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I. — Pinene  Nitrolaifnine. 

By  Frederick  Peacock  Leach. 

Attention  has  been  drawn  to  the  fact  that  ammonia  reacts  with 
pinene  nitrosochloride,  producing  a  well-defined  amino-oxime  by  the 
replacement  of  the  chlorine  by  the  amino-group  (Proc,  1906,  22, 
137).  The  present  communication  deals  with  the  preparation  and 
px'operties  of  this  substance,  which  is  shown  to  possess  the  character 
of  a  primary  amine  as  well  as  that  of  an  oxime. 

It  is  well  known  that  the  nitrosochlorides  of  the  terpenes,  when 
treated  with  a  primary  or  secondary  amine,  give  rise  to  nitrolamines, 
the  chlorine  being  replaced  by  the  basic  residue  with  formation  of 
the  hydrochloride  of  the  base,  accompanied  by  resolution  of  the  bis- 
nitroso-linking  and  the  formation  of  an  oximino-group  : 

Pinene  nitrosochloride,  however,  is  somewhat  exceptional  in  its 
behaviour  towards  primary  and  secondary  amines  ;  towards  aliphatic 
amines  it  reacts  quite  normally,  but  with  an  aromatic  amine  such  as 
aniline,  the  elements  of  nitrosyl  chloride  are  withdrawn,  inactive  pinene 
and  aminoazobenzene  hydrochloride  being  formed  : 

C,oH,e-NOCl  +  2C,H5-NH2  =  C,,^,,  + 

C6H5-n:n-C6H4-nh2,hci  +  HgO. 
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The  interest  attaching  to  this  reaction  depends  on  the  demonstra- 
tion that  when  nitrosyl  chloride  is  added  to  pinene  no  secondary 
reaction  takes  place  such  as  occurs  when  hydrogen  chloride  is  added 
to  the  hydrocarbon,  although  the  nitrosochloride  is  optically  inactive 
(compare  Armstrong,  Trans.,  1896,  69,  1400). 

The  production  of  the  substituted  nitrolamines  from  many  terpene 
nitrosochlorides  has  been  widely  studied  by  Wallach  and  his  co- 
workers, but  hitherto  the  original  nitrolamine  bases  themselves  have 
not  been  obtained,  except  in  the  case  of  pinole  nitrosochloride, 
[CjoHjgO'ISrOClJg  or  C,oHjgO'XOCl,  which  gives  the  nitrolamine 
when  treated  with  alcoholic  ammonia  (Annalen,  1889,  253,  262). 
It  therefore  seemed  desirable,  particularly  in  the  case  of  pinene,  to 
obtain  the  nitrolamine  base,  because  on  reduction  one  might  expect 
to  produce  the  corresponding  diamine,  which  when  treated  with 
nitrous  acid  should  give  a  glycol  identical  Avith  that  obtained  by 
G.  Wagner  (Ber.,  1894,  27,  2270)  on  oxidising  the  hydrocarbon  by 
means  of  a  1  per  cent,  solution  of  potassium  permanganate  at  0°, 
whilst  if  the  glycol  could  be  obtained  with  any  degree  of  ease  it  could 
be  made  the  starting-point  for  useful  work  in  connexion  with  the 
pinene  nucleus. 

It  was  shown  in  the  case  of  the  reaction  between  the  limonene  nitroso- 
chlorides and  potassium  cyanide  that  temperature  had  a  very  marked 
influence  on  the  course  of  the  reaction  (Trans.,  1905,  87,  417); 
at  the  boiling  point  of  alcohol,  little  or  no  nitrosocyanide  was  pro- 
duced, whilst  at  about  25 — 30°  the  yield  approximated  to  30  per 
cent.  It  therefore  seemed  probable  that  the  reaction  between  pinene 
nitrosochloride  and  ammonia  might  be  influenced  in  the  same  way  ; 
this  proves  to  be  the  case,  for  when  ammonia  in  alcoholic  solution  is 
boiled  with  pinene  nitrosochloride,  hydrochloric  acid  is  withdrawn 
and  a  brown,  I'esinous  mass  obtained,  from  which  only  small  quantities 
of  nitrosopinene  (melting  at  131°)  could  be  extracted.  If,  however, 
the  nitrosochloride  is  ground  to  a  fine  powder  and  suspended  in 
absolute  alcohol,  concentrated  ammonia  added,  and  the  solution 
maintained  at  45°  with  occasional  shaking,  the  reaction  proceeds 
slowly,  the  nitrosochloride  disappears,  and  an  almost  colourless 
solution  is  formed,  from  which,  on  pouring  into  water,  the  nitrol- 
amine is  precipitated  in  bulky,  white  needles.  The  yield  is  almost 
quantitative,  and  the  success  of  the  operation  can  usually  be  judged 
by  the  colour  of  the  solution,  a  brown  colour  indicating  destruction 
of  the  nitrosochloride  and  a  diminished  yield  of  the  nitrolamine. 

Pinene  nitrolamine  is  amphoteric  in  character,  dissolving  readily 
either  in  dilute  caustic  alkali  or  in  dilute  acids  ;  it  possesses  the 
properties  of  a  primary  amine,  giving  rise  to  a  well-defined  hydro- 
chloride, oxalate,    and   platinichloi'ide.      The    nitrolamine   yields   an 
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unstable   isonitrile    and    condenses    readily    with    aldehydes    to    form 
crystalline  condensation  derivatives. 

Acetic  anhydride  gives  rise  to  a  monoacetyl  derivative, 

'"i^-^cMe-NHAc' 
which  is  soluble  in  alkalis,  but  attempts  to  prepare  a  diacetyl  deriv- 
ative led  to  the  production  of  a  black  tar.     Well-defined  dibenzoyl  and 
diphenylcarbamide  compounds  have,  however,  been  prepared. 

The  chief  interest  lay  in  the  action  of  reducing  agents,  but  hitherto 
disappointing  results  have  been  obtained.  With  boiling  amyl  or 
ethyl  alcohol  and  sodium,  90  per  cent,  of  the  nitrolamine  was  recovered 
unchanged,  whilst  with  acid  reducing  agents  there  was  either  no 
reduction  or  else  the  amino-groups  were  eliminated,  giving  rise  to  a 
ketone  (Wallach's  pinocamphone).  Dilute  or  glacial  acetic  acid  and 
zinc  dust  had  no  effect  on  the  nitrolamine,  almost  the  whole  of  the 
substance  being  recovered  unchanged,  but  with  alcoholic  hydrochloric 
acid  and  zinc  dust  (below  50°),  60  per  cent,  was  recovered,  the 
principal  reduction  product  being  pinocamphone,  identified  by  means 
of  its  oxime. 

°'H-<6Me'?NH,  ^  ^^^  =  C'«.4 HMe  ^  ^^^3- 
This   result  agrees  with  Wallach's  observations,   who  found  that 
when  nitrosopinene  is  reduced  with  zinc  dust  and  dilute  acetic  acid, 
the  base,  pinylamine,  is  obtained,   mixed   with  about  20  per  cent,  of 
pinocamphone  (Annalen,  1898,  300,  287). 

The  corresponding  amiuo-oxime  of  camphor  was  prepared  by 
Lapworth  (Trans.,  1902,  81,  549),  by  the  action  of  hydroxylamine 
acetate  on  aminocamphor,  which  on  reduction  with  sodium  and 
alcohol  gives  rise  to  bornylenediamine  (P.  Duden,  D.R.-P.  1G0103). 
The  behaviour  of  the  pinene  compound  on  reduction  emphasises  the 
difference  between  the  two  substances. 

Pinene  nitrolamine  is  optically  inactive,  as  would  be  expected,  on 
account  of  its  derivation  from  pinene  nitrosochloride. 

Experimental. 

,c:noh 


Pinene  nitrolamine,  C.,Tl,c<^^.,    ^^^ 

^UMe'iSH 


Twenty  grams  of  pinene  nitrosochloride  were  ground  to  a  fine 
powder  and  suspended  in  100  c.c.  of  absolute  alcohol;  25  c.c.  of 
concentrated  ammonia  were  added  and  the  mixture  kept  at  a  tempera- 
ture of  45°  with  occasional  shaking.  The  nitrosochloride  gradually 
disappeared,  an  almost  colourless  solution  being  formed,  from  which, 

B    2 
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on  cooling,  there  separated  a  solid  mass  of  the  nitrolamine  mixed  with 
some  ammonium  chloride.  On  filtering,  washing  with  water,  and 
crystallising  from  hot  alcohol  a  pure  product  was  obtained.  The 
alcoholic  solution  from  the  reaction  was  poured  into  a  large  volume  of 
water,  giving  a  very  bulky  mass  of  fine  needles,  and  after  filtration 
and  recrystallisation  from  hot  alcohol  a  further  supply  of  the 
nitrolamine  was  produced  ;  this  compound,  which  crystallised  in  long, 
silky  needles,  melted  at  123 — 125°,  and  softened  at  117°.  Further 
recrystallisation  did  not  alter  the  melting  point,  but  on  fusion  gas 
was  evolved  and  the  substance  again  melted  at  129—131°. 

The  most  probable  explanation  appeared  to  be  the  formation  of 
nitrosopinene  (m.p.  131°)  from  the  niti-olamine  by  evolution  of 
ammonia.  On  mixing  a  small  quantity  of  the  fused  substance  with 
nitrosopinene,  the  mixture  began  to  melt  below  100°,  whilst  the 
molten  substance  itself  dissolved  completely  in  dilute  hydrochloric 
acid,  from  which  the  original  nitrolamine  melting  at  123 — 125°  was 
precipitated  by  the  addition  of  ammonia : 

0-1111  gave  0-2548  CO^  and  0-0992  HgO.     0  =  62-54;  H  =  9-92. 

0-1160     „     14-8  c.c.  moist  nitrogen  at  21°  and  766  mm.  N  =  14-64. 
C10H18ON2  requires  0  =  65-9  ;  H  =  9-88;  N=  15-38. 
CioHigONo.JHgO       „        0  =  62-82  ;H  =  9-94  ;N  =  14-66  per  cent. 

When  heated  in  a  dry  test-tube,  the  substance  melts  and  moisture 
collects  on  the  upper  part  of  the  tube  ;  its  direct  estimation  by  heating 
at  100°  is  frvTstrated  owing  to  the  fact  that  sublimation  takes  place. 
Heated  in  the  Avater-oven,  the  crystals  lose  their  lustre  and  trans- 
parent appearance,  becoming  quite  opaque.  At  the  surface  of  the 
layer,  small,  brilliant  plates  sublime,  and  after  the  heating  has  been 
continued  for  several  hours  and  the  product  recrystallised  from  hot 
light  petroleum,  small  tufts  of  silky  needles  are  prodviced  melting 
sharply  at  137°  : 

0-1332  gave  0-3154  COo  and  0-1180  H.O.     0  =  64-57;  H  =  9-84. 
CioHjsON^  lequires  0  =  65-9  ;  H  =  9-88. 

The  nitrolamine  dissolves  readily  in  dilute  mineral  acids,  being 
reprecipitated  unchanged  by  ammonia  as  a  bulky  mass  of  fine  needles  ; 
it  also  dissolves  in  dilute  caustic  alkalis.  From  hot  alcohol,  chloro- 
form, or  acetic  acid  it  crystallises  in  fine,  silky  needles ;  it  is 
moderately  soluble  in  warm  benzene,  acetone,  or  light  petroleum, 
but  very  sparingly  so  in  ether.  It  is  not  readily  attacked  on  boiling 
with  dilute  hydrochloric  acid,  the  hydrochloride  separating  out  on 
cooling  ;  prolonged  boiling,  however,  causes  elimination  of  the  oximino- 
group,  and,  on  addition  of  caustic  soda  and  Fehling's  solution,  a  red 
precipitate  of  cupi-ous  oxide  is  produced. 

Action  of  Bromine. — A  solution  of  the  nitrolamine  in  chloroform 
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decolorises  bromine,  and  almost  immediately  a  bulky,  white,  crystal- 
line precipitate  separates.  After  filtration  and  washing  with  a  little 
chloroform,  it  is  snow-white  and  stable  in  the  air,  but  dissolves 
completely  in  water  with  elimination  of  hydrobromic  acid  and  re- 
generation of  the  nitrolamine. 

Action  of  30  ;)er  cent.  Aqueous  Alkali. — When  boiled  for  several 
minutes,  no  ammonia  is  evolved,  and  on  dilution  and  neutralisation 
with  hydrochloric  acid  the  unchanged  nitrolamine  separates. 

Action  of  Nitrous  Acid. — 2"5  grams  of  the  nitrolamine  were  dis- 
solved in  dilute  hydrochloric  acid  and  the  temperature  reduced  below 
5"^  by  the  addition  of  ice.  One  gram  of  sodium  nitrite  gradually 
added  caused  the  liquid  to  become  turbid  with  separation  of  a  yellow 
oil,  which  on  standing  became  resinous,  whilst  the  solution  developed 
a  strong  odour  of  carvone. 

Hydrochloride. — On  passing  dry  hydrogen  chloride  into  cooled 
ether  containing  the  nitrolamine  in  suspension,  the  hydrochloride 
separated  almost  immediately,  and  on  crystallisation  from  alcohol  fine, 
silky  needles  were  deposited,  which  became  discoloured  at  220°  and 
decomposed  at  235 — 240°.  The  hydrochloride  is  also  readily  prepared 
by  the  addition  of  15  per  cent,  hydrochloric  acid  to  the  nitrolamine, 
when  it  partially  dissolves,  and  then  sets  to  a  hard  cake  of  the  hydro- 
chloride : 

0-3410 required  15-6  c.c.  iVVlO  AgNOs.    01  =  16-24. 
0-3136        „        14-4  c.c.  iVyiOAgNOg.    01  =  16-30. 
CiiHjgONgOl  requires  01  =  16-24  per  cent. 

Platinichloride. — Ooncentrated  aqueous  solutions  of  the  hydro- 
chloride and  platinic  chloride  were  mixed  together,  when  deep  orange- 
coloured  prisms  slowly  separated ;  these  when  crystallised  from  water 
decomposed  at  185°  with  blackening  and  evolution  of  gas;  the 
substance  dissolves  very  readily  in  water  or  alcohol : 

0-2206  gave  0-0556  Pt.     Pt  =  25-20. 

(OioHi80N2)2,H2PtClg  requires  Pt  =  25-2  per  cent. 

Oxalate. — This  was  prepared  by  addition  of  two  molecular  proportions 
of  the  nitrolamine  to  one  of  oxalic  acid,  each  being  dissoh^ed  in  warm 
alcohol.  A  finely-divided,  crystalline  compound  separated,  which  when 
filtered,  washed  several  times  with  cold  alcohol,  and  recrystallised  f rom 
the  hot  dilute  solvent,  yielded  flattened  prisms  melting  at  235°.  The 
oxalate  is  readily  soluble  in  water,  but  only  sparingly  so  in  hot 
alcohol : 

0-1488  gave  16-2  c.c.  moist  nitrogen  at  20°  and  765  mm.  N  =  12-53, 
(OjQHjgO]Sr2)2,H2C204  requires  ]S'  =  12-33  per  cent, 
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Acetylpinene  N'itrolamine,  C.,'il-,g<^X^^    ,^-rr,  .  • 

Three  grams  of  the  nitrolamine  were  gradually  added  to  10  grams 
of  acetic  anhydride,  solution  took  place  with  evolution  of  heat,  and  on 
heating  the  liquid  on  the  water-bath  it  became  light  brown  and 
somewhat  viscous.  On  pouring  into  water  an  oil  separated  which  was 
rendered  crystalline  by  addition  of  ammonia  ;  by  recrystallisation  from 
hot  alcohol,  the  acetyl  derivative  was  obtained  in  large,  transparent, 
hexagonal  prisms  melting  at  224°  with  decomposition  : 

0"1418  gave  15'6  c.c,  moist  nitrogen  at  20°  and  765  mm.  N  =  12-65. 
CjgHoQOgN,  requires  N=  12*50  per  cent. 

The  nitrolamine  is  soluble  in  dilute  caustic  soda,  showing  that  the 
oximino-group  has  not  been  attacked ;  it  also  dissolves  in  dilute 
hydrochloric  acid,  being  reprecipitated  on  addition  of  ammonia. 
Warm  methyl  or  ethyl  alcohol,  acetic  acid,  or  ethyl  acetate  dissolve 
the  substance  readily,  chloroform,  benzene,  or  ether  more  sparingly, 
whilst  in  light  petroleum  it  is  almost  insoluble. 

Sodium  acetate  and  acetic  anhydride  were  used  in  the  hope  of 
pi'eparing  the  diacetyl  compound,  but  only  a  black  tar  resulted,  from 
which  no  crystallisable  material  could  be  obtained. 

P'N^O«T>7 
^^  '     ^    ^2^CMe-NHBz 

Five  grams  of  the  nitrolamine  were  dissolved  in  10  per  cent,  aqueous 
caustic  soda  and  treated  with  benzoyl  chloride  in  the  usual  manner ; 
an  oil  separated  which  soon  solidified  to  a  hard,  compact  mass.  When 
ground  with  dilute  aqueous  caustic  soda,  filtered,  washed,  and  recrys- 
tallised  from  alcohol,  tufts  of  small,  transparent  prisms  melting  at  167° 
were  deposited.  The  benzoyl  derivative  dissolves  readily  in  warm 
methyl  alcohol,  acetic  acid,  benzene,  or  chloroform,  crystallising  from 
the  solutions  in  bright  but  small,  rhombic  prisms.  In  ether  it 
dissolves  sparingly  and  is  almost  insoluble  in  light  petroleum  : 

0-1718  gave  lO'B  c.c.  moist  nitrogen  at  15-5°  and  762  mm.  N  =  7-36. 
^24^30^3^2  requires  1^  =  7-17  per  cent. 


The  Diphenylcarhamide,  C>jH^^<^  1 


CINO-CO-NH-CoHg 
CMe-NH-CO-C«H, 


Four  grams  of  the  dry  nitrolamine  were  dissolved  in  100  c.c.  of 
Avarm,  dry  benzene  and  5  grams  of  phenylcarbimide  added ;  no 
jiflmediate  precipitation  took  place,  but  on  cooling  an  oil  separated. 
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Addition  of  light  petroleum  caused  the  oil  to  solidify  and  precipitated 
from  the  benzene  a  finely-divided,  crystalline  powder.  The  crude 
product  separates  from  most  solvents  as  an  oil,  but  on  dissolving  in 
alcohol  and  adding  light  petroleum,  tufts  of  white,  minute  needles 
appear.  These  after  two  recrystallisations  from  hot  alcohol  yielded 
minute  needles  of  the  diphenylcarbamide  melting  at  133°  with  evolution 
of  gas  : 

0-1264  gave  0-3178  COg  and  0-0806  HgO.     0  =  68-57;  H=70. 

0-1092     „     12-8  c.c.  moist  nitrogen  at  19°  and  777  mm.    ]Sr=  13-75. 
Co^H.^gOgN^  requires  C  =  68-6  ;  H  =  6-7  ;  N  =  13-33  per  cent. 
C1.H23O.3N3        „        0  =  67-7;  H  =  7-6;  N=  13-95 

The  pure  compound  is  only  sparingly  soluble  in  cold  solvents,  but 
dissolves  in  hot  methyl  or  ethyl  alcohol,  chloroform,  or  acetic  acid.  It 
is  sparingly  soluble  in  hot  benzene  and  almost  insoluble  in  light 
petroleum.  As  indicated  by  the  analysis  two  molecular  proportions  of 
the  carbimide  combine  with  one  of  the  nitrolamine. 

...      .       .        r.^       .CINOH 

Benzyhdenepmene  Nitrolamine,  CyHto-C^  '  ,,    -vt.^-tt  r^  tt  • 
'^  '      /    1^  ^CMe-N.OH-CgHg 

Five  grams  of  the  nitrolamine  were  dissolved  in  25  c.c.  of  absolute 
alcohol  and  3  grams  of  benzaldehyde  added,  when  the  contents  of  the 
flask  solidified  to  a  hard,  crystalline  cake  with  considerable  evolution  of 
heat.  The  reaction  was  completed  by  heating  the  flask  on  the 
water- bath  for  three  hours  under  a  reflux  condenser;  on  cooling, 
a  compact  mass  of  colourless,  prismatic  needles  separated  which, 
when  filtered,  washed  with  a  little  cold  alcohol,  and  recrystallised 
twice  from  the  hot  solvent,  furnished  aggregates  of  prisms  melting 
at  162°  : 

0-1424  gave  0-3924  CO2  and  0-1088  HgO.     0  =  75-15  ;  H  =  8-48. 

0-1680  gave  15-4  c.c.  moist  nitrogen  at  19° and  765  mm.  N  =  10-60. 
^17^22^)^2  requires  0  =  75-55  ;  H  =  8-14  per  cent. 

The  compound  dissolves  readily  in  warm  alcohol,  chloroform, 
benzene,  or  ether,  crystallising  in  tufts  of  elongated  prisms.  It 
dissolves  sparingly  in  cold  light  petroleum,  but  from  the  hot  solution 
it  is  deposited  as  a  bulky  mass  of  fine  needles.  Aqueous  caustic 
soda  and  dilute  acids  dissolve  it  sparingly,  and  on  boiling  with  the 
latter,  benzaldehyde  is  regenei'ated,  whilst  if  ammonia  is  added  to  the 
solution  the  amino-oxime  mixed  with  benzaldehyde  is  precipitated. 

^  ^    i-^CMe'NIOH-CgH^'OH 

Three  grams  of  the  nitrolamine  were  dissolved  in  15  c.c.  of  alcohol, 
and  2  grams  of  salicylaldehyde  added  ;  after  heating  on  the  water- 
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bath  a  bright  yellow  colour  was  developed,  and  on  pouring  the 
solution  into  water  a  yellow  oil  was  precipitated,  which  solidified  in 
the  course  of  twenty-four  hours  to  a  hard,  crystalline  mass.  After 
being  washed  with  cold  alcohol  and  twice  recrystallised  from  the 
hot  solvent,  bright,  transparent  sulphur-yellow  prisms,  melting  sharply 
at  128°,  were  obtained  : 

0'1646  gave  14-4  c.c.  moist  niti-ogen  at  22°  and  765  mm.  N  =  9-98. 
Cj^HggOgNg  requires  ^  =  9-79  per  cent. 

The  substance  dissolves  readily  in  methyl  or  ethyl  alcohols,  giving 
pale  yellow  solutions,  addition  of  ferric  chloride  producing  a  deep, 
purple-red  coloration.  Cold  chloroform  dissolves  it  readily,  but  the 
nitrolamine  is  precipitated  from  the  solution  by  light  petroleum  in 
small  clusters  of  bright  yellow,  four-sided  prisms.  It  crystallises 
also  from  hot  light  petrolevim  in  clusters  of  prisms,  but  dissolves  to  a 
greater  extent  in  cold  ether  or  acetic  acid.  Dilute  caustic  alkalis 
dissolve  the  substance  readily,  forming  yellow  solutions,  from  which  it 
is  precipitated  by  dilute  hydrochloric  acid,  redissolving  in  excess  of  the 
acid. 

CNOTT 

Furfurylidene  Pinene  Nitrolamine,  C!7Hj.^<^  i  *      ,,.^-rr  r^  -it  r\ 

CMe'Is  .CidL'C^HgO. 

Three  grams  of  the  nitrolamine  were  dissolved  in  15  c.c.  of  absolute 
alcohol  and  2  grams  of  furfuraldehyde  added  ;  condensation  does  not 
take  place  readily  in  the  cold,  but  when  heated  for  three  hours  the 
liquid  became  dark  coloured,  and  when  poured  into  water  there  was 
precipitated  a  brown,  crystalline  condensation  product,  which  after 
three  recrystallisations  from  hot  alcohol  became  quite  colourless, 
crystallising  in  small,  well-defined  cubes  melting  at  164°  and  re- 
melting  at  the  same  temperature  : 

0-1262  gave  12-2  c.c.  moist  nitrogen  at  22-5  and  764  mm.  ]Sr  =  10-97. 
CjjHgoOgNo  requires  N  =  10-76  per  cent. 

The  substance  dissolves  readily  in  hot  methyl  or  ethyl  alcohols, 
benzene,  ether,  or  chloroform,  being  precipitated  from  the  latter  by 
light  petroleum  in  clusters  of  prismatic  needles  ;  it  dissolves  sparingly 
in  hot  light  petroleum,  crystallising  therefrom  in  needles. 

Action  of  Chloroform  and  Caustic  Potash. 

Ten  grams  of  the  dry  nitrolamine  were  dissolved  in  a  mixture  of 
20  c.c.  of  absolute  alcohol  and  20  c.c.  of  chloroform  ;  15  gi-ams  of 
caustic  potash  dissolved  in  40  c.c.  of  absolute  alcohol  and  a  little  water 
were  then  added  to  the  solution.  Reaction  took  place  in  the  cold 
with  considerable  development  of  heat,  precipitation  of  a  bulky  mass 
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of  potassium  chloride  and  production  of  a  deep  red  colour  in  the 
solution.  The  liquid  was  then  heated  for  half  an  hour  on  the  water- 
bath,  cooled,  and  filtered  from  the  potassium  chloride.  It  had  the 
characteristically  nauseous  odour  of  an  wonitrile,  and  when  rapidly- 
evaporated  gave  a  dark  coloured  oil,  which  decomposed  on  addition  of 
water,  yielding  a  dark  coloured  but  crystalline  mass  of  the  nitrolamine. 
Potassium  formate  was  recognised  in  the  aqueous  liquid  after  evapor- 
ation. 

Action  of  Reducing  Agents. 

(1)  Alkaline  Reducing  Agents. — Ten  grams  of  the  nitrolamine  were  dis- 
solved in  150  c.c.  of  amyl  alcohol,  heated  to  boiling,  and  10  grams  of 
sodium  added  gradually.  The  solution  became  yellow  and  small 
quantities  of  ammonia  were  liberated  ;  on  dilution  with  water  and 
acidification  with  concentrated  hydrochloric  acid,  the  liquid  separated 
into  two  layers,  from  which  the  amyl  alcohol  was  removed  by  a 
current  of  steam.  The  acid  liquid  was  then  cooled  and  concentrated 
ammonia  added,  when  a  small  quantity  of  oily  liquid  having  an  odour  of 
cymene  separated,  together  with  a  very  bulky  mass  of  the  unchanged 
nitrolamine,  which  when  dry  weighed  9  gx'ams.  Similar  results  were 
obtained  by  the  use  of  boiling  ethyl  alcohol  and  sodium. 

(2)  Acid  Reducing  Agents. — Dilute  or  glacial  acetic  acid  and  zinc 
dust  left  the  nitrolamine  unattacked,  so  that  the  action  of  alcoholic 
hydrochloric  acid  was  tried.  Twenty  grams  of  the  nitrolamine  were 
added  to  a  mixture  of  50  c.c.  of  absolute  alcohol  and  150  c.c.  of 
alcoholic  hydrochloric  acid ;  the  solution  became  semi-solid  owing  to 
the  separation  of  the  hydrochloride.  Twenty  grams  of  zinc  dust  were 
then  gradually  added  and  the  temperature  kept  below  50°.  The 
solution  soon  became  clear  and,  after  standing  for  four  hours,  the 
acid  was  partially  neutralised  with  caustic  soda  and  the  alcohol  driven 
off  with  a  current  of  steam.  On  evaporation,  the  distillate  gave  an  oil 
having  a  strong  odour  of  peppermint  and  weighing  3  grams.  In 
order  to  prepare  the  oxime,  the  oil  was  dissolved  in  10  c.c.  of  alcohol 
and  heated  with  2  grams  of  hydroxylamine  hydrochloride  and  0'6  gram 
of  caustic  potash  in  a  reflux  apparatus  for  several  hours  ;  on  pouring  the 
solution  into  water,  an  oil  separated,  which  crystallised  on  addition 
of  ice,  and  when  recrystallised  from  alcohol  the  oxime  melted  at  86° 
(Wallach  gives  86 — 87°  for  the  oxime  of  pinocamphone).  The  liquid 
left  in  the  distilling  flask  was  made  alkaline  with  caustic  soda,  when 
a  strong  basic  odour  was  developed  and  ammonia  was  evolved.  After 
passing  steam  through  the  liquid,  a  very  small  quantity  of  a  basic  oil 
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was  obtained,  but  has  not  yet  been  identified  ;  acidification  of  the 
liquid  in  the  distilling  flask  and  subsequent  addition  of  ammonia  gave 
a  bulky,  white  precipitate  of  the  unchanged  nitrolamine  which  weighed 
nearly  12  grams. 

Royal  College  of  Science,  London, 
South  Kensington,  S.AV. 


II. — A  ])Heudo- Semicarbazide  from  Pinene. 

By  FiiEDERiCK  Peacock  Leacii. 

The  reaction  between  pinene  nitrosochloride  and  potassium  cyanate 
does  not,  as  one  might  expect,  lead  to  the  production  of  a  carbimido 
by  the  replacement  of  the  chlorine  by  the  -NICIO  group,  but  instead 
gives  rise  to  a  somewhat  complex  ring  compound  having  the  empirical 
formula  CjjHjwOgNg.  Interaction  between  the  nitrosochloride  and 
potassium  cyanate  takes  place  quite  readily  in  alcoholic  solution  at 
45 — 50°,  two  molecular  proportions  of  the  cyanate  reacting  with  one 
of  the  nitrosochloride. 

The  constitution  of  the  new  compound  is  probably  best  expressed 
by  the  formula 

.C=NO— CO 
^7^i2<(!.Me-NH-CO>^^' 
or  one  of  the  tautomeric  forms, 

^^    x:no-c(ohv  ^      ,  ^^     c==No — CO 

^^^i^<CMe.NH.CO>^   ''^^^   ^^^^2<CMe-NH.C(0H)>^- 
This  conclusion  has  been  reached  by  considering  the  following  ex- 
perimental evidence : 

(1)  The  substance  behaves  like  an  imide,  having  a  feebly  acidic 
character,  dissolving  in  caustic  alkalis,  and  giving  alkali  salts  like 
succinimide  or  phthalimide. 

(2)  When  reduced  by  dilute  acetic  acid  and  zinc  dust  it  loses  carbon 
dioxide  and  ammonia,  owing  to  liberation  of  cyanic  acid,  and  a  very 
stable  |;seM(iocarbamide  is  formed  : 

n — "pjf) — no 
C'H-<6Me.NH.C0>™  +  ^«- 

^^^^^<CMe.NH>^^  +  ^^^  ^  ^^'- 

(3)  Warm  concentrated  sulphuric  acid  hydrolyses  the  imide  and  the 
ring  undergoes  disruption  ;  carbon  dioxide  and  ammonia  are  liberated 
and  pinene  nitrolamine  js  formed  : 


LEACH:    A   PSEUDO-SEMICARBAZIDE   FROM   PINENE.  11 

The  mechanism  by  which  the  seven-memberecl  ring  is  produced  from 
the  nitrosochloride  has  not  been  fully  explained,  but  there  seems  no 
doubt  that  the  condensation  is  brought  about  in  some  way  by  free 
cyanic  acid,  which  can  be  recognised  in  the  liquid  by  means  of  the 
cobalt  acetate  test.  The  most  probable  explanation  depends  on  the 
resolution  of  the  bimolecular  nitrosochloride  into  the  unimolecular 
(oximino)  form,  and  I'eplacement  of  the  chlorine  by  the  group 
-NICIO  ;  interaction  of  the  free  cyanic  acid  with  the  oximino-group 
would  give  a  carbamic  derivative  of  the  oxime,  which  then  undergoes 
rearrangement,  forming  the  complex  imide  : 

^^^i2^CMeCl    ~^  ^7^i2<^CMe-N:c:0        ~^ 

This  new  compound  is  exceedingly  stable  towards  oxidising  agents. 
Whilst  pinene  and  its  compounds  are,  generally  speaking,  readily 
oxidised  or  altogether  destroyed  by  nitric  acid,  the  new  compound  can 
be  boiled  with  concentrated  nitric  acid  (sp.  gr.  1'42),  and  on  dilution 
with  water  crystallises  in  needles.  In  a  similar  manner,  when  dis- 
solved in  cold  alkali  and  treated  with  alkaline  hypobromite,  the 
unchanged  substance  is  precipitated  from  the  solution. 

Towards  reducing  agents  the  substance  is  very  sensitive,  and  as 
already  pointed  out  it  gives  rise  by  the  action  of  zinc  and  dilute  acetic 
acid  to  a  ^sew(Zocarbamide  from  which  the  corresponding  nitroso-i/r- 
carbamide  and  /)sewc?osemicarbazide  have  been  obtained.  These  sub- 
stances have  a  close  relationship  to  the  corresponding  derivatives  of 
camphor,  recently  isolated  and  examined  by  Forster  and  Fierz  (Trans., 
1905,87,  110  and  722): 

Pinyl-i|/-carbamide.  Camphoryl-;|/-carbamide, 

The  pseudoc3irhamide  from  pinene  possesses  a  very  stable  ring 
structure,  for  it  sublimes  unchanged  at  224°  and  is  scarcely  acted 
on  by  hot  30  per  cent,  caustic  potash  or  dilute  acids.  The  camphoryl 
compound  possesses  a  labile  hydrogen  atom,  owing  to  which  the  ring 
can  be  opened  by  dilute  acids,  giving  the  carbamide  of  aminocamphor, 
from  which  alkalis  regenerate  the  pseud oca.vhamide. 

The   action  of  nitrous  acid  on  the  psewcZocarbamide  from  pinene 
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gives  rise  to  a  nitroso-derivative,  crystallising  in  Ijeautiful  yellow 
plates  with  a  delicate  pink  lustre. 

The  stable  nature  of  the  ring  in  the  /(seMcZocarbamide  makes  it 
difficult  to  determine  the  position  taken  up  by  the  nitroso-group  :  for 
the  present,  therefore,  it  is  not  possible  to  decide  between  the 
formulae 

c,H„4f;^<^o)     ^^^  o,H,4«--^H>co. 

^    ^2^CMe — NH^  ^    ^^^CMe'N(NO) 

A  similar  uncertainty  exists  in  the  case  of  the  /(sewcZosemicarbazide. 
Although  remaining  unchanged  in  the  dark  the  nitroso-i/^-carbamide 
when  exposed  to  light  undergoes  a  series  of  interesting  changes  :  in 
sunlight  the  colour  changes  in  the  course  of  a  few  minutes  from  the 
characteristic  yellow  with  pink  reflex  to  a  bright  green,  whilst  after 
some  hours  the  green  begins  to  fade  and  is  followed  by  a  dull  yellow 
colour,  further  exposure  causing  no  alteration ;  besides  change  of 
colour  the  crystals  become  opaque  and  "  pitted  "  on  the  surface  owing 
to  escape  of  gas.  This  change,  which  is  accompanied  by  decrease  of 
fusibility,  has  been  proved  to  be  due  to  the  elimination  of  the  nitroso- 
group,  with  the  regeneration  of  the  7?sewc?ocarbamide.  The  readiness 
with  which  the  nitroso-group  is  detached  appears  from  the  fact,  that  if 
a  few  crystals  of  the  nitroso-compound  are  placed  in  a  test-tube  with 
a  little  potassium  iodide  and  starch  solution,  and  one  drop  of  dilute 
sulphuric  acid  is  added,  the  blue  colour  due  to  the  liberation  of  iodine 
makes  its  appearance  in  the  course  of  a  few  minutes. 

Cazeneuve  {Compt.  rend.,  1889,  109,  185)  noticed  somewhat  similar 
changes  of  colour  in  the  case  of  nitrosocamphor  (compare  Claisen  and 
Manasse,  Annalen,  1893,  274,  72)  : 

The  introduction  of  the  nitroso-group  into  the  /JsewcZocarbamide 
renders  the  product  soluble  in  dilute  caustic  soda,  from  which  the 
sodium  salt  is  precipitated  on  further  addition  of  cold  concentrated 
caustic  soda ;  if,  however,  the  solution  is  heated,  decomposition  takes 
place,  gas  being  evolved  and  an  oil  having  a  camphoraceous  odour  being 
produced.     The  products  of  the  reaction  are  still  under  investigation. 

The  reduction  of  the  nitroso-i/^-carbamide  gives  rise  to  a  crystalline 
^sewciosemicarbazide  : 

The  tendency,  however,  for  the  nitroso-group  to  become  eliminated  as 
ammonia  is  very  considerable,  and  unless  the  conditions  given  for  the 
preparation  of  the  j9seit(^osemicarbazide  are  adhered  to,  a  product  is 
obtained  which  is  very  difficult  to  purify. 
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The  new  base  resembles  semicarbazide  itself  in  combining  with  great 
readiness  with  aldehydes  and  ketones  to  form  the  corresponding  josew(^o- 
semicarbazones ;  with  acetone,  however,  no  condensation  product  has 
been  obtained.  The  quinone-i/^-semicarbazone  crystallises  in  bright 
yellow  needles  and  contains  one  molecule  of  water  of  crystallisation, 
which  it  loses  at  100°;  products  obtained  by  condensation  of  the 
I  josewcZosemicarbazide  with  aldehydes,  however,  are  free  from  solvent. 
The  hydrochloride  of  the  base  when  heated  with  nitrous  acid  at  0° 
regenerates  the  joseWocarbamide,  and  if  excess  of  hydrochloric  acid 
is  present,  the  nitroso-i//-carbamide  is  obtained,  owing  to  the  action  of 
the  nitrous  acid  on  the  /)sei4f^ocarbamide. 

The  reaction  is  most  probably  expressed  as  follows  : 

(I)    CVH,<V^-^(™^>C0  4-HN0,=. 

pxT N^TT 

^^^i2<CMe-NH>^^  +  ^^^  +  ^^^- 
pxT 'N'TT 

This  observation  is  in  agreement  with  that  of  Emil  Fischer 
(Annalen,  1877,  190,  158),  who  found  that  when  sodium  nitrite  acted 
on  phenylmethylhydrazine  in  dilute  sulphuric  acid  the  nitroso- 
compound  of  pheoylmethylamine  was  obtained, 

C6H5(CH3)N-NH2  +  2HNO2  =  C6H5(CH3)N-NO  +  2H2O  +  N2O, 
this  action  doubtless  also  takes  place  in  two  stages. 

The  behaviour  of  the  camphoryl-i/^-semicarbazide  (Forster  and  Fierz, 
Trans.,  1905,  87,  826)  resembles  that  of  the  pinene  compound,  if  the 
reaction  is  carried  out  in  acetic  acid  solution,  when  the  pseudo- 
carbamide  is  obtained,  but  excess  of  sodium  nitrite  does  not  yield  the 
nitroso-i^-carbamide  ;  it  differs,  however,  in  the  fact  that  when  the 
nitrate  of  the  camphoryl-i//-semicarbazide  is  treated  with  nitrous  acid 
the  ring  undergoes  disruption,  with  the  formation  of  camphoryl 
azoimide. 

The  compounds  of  pinene  described  in  this  paper  are  optically 
inactive. 

EXPEBIMENTAL. 

C^i^NO — CO 
T/.  IMe,  C,H„<  .  ^^.j^^.^^>NH. 

The  most  satisfactory  method  of  obtaining  this  compound  is  to  treat 
the  nitrosochloride  of  pinene  in   quantities  of   20  grams  at  a  time, 
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larger  quantities  cause  the  formation  of  more  resinous  matter. 
Twenty  grams  of  freshly  prepared  pinene  nitrosochloride  were  ground 
to  a  fine  powder  with  18  grams  of  potassium  cyanate  and  the  mixture 
added  to  150  c.c.  of  rectified  spirit,  the  whole  being  shaken  from  time 
to  time.  In  the  cold,  the  reaction  proceeds  very  slowly,  but  on 
allowing  to  stand  at  45 — 50°  the  nitrosochloride  gradually  disappeared 
and  potassium  chloride  was  precipitated  along  with  a  quantity  of 
small,  hard  crystals  of  the  imide,  which  is  only  very  sparingly  soluble 
in  cold  alcohol ;  the  solution  developed  a  pale  yellow  colour,  owing  to 
the  formation  of  a  certain  amount  of  a  yellow,  resinous  oil,  and  in 
about  four  days  the  whole  of  the  nitrosochloride  had  disappeared ; 
sufficient  water  was  added  to  dissolve  the  potassium  chloride  and 
on  filtering  there  was  left  an  almost  pure  residue  of  the  new  compound, 
which  after  two  recrystallisations  from  hot  alcohol  was  quite  pure.  On 
pouring  the  alcoholic  solution  into  a  large  volume  of  water  a  yellowish- 
white,  bulky  solid,  mixed  with  small  quantities  of  oily  matter  and  re- 
generated pinene,wasprecipitated,  from  which  after  filtering,  drying,  and 
extracting,  with  light  petroleum,  the  crude  imide  was  obtained.  The 
light  petroleum,  on  evaporation,  left  a  brown,  resinous  oil  having  an 
odour  of  turpentine,  and  after  some  time  crystals  were  deposited,  which 
when  recrystallised  twice  from  alcohol  melted  at  131°  and  gave  no  de- 
pression when  mixed  with  nitrosopinene.  From  100  grams  of  pinene 
nitrosochloride,  70  grams  of  the  crude  imide  were  obtained.  The 
imide  dissolves  moderately  in  hot  alcohol,  crystallising  in  rosettes  of 
hard  prisms  having  the  appearance  of  truncated  octahedra,  and  after 
two  recrystallisations  the  substance  is  quite  colourless  and  melts  at 
238 — 240°  with  some  previous  discoloration.  In  cold  solvents  the  new 
compouod  is  only  very  sparingly  soluble,  but  crystallises  from  hot, 
dilute  acetic  acid  in  prismatic  needles,  from  hot  methyl  alcohol  in 
small  prisms,  and  from  hot  water,  in  which  it  is  only  slightly  soluble, 
in  needles  ;  in  basic  solvents  such  as  aniline  or  pyridine,  the  imide  is 
readily  soluble  : 

0-1139  gave  0-2388  CO.  and  0-0704  H,0.  0  =  57-18;  H  =  6-96. 
0-1326  „  0-2788  OO2  „  0-0843  HgO.  0  =  57-34;  H=: 7-06. 
0-1226     „     18-2  c.c.  moist  nitrogen  at  19°  and  766  mm.  N=  17-19. 

C^gHivO^Ng  requires  0  -  57-37  ;  H  =  6-77  ;  N  =  16-73  per  cent. 

OJ2H18O3N3      „         0  =  57-14;  H  =  7-14;  N=  16-66    „       „ 

When  boiled  with  dilute  hydrochloric  or  sulphuric  acid  the 
substance  is  not  changed  and  the  solution  when  made  alkaline  does 
not  reduce  Fehling's  solution  ;  prolonged  boiling,  however,  with  con- 
centrated hydrochloric  acid  decomposes  it,  giving  oily  products,  and 
the  solution  yields  a  red  precipitate  of  cuprous  oxide  on  addition  of 
Fehling's  solution  and  caustic  alkali. 
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Action  of  Nitric  Acid. — The  imide  dissolves  readily  in  cold 
concentrated  nitric  acid  (sp.  gr.  1'42),  forming  a  colourless  liquid  with 
but  slight  development  of  heat ;  the  liquid  on  boiling  becomes  yellow 
and  a  reaction  appears  to  take  place  with  evolution  of  red  fumes  : 
addition  of  water,  however,  precipitates  the  unchanged  imide  in  fine 
needles.  This  behaviour  is  remarkable  in  a  pinene  derivative  and 
supports  the  view  that  the  substance  is  a  ureide  or  ring  compound  of 
a  very  stable  nature. 

Potassium  Salt. — 2 '5  gi'ams  of  the  imide  were  ground  to  a  fine 
powder  and  mixed  with  15  c.c.  of  cold  alcohol,  0-6  gram  of  caustic 
potash  dissolved  in  the  smallest  quantity  of  water  was  then  added  ;  the 
imide  dissolved  and  almost  immediately  a  solid,  white  mass  of  the 
potassium  salt  was  precipitated,  which,  after  filtering  and  washing 
with  a  little  absolute  alcohol,  was  dissolved  in  absolute  alcohol  and  re- 
precipitated  by  addition  of  dry  ether  : 

0-5855  gave  0-1737  K2SO4.     K  =  13-31. 

^12^16^3^3^  requires  K=  13-49  per  cent. 

The  potassium  salt  is  extremely  soluble  in  cold  water,  and  when 
carbon  dioxide  is  passed  into  the  solution  the  imide  is  precipitated  as 
a  very  bulky  mass  of  fine  needles ;  exposure  to  air  causes  the  salt  to 
decompose  slowly  owing  to  the  action  of  moisture  and  carbon  dioxide. 
It  dissolves  readily  in  warm  alcohol,  from  which  it  crystallises  in  large, 
rhombic  prisms,  but  is  insoluble  in  dry  ether. 

Sodium  Salt. — This  is  prepared  in  a  similar  manner  to  the  potassium 
salt ;  it  differs,  however,  in  being  more  soluble  in  cold  alcohol.  Addition 
of  dry  ether  precipitates  it  in  white  and  somewhat  opaque  needles. 

Action  of  Alkali. — The  imide  dissolves  very  readily  in  dilute  aqueous 
caustic  alkalis,  being  reprecipitated  by  addition  of  dilute  acids ;  if, 
however,  the  substance  is  boiled  with  30  per  cent,  aqueous  caustic 
potash,  the  liquid  acquires  a  red  colour  and  evolves  ammonia.  During 
the  course  of  the  reaction  a  crystalline  deposit  appeared  in  the  con- 
denser and  proved  to  be  nitrosopinene  (m.  p.  131°) ;  after  the  evolution 
of  ammonia  had  ceased  the  liquid  was  diluted  with  water  and  acidified 
with  hydrochloric  acid,  when  evolution  of  carbon  dioxide  and  the 
separation  of  crystalline  matter  took  place ;  the  latter  after  recrystal- 
lisation  yielded  a  considerable  quantity  of  nitrosopinene  : 

■    •     r,.       .........  ^c:noh 

Conversion  into  Finene  JSitrolamme,  CVHio<rX,^    -.^,^  • 

7    is^CMe-NHg 

Five  grams  of  the  imide  were  added  gradually  to  20  c.c.  of  concen- 
trated sulphuric  acid,  when  considerable  development  of  heat  occurred, 
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and  a  colourless  solution  was  formed  ;  on  heating  to  85°,  effervescence 
took  place  with  evolution  of  carbon  dioxide  and  formation  of  ammonium 
sulphate,  the  liquid  became  pale  yellow  and  finally  red.  After  the 
evolution  of  gas  had  ceased,  the  liquid  was  cooled  and  poured  on  to 
crushed  ice,  yielding  a  clear  solution.  Addition  of  aqueous  caustic 
soda  gave  a  ci^ystalline  precipitate  which  immediately  dissolved  in 
excess  of  the  alkali,  and  the  colour  of  the  solution  changed  from  red 
to  yellow ;  carbon  dioxide  changed  the  colour  to  red  again  and  pre- 
cipitated a  crystalline  deposit  of  fine  needles,  which,  when  filtered 
and  recrystallised  from  alcohol,  softened  at  118°  and  melted  at  123° 
with  evolution  of  gas.  Further  recrystallisation  did  not  alter  the 
melting  point,  and  the  substance  remelted  at  129 — 131°,  behaving 
exactly  like  pinene  nitrolamine  : 

0-1800  gave  24-0  c.c.  moist  nitrogen  at  20°  and  772  mm.  N  =  15.50. 
CioH^gON2  requires  N=  15'38  per  cent. 

When  mixed  with  pinene  nitrolamine,  obtained  by  the  action  of 
ammonia  on  pinene  nitrosochloride  (see  preceding  paper,  page  4), 
no  depression  of  the  melting  point  took  place.  It  forms  a  hydro- 
chloride identical  with  that  of  pinene  nitrolamine,  and  therefore  its 
identity  is  established  : 

^c:noh 

In  order  to  ascertain  whether  free  nitrogen  was  eliminated  during 
the  reaction  between  the  sulphuric  acid  and  imide,  a  weighed  quantity 
of  the  latter  was  placed  in  a  small  flask  attached  to  a  carbon  dioxide 
apparatus  and  a  nitrometer  in  the  usual  manner,  when  it  was  found 
that  the  whole  of  the  gas  expelled  on  warming  the  flask  to  100°  was 
absorbed  by  the  caustic  potash  in  the  nitrometer,  and  on  adding 
caustic  potash  to  the  diluted  sulphuric  acid  solution  in  the  flask, 
ammonia  was  evolved. 

pTT "NTTT 

Pinyl-i]/-carbamide,  CyH^g^C^  '  ,,-    -^    ^CO. 

Twenty  grams  of  the  imide  were  powdered  and  suspended  in  a 
mixture  of  75  c.c.  of  glacial  acetic  acid  and  40  c.c.  of  water,  35 
grams  of  zinc  dust  were  gradually  added  to  the  pasty  liquid,  and 
the  mixture  shaken  from  time  to  time,  the  temperature  not  being 
allowed  to  rise  above  50°.  In  a  short  time  the  liquid  became  frothy, 
owing  to  the  evolution  of  carbon  dioxide,  and  had  an  odour  recalling 
that  of  an  isocyanate.  The  elimination  of  ammonia  took  place 
simultaneously,  and  was  detected  by  addition  of  caustic  alkali  to  a 
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small  portion  of  the  solution.  When  the  liquid  had  become  quite  clear, 
it  was  heated  on  the  water-bath  for  an  hour,  and  on  adding  ammonia, 
a  bulky,  white  precipitate  of  small  needles,  mixed  with  some  oily 
matter,  was  obtained,  which  when  filtered  and  dried  gave  a  pale 
brown  product  with  an  odour  of  pepp'-rmint,  due  no  doubt  to  the 
formation  of  small  quantities  of  the  ketone  (Wallach's  pinocamphone). 

From  100  grams  of  the  imide,  60  grams  of  the  crude,  dry  pinyl-i/^- 
carbamide  were  obtained,  giving,  after  recrystallisation  from  hot  dilute 
alcohol,  aggregates  of  colourless  but  almost  opaque  prismatic  needles 
melting  at  224°  without  decomposition.  The  crystals  when  deposited 
from  the  solution  were  transparent,  but  after  separating  and  drying 
in  the  desiccator  became  opaque,  probably  due  to  loss  of  solvent  of 
crystallisation  : 

0-1121  gave  0-2782  CO2  and  0-0940  HgO.     C  =  67-67;  H  =  9-31. 

0-1798     „     22-6  c.c.  moist  nitrogen  at  17°  and  758  mm.    N  =  14-61. 
CjiHigONg  requires  C  =  68-04  ;  H  =  9-26  ;  N  =  14  43  per  cent. 

The  pseudoca,rhsiTnide  is  readily  soluble  in  hot  water,  methyl  alcohol 
or  acetic  acid,  sparingly  so  in  chloroform  or  ether,  whilst  in  light 
petroleum  it  is  almost  insoluble.  Cold  concentrated  sulphuric  acid 
dissolves  the  joseMC?ocarbamide, '  which  is  reprecipitated  by  ammonia. 
When  heated  with  30  per  cent,  aqueous  caustic  potash  no  ammonia 
was  evolved,  the  substance  appearing  quite  unchanged.  The  very 
stable  nature  of  the  ^^sewrfocarbamide  is  further  emphasised  by  the 
fact  that,  when  heated  in  a  dry  test-tube,  it  sublimes  and  condenses 
in  small  leaflets  on  the  sides  of  the  tube. 

Reduction  of  the  Imide  hy  Glacial  Acetic  Acid  and  Zinc. 

In  the  first  experiments  on  the  reduction  of  the  imide  it  was 
noticed  that  if  glacial  acetic  acid  and  zinc  dust  were  used,  a  white, 
crystalline,  but  very  insoluble  compound  separated  from  the  liquid, 
and  although  a  certain  amount  of  the  josewtZocarbamide  was  produced, 
it  was  largely  contaminated  with  this  insoluble  substance.  Thirty 
grams  of  the  imide  were  suspended  in  200  c.c.  of  glacial  acetic  acid 
and  40  grams  of  zinc  dust  gradually  added  with  shaking ;  after  a  short 
time  an  almost  clear  solution  resulted,  and  the  reaction  was  com- 
pleted by  heating  for  several  hours  on  the  water-bath.  Water  was 
then  added  to  dissolve  zinc  acetate,  and  the  liquid  on  being  decanted 
from  the  zinc  residues  contained  the  insoluble  matter  in  suspension  ; 
after  filtration  and  washing  with  water,  a  colourless,  crystalline  com- 
pound was  left  which  was  insoluble  in  boiling  alcohol  or  other  solvents, 
except  hot  acetic  acid,  from  which  it  crystallised  on  cooling  in  small, 
hard  prisms  which  did  not  melt  below  300°. 

The  filtered  liquid  when  poured  into  water  gave  a  further  quantity 
VOL.   XCI.  C 
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of  the  insoluble  substance,  and  after  filtration  and  addition  of  ammonia 
a  crystalline  deposit  of  the  jiseudocavhuvnide  was  obtained  : 

0-1282  gave  0-3000  COg  and  0-1026  H^.     0  =  6382;  H  =  8-89. 

0-1418     „     15-7  c.c.  moist  nitrogen  at  19°  and  753  mm.    N  =  12-59. 
C12H20O2N2  requires  C  =  64-28  ;  H  =  8-92  ;  N  =  12-50  per  cent. 

When  this  substance  was  heated  in  the  water-oven,  acetic  acid  was 
given  off,  and  after  being  dried  at  100°  it  lost  10  per  cent,  of  its 
weight ;  the  whole  of  the  acetic  acid,  however,  was  not  evolved, 
because  on  warming  a  small  portion  of  the  dried  substance  in  a  test- 
tube  the  pungent  and  characteristic  odour  was  noticed. 

This  compound  is  insoluble  in  dilute  acids  and  alkalis,  but  dissolves 
in  concentrated  sulphuric  or  nitric  acid,  and  on  dilution  is  precipitated 
unchanged.  Reduction  of  the  imide  by  alcoholic  hydrochloric  acid  and 
zinc  dust  also  yielded  small  quantities  of  the  same  insoluble  com- 
pound, and  it  is  hoped  that  further  investigation  will  elucidate  its 
constitution. 

CH*N(NO) 
Pinylnitroso-ij/-carbamide,  C^Ilj^<^^      ^00. 

Twenty  grams  of  the  pseudocdrhsimide  were  made  into  a  paste  with 
water  and  mixed  with  200  c.c.  of  water  and  20  c.c.  of  concentrated 
hydrochloric  acid,  the  liquid  was  cooled  to  0°  by  the  addition  of  crushed 
ice,  and  10  grams  of  sodium  nitrite  added  in  small  portions  at  a  time 
with  stirring.  The  j^semZocarbamide  was  rapidly  attacked,  and  a  pale 
yellow,  bulky  solid  was  precipitated ;  after  standing  for  an  hour  the 
liquid  was  filtered,  when  19  grams  of  a  bright  sulphur-yellow  nitroso- 
compound  were  obtained  which  crystallised  from  alcohol  in  small, 
yellow,  hexagonal  plates  with  a  distinct  red  lustre  when  viewed  by 
reflected  light : 

0-1127  gave  0-2436  00.^  and  0-0798  H2O.     C  =  58-95;  H  =  7-86. 

0-1072     „     17-4  c.c.  moist  nitrogen  at  17°  and  754  mm.    N  =  18-68. 
CVH^^O.^Ng  requires  0  =  59-19  ;  H  =  7-62  ;  N=  18-83  per  cent. 

The  nitroso-i/^-carbamide  gives  the  Liebermann  reaction  in  all  its 
stages,  but  so  far  its  action  towards  aniline  has  not  been  studied  ;  it  is 
readily  soluble  in  methyl  or  ethyl  alcohol,  from  which  it  crystallises  in 
plates  ;  it  dissolves  in  chloroform  or  acetic  acid,  being  precipitated  from 
the  former  by  light  petroleum  in  clusters  of  needles ;  in  warm  benzene 
it  is  only  moderately  soluble,  and  very  sparingly  so  in  light  petroleum. 

Action  of  Caustic  Alkali. — The  nitroso-i/'-carbamide  dissolves  in 
10  per  cent,  alkali,  giving  a  colourless  solution,  and  on  addition  of  a 
concentrated  solution  of  the  alkali  the  sodium  salt  is  precipitated  in 
pearly  leaves,  which,  after  filtration,  washing  with  a  little  alcohol,  and 
drying  on  a  porous  plate,  yield  a  colourless  but  impure  substance.     If, 
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however,  the  nitroso-compound  is  warmed  witli  25  per  cent,  aqueous 
caustic  soda  it  partially  dissolves,  and  on  f uither  warming  a  yellow  oil 
appears  with  evolution  of  gas ;  the  liquid  has  a  camphoraceous  odour, 
and  on  cooling  yields  a  semi- solid,  crystalline  mass  ;  addition  of  dilute 
sulphuric  acid  with  a  few  drops  of  starch  and  potassium  iodide  solution 
gives  an  intense  blue  colour,  showing  that  nitrous  acid  has  been  with- 
drawn from  the  nitroso-i/^-carbamide.  The  investigation  of  the  pro- 
ducts of  the  reaction  is  not  yet  complete. 


Action  of  Light  on  the  A^itroso-\}/-carbamide. 

When  freshly  prepared  the  nitroso-compound  is  yellow  with  a 
delicate  pink  reflex ;  it  was  noticed,  however,  that  if  left  exposed  to 
light  and  air  the  crystals  soon  developed  a  bright  green  colour.  Some 
experiments  were  therefore  made  in  order  to  ascertain  to  what  cause 
this  change  of  colour  is  due.  When  the  nitroso-i/'-carbamide  is 
spread  out  in  a  thin  layer  on  a  flat-bottomed  dish,  covered  with  a 
clock  glass,  and  exposed  to  sunlight,  the  colour  of  the  crystals 
changes  in  the  course  of  a  few  minutes  to  a  bright,  opalescent  green 
and  after  some  time  to  a  deeper  tint ;  examined  by  the  lens,  the 
surface  of  the  crystals  appears  quite  bright  and  the  colouring  uniform, 
but  after  exposure  for  some  hours  the  green  tint  begins  to  fade  and 
the  surface  becomes  white  and  opaque.  The  crystals  lose  their  trans- 
parent character  and  finally,  after  about  a  week's  exposure,  they 
become  dull  yellow,  further  exposure  causing  no  alteration. 

The  melting  point  of  the  pure  nitroso-i/^-carbamide  is  161°,  but  after 
exposure  the  crystals  did  not  melt  until  190°  was  reached,  and  then 
after  considerable  previous  softening.  On  examination  under  the 
microscope,  the  crystals  were  no  longer  blight  and  transparent,  but 
of  a  dull  uniform  yellow  colour,  the  surface  of  the  crystals  appear- 
ing "  pitted  "  as  if  gas  had  escaped  and  minute  crystals  had  grown  on 
the  surface  of  the  larger  ones,  whilst  the  angles  had  lost  their  sharp 
and  well-defined  character.  The  product  obtained  after  exposure 
differed  from  the  nitroso-i/^-carbamide  in  being  insoluble  in  dilute 
caustic  alkalis  and  in  not  giving  the  Liebermann  reaction  ;  after 
recrystallisation  from  dilute  alcohol  the  melting  point  gradually  rose 
to  222°,  and  on  mixing  with  the  pinyl-i/^-carbamide  no  depression  was 
observed.  In  order  to  prove  its  identity  with  the  latter  substance, 
a  small  quantity  of  the  recrystallised  product  was  added  to  crushed 
ice  mixed  with  a  little  dilute  hydrochloric  acid ;  addition  of  sodium 
nitrite  precipitated  the  original  nitroso-i/'-carbamide  melting  at  161°. 

The  fact,  therefore,  that  the  nitroso-i^-carbamide  eliminates  the 
nitroso-group  when  exposed  to  light  is  proved  ;  it  appears  probable, 

C  2 
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however,  that  this  change  is  brought  about  by  the  action  of  moisture, 
causing  hydrolysis  : 

^'H.4MS>-^H.O  =  0,H.4f-->0O.HKO.. 

This  hypothesis  was  tested  by  placing  a  small  quantity  of  the 
nitroso-compound  in  a  test-tube  with  two  or  three  c.c.  of  distilled 
water,  and  a  few  drops  of  potassium  iodide  and  stai'ch  solution,  but 
no  colour  appeared  after  several  hours ;  on  repeating  the  experiment 
with  the  addition  of  one  drop  of  dilute  sulphuric  acid,  the  blue  colour 
appeared  in  a  few  minutes. 

Finyl-if/semicarbazide,  CyH^g^pnir  V>CO. 

Twenty  grams  of  the  nitroso-i/^-carbamide  were  made  into  a  paste 
with  20  c.c.  of  water,  and  mixed  with  150  c.c.  of  water  and  sufficient 
crushed  ice  to  reduce  the  temperature  below  5°.  Twenty-five  c.c.  of 
glacial  acetic  acid  were  added,  and  25  grams  of  zinc  dust  stirred  in 
gradually,  together  with  more  ice  if  necessary.  The  yellow  nitroso- 
compound  dissolved  slowly,  forming  a  clear  solution,  and  after  half- 
an-hour  had  elapsed  10  c.c.  of  acetic  acid  were  added,  the  re- 
duction being  complete  in  about  two  hours.  The  liquid  was  then 
filtered  from  zinc  and  evaporated  to  500  c.c.  The  acetic  acid,  after 
being  partially  neutralised  by  addition  of  concentrated  ammonia,  caused 
the  precipitation  of  brown,  viscid  matter,  and  after  filtration  a  nearly 
colourless  liquid  was  obtained,  from  which  by  further  addition  of 
ammonia  the  j9sei<c?osemicarbazide  was  precipitated  in  a  fairly  pure 
condition.  From  20  grams  of  the  nitroso-^-carbamide,  9  grams  of  the 
j9sewo?osemicarbazide  were  obtained,  which  crystallised  from  hot  alcohol 
in  colourless,  small,  rhombic  prisms  melting  at  209°.  The  specimen 
analysed  was  dried  at  100°  for  half-an-hour  : 

0-1360  gave  0-3138  COg  and  0-1158  HgO.     0  =  62-92  ;  H  =  9-46. 
0-1074     „     19-2  c.c.  moist  nitrogen  at  19°  and  752  mm.    N  =  20-32. 

C11H19ON3  requires  0  =  63-15  ;  H  =  9-09  ;  X  =  2009  per  cent. 
The  josewcZosemicarbazide  dissolves  readily  in  warm  methyl  or  ethyl 
alcohol,  chloroform,  or  acetic  acid,  and  moderately  in  warm  acetone  or 
benzene,  crystallising  from  the  latter  in  transparent  plates ;  it  is 
sparingly  soluble  in  ether,  and  insoluble  in  light  petroleum,  and  crys- 
tallises from  water  in  tufts  of  minute  needles.  Towards  ammoniacal 
silver  nitrate  it  acts  as  a  powerful  reducing  agent,  giving  a  black 
deposit  of  metallic  silver  in  the  cold  ;  with  Fehling's  solution,  however, 
no  action  takes  place,  but  on  warming  a  copious  precipitate  of 
cuprous  oxide  is  deposited,  evolution  of  gas  occurs,  and  an  oil 
separates,   having  at    first  an  odour  of  peppermint   (probably   pino- 


LEACH:    A   PSEUDO-SEMICARBAZIDE   FROM   PINENE.  21 

camphone)  and,  after  the  lapse  of  a  few  minutes,  distinctly  that  of 
carvone.  This  reaction  appears  to  be  similar  to  that  observed  by 
Forster  and  Fierz  (Trans.,  1905,  87,  727),  who  found  that  oxidation 
of  camphoryl-i/'-semicarbazide  with  Fehling's  solution  gave  rise  to 
camphor. 

Ferric  chloride  added  to  a  cold  alcoholic  solution  of  the  ij/-semi-^ 
carbazide  caused  a  slight  evolution  of  gas  which  became  much  more 
brisk  on  warming ;  addition  of  water  precipitated  a  white,  crystalline 
substance. 

The  ^sewfZosemicarbazide  did  not  give  a  platinichloride,  for  on 
warming  the  solution  became  dark,  evolved  gas,  and  yielded  a  tarry 
residue  with  an  odour  of  turpentine  ;  in  this  respect  the  pseudosem.i- 
carbazide  of  pinene  behaves  like  semicarbazide  itself  (Thiele  and 
Stange,  Annalen,  1894,  283,  21). 

The  hydrochloride  was  obtained  by  passing  dry  hydrogen  chloride 
into  a  solution  of  the  /^seitc^osemicarbazide  in  ether,  a  finely-divided, 
crystalline  precipitate  separated,  and  when  filtered  and  recrystallised 
from  absolute  alcohol  was  deposited  in  thin,  lustrous  plates  decomposing 
indefinitely  at  250°  : 

0-3978  dissolved  in  water  required  16'4  c.c.  iY/lO  AgN03.  CI  =  14-58. 
Cj^HgoONgCl  requires  CI  =  14-45  per  cent. 

No  indicator  need  be  used  in  the  titration  because  the  slightest 
excess  of  silver  is  shown  by  the  solution  turning  black,  owing  to  the 
strong  reducing  action  of  the  ^seMfZosemicarbazide.  Towards  hot 
concentrated  hydrochloric  acid  the  base  is  quite  stable,  the  hydro- 
chloride being  deposited  on  cooling. 

Copper  Nitrate  Double  Salt. — The  base,  dissolved  in  the  least  quantity 
of  dilute  nitric  acid,  was  added  to  a  concentrated  solution  of  copper 
nitrate  in  absolute  alcohol ;  from  the  green  solution  bright  blue  needles 
were  deposited,  and  after  recrystallisation  from  hot  water  the  cupri- 
nitrate  was  obtained  in  tufts  of  blue  needles  decomposing  about  175°  : 

0-1760  gave  0-0194  CuO.     Cu  =  8-79. 

(CiiHi90N3,HN03),,Cu(N03)2  requires  Cu  =  8-68  per  cent. 

The   Pinyl-\p-semicarbazones. 

Pinyl-i/^-semicarbazide  combines  with  aldehydes  and  ketones  with 
great  readiness ;  with  acetone,  however,  no  condensation  product  has 
been  obtained. 

The  base  is  dissolved  in  dilute  acetic  acid,  diluted  largely  with 
water  and  the  requisite  quantity  of  the  aldehyde  or  ketone,  also  dis- 
solved in  dilute  acetic  acid,  added.  The  liquid  becomes  turbid,  and  on 
gently  warming  the  ^;seWosemicarbazone  separates,  often  as  a  viscid 
oil,  soon  becoming  crystalline,  or  directly  in  a  crystalline  condition. 
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With  the  exception  of  the  quinone-i/^-semicarbazone,  there  appears  to 
be  little  or  no  tendency  to  combine  with  the  solvent  such  as  was 
exhibited  in  the  case  of  the  corresponding  camphoryl  derivatives 
(Forster  and  Fierz,  Trans.,  1905,  87,  725) ;  the  quinone  compound, 
however,  retains  one  molecule  of  water,  which  is  not  lost  in  the 
desiccator,  but  on  heating  to  100°  is  completely  eliminated, 
Benzylidene  Pinyl-il/semicarbazone, 

is  precipitated  by  the  addition  of  benzaldehyde  to  the  solution  of  the 
base  in  dilute  acetic  acid.  It  crystallises  from  alcohol  in  rhombic 
prisms  which  melt  at  180'^,  remelting  at  the  same  temperature.  It 
dissolves  readily  in  cold  chloroform,  and  is  reprecipitated  by  light 
petroleum  in  colourless,  rhombic  prisms;  it  dissolves  readily  in  cold 
acetic  acid,  but  is  much  less  soluble  in  ether  and  almost  insoluble  in 
light  petroleum  : 

0-H91  gave  18*4  c.c.  moist  nitrogen  at  18°  and  770  mm.  N  =  14-45. 
CjgHggONg  requires  N=  14-14  per  cent. 

The  benzylidene  derivative  is  insoluble  in  dilute  hydrochloric  acid, 
but  when  heated  hydrolysis  takes  place,  giving  a  strong  odour  of 
benzaldehyde. 

Salicylidene  Pini/l-il/semicarbazone, 

CH  /Ch-n(n:ch-c,h,.oh) 

'"i^<CMe NH>^^' 

when  crystallised  from  hot  alcohol,  in  which  it  is  only  moderately 
soluble,  yields  small,  bard,  rhombic  prisms  melting  at  252°.  It 
is  moderately  soluble  in  chloroform,  methyl  alcohol,  or  acetic  acid, 
sparingly  so  in  warm  benzene  and  insoluble  in  light  petroleum  : 

0-1522  gave  176  c.c.  moist  nitrogen  at  18°  and  770  mm.  N=  13-51. 
CjgH.jgO^Ng  requires  N=  13-41  per  cent. 

The  salicylidene  derivative  dissolves  in  dilute  aqueous  caustic 
potash,  and  is  reprecipitated  on  addition  of  dilute  hydrochloric  acid. 
The  alcoholic  solution  with  ferric  chloride  gives  an  intense  green 
coloration,  which  is  not  altered  by  dilute  hydrochloric  acid. 

va-Nitrohenzylidene  Pinyl-ip-semicarbazone, 

separated  from  the  solution  as  a  yellow,  viscid  solid,  which  soon 
hardened  and  crystallised.  lb  dissolves  sparingly  in  nearly  all  solvents, 
forming  yellowish-green  solutions ;  from  hot  alcohol  it  crystallises  in 
pale    yellow,  small,    hard    pi'isms    melting    at  216°.       On    cooling,   it 
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solidifies  to  a  clear,  glassy  mass,  then  crystallises,  and  on  reheating 
melts  at  a  lower  temperature  : 

01056  gave  15  c.c.  moist  nitrogen  at  175°  and  765  mm.  N  =  16'54. 
CjgHggOgN^  requires  N  =  16-37  per  cent. 

T^-Methoxyhenzylidene  Finyl-{j/-semicarbazone, 

separates  from  hot  alcohol  in  transparent  and  well-defined  rhombic 
prisms  melting  at  224 — 225%  and  remelts  at  the  same  temperature. 
It  dissolves  readily  in  warm  alcohol,  chloroform,  or  acetic  acid,  and  is 
sparingly  soluble  in  warm  ether  or  light  petx-oleum,  crystallising  from 
the  latter  in  small  clusters  of  prisms ;  from  dilute  acetic  acid  clear 
flat  prisms  were  deposited,  but  the  odour  of  the  aldehyde  was 
distinctly  noticeable  in  the  liquid,  owing  no  doubt  to  a  partial 
hydrolysis  : 

0-1622  gave  18-7  c.c.  moist  nitrogen  at  23°  and  771  mm.  N=  13-16. 
C19H07O2N3  requires  N  =  12-79  per  cent. 

Ginnamylidene  Pinyl-\p-semicarbazone, 

crystallises  from  hot  alcohol  in  small,  colourless  prisms  melting  at  236° 
with  slight  discoloration.  It  dissolves  sparingly  in  cold  methyl  or 
ethyl  alcohols,  but  readily  in  the  warm  solvents,  and  crystallises 
from  the  former  in  transparent,  four-sided  prisms ;  it  is  soluble  in 
chloroform  or  warm  benzene,  but  sparingly  so  in  ether  or  light 
petroleum  : 

0-1504  gave  17-2  c.c.  moist  nitrogen  at  21°  and  766  mm.  N  =  13-12. 
C20H25ON3  requires  N  =  13-00  per  cent. 

PTT'N^N'O  IT  O^ 

Qioinone    Pinyl-\li-semicarhazone,     C7H,2<'A,,  ___*_!_xt  u  ^^^- — 

U  Me !N  H 

Addition  of  the  quinone  to  the  base  caused  the  immediate  separation  of 

a    bulky,   brown  crystalline    precipitate    from    the  deep  red  solution. 

When  crystallised  from  alcohol,  dark  yellow  needles  are  formed,  which 

decompose  at   194°  with  evolution   of  gas.     The  substance   dissolves 

readily  in  chloroform,  methyl  or  ethyl  alcohol,  or  acetone,  giving  deep 

orange-coloured   solutions  ;   it  is   sparingly  soluble  in   ether  or  light 

petroleum,  giving  bright  yellow  solutions ;  it  dissolves  also  in  warm 

dilute  caustic  potash  to  an  orange-coloured  solution,  and  on  addition 

of  dilute  hydrochloric  acid  a  deep  green  precipitate  is  obtained.    When 

heated  to  100°,  the  colour  changes  from   yellow  to   orange,  and  the 

compound  loses  weight  corresponding  to  one  molecule  of  water ;  two 

separately  prepared  specimens  were  analysed  : 
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0-1644  gave  19-2  c.c.  moist  nitrogen  at  22°  and  770  mm.  N  =  13-40. 
0-1480     „     17-3  c.c.  „  ir    „    766     „     N=  13-54. 

0-2126  lost  0-0118  at  100°;  H20  =  5-55. 

CiyH^jOgNg  requires  N  =  14-04  per  cent. 
Ci-HoiOgNg^oO        „        N  =  13-24  ;  H2O  =  5-67  per  cent. 
Acetone    Pinyl-\p-semicarhazone. — Addition  of   acetone  to  the  dilute 
acetic  acid  solution  of  the  base  gave  no  precipitate  on  warming ;  in 
dilvite  ammoniacal  solution  an  oil  separated,  from  which,  on  standing, 
the  /JseMcZosemicarbazide  crystallised. 

Action  of  Nitrous  Acid  on  the  Hydrochloride  of  tlie  pHeudo-Semicarbazid^. 

The  hydrochloride  was  dissolved  in  water  and  cooled  to  0°  by  the 
addition  of  ice,  and  exactly  one  molecular  proportion  of  sodium  nitrite 
was  added.  The  liquid  became  turbid,  and  a  white,  crystalline  pre- 
cipitate of  the  pseudoGAvharaide  separated  : 

^^^^^<CMe-NH>^^  +  N^O  +  H,0. 
The  presence  of  the  nitrous  oxide  was  not  proved.  When  the 
psettofoseinicarbazide  was  dissolved  in  dilute  nitric  or  hydrochloric 
acid  and  sodium  nitrite  added,  a  white  precipitate  separated  at  first, 
and  soon  afterwards  a  yellow  oil  which  crystallised,  and  on  examination 
proved  to  be  the  nitroso-t/'-carbamide  melting  at  161°. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


III. — The  Liquid  Volume  of  a  Dissolved  Substance. 

By   John  Scott   Lumsden. 

The  following  investigation  was  undertaken  in  order  to  obtain  some 
information  regardiag  the  volume  assumed  by  a  solid,  liquid,  or  gas 
when  dissolved  in  a  liquid  on  which  it  exerts  no  chemical  action. 

It  is  well  known  that  the  values  determined  for  atomic  volumes  and 
atomic  refractions  from  experiments  made  on  pure  liquids  hold  with 
fair  accuracy  when  applied  to  solids  and  liquids  in  solution ; 
and  the  inference  is,  that  a  liquid  retains  its  own  volume  when 
dissolved  and  that  a  solid  assumes  in  solution  the  volume  which  the 
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same  weight  would  have  if  it  existed  as  a  liquid  at  the  same 
temperature. 

If  that  inference  is  correct,  or  if  it  can  be  proved  to  vary  from 
exactness  in  a  rational  manner,  a  law  of  the  liquid  volume  of  a  dis- 
solved substance  is  revealed  and  the  experimental  results  here 
recorded  show  that  there  is  such  a  law,  which  holds,  not  only  for  the 
volume  assumed  by  a  solid  or  liquid,  but  also  for  the  volume  taken 
by  a  dissolved  gas. 

At  the  beginning  of  the  investigation  it  was  found  necessary  to 
exclude  from  consideration  solutions  in  which  water  was  the  solvent, 
since  solution  in  water  is  of  the  nature  of  combination  and  is  always 
accompanied  by  a  marked  shrinking  in  volume ;  a  further  contraction 
also  occurs  if  the  dissolved  substance  becomes  ionised. 

The  first  experiments  were  designed  to  prove  that  a  dissolved 
substance  behaves  as  a  liquid  and  does  not  undergo  any  sudden 
change  in  volume  as  the  temperature  is  raised  above  its 
normal  melting  point  or  boiling  point.  A  number  of  substances  of 
widely  different  composition  were  chosen  ;  these  were  dissolved  in 
various  solvents  and  the  volume  of  the  molecular  weight  in  grams  of 
each  substance  was  measured  at  several  temperatures.  A  quantity  of 
substance  was  weighed  in  a  short-necked,  stoppered  flask,  the  solvent 
was  added  and  the  flask  was  reweighed.  A  pyknometer  was  filled  with 
the  solution  obtained  in  this  way  by  inserting  the  point  of  the  instru- 
ment into  the  flask  and  withdrawing  the  liquid,  and  a  similar  pykno- 
meter was  filled  with  the  solvent.  The  pyknometers  were  then  placed 
together  in  a  thermostat  and  after  remaining  a  suflicient  time  at  the 
desired  temperature  they  were  removed,  dried,  and  weighed.  The 
capacity  of  each  pyknometer  was  carefully  determined  at  several 
temperatures  and  by  interpolation  the  capacity  at  any  desired 
temperature  was  obtained.  All  the  weighings  were  corrected  to  the 
weight  in  a  vacuum  and  the  densities  are  referred  to  water  at  4°, 
thus  making  the  number  which  expresses  the  molecular  volume 
represent  also  the  volume  in  cubic  centimetres  of  the  molecular  weight 
in  grams  of  the  substance  at  the  temperature  given. 

The   molecular  volume  in    solution    was    calculated    by    the    usual 

]\[  ■\-  s  s 

formula  :     Vm    =   —    - ,    where    M  is    the    molecular  weight 

D  d 

of  the  substance,  D  the  density  of  the  solution,  d  the   density  of  the 

solvent,  and  s  the  weight  of  the  solvent  used  to  dissolve  the  molecular 

weight  in  grams  of  the  substance. 
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Moleculdv  Vohitne  of  J\'apht/ia'eiie  in  l^oluene. 

2-7933  grams  of  iiaphUialene  were  dissolved   in    19-721G   grams  of 
toluene  : 


Sp.  gr. 

Vol.  of  128 

g.  naplitliiilenc. 

Sp.  gr. 

r 

Temp. 

toluene. 

solution. 

In  solution. 

As  li([ui(l. 

15' 

0-8706 

0-8885 

123-28 

— 

25 

0-8612 

0-8791 

124-25 

— 

40 

0-8476 

0-8653 

126-05 

(79-9°) 

60 

0-8296 

0-8473 

128-42 

130-92  * 

80 

0-8113 

0  8287 

131-05 

(98-4°) 

100 

0-7931 

0-8104 

133-64 

133-04  t 

*  Scliifr,  AnnaUn,  1884,  223,  261. 
t  Nasini,  Gazzetta,  1885,  15,  84. 


Molecular  Volume  of  Phenylacetic  Acid  in  Toluene. 
3-1889  grams  of  acid  were  dissolved  in  19-6646  grams  of  toluene  : 

Vol.  of  136-08  g.  acid. 


Temp. 

Sp.  gr. 
toluene. 

Sp.  gr. 
solution. 

In  solution. 

As  lif|ui(l. 

15° 
25 
40 

0-8706 
0-8612 
0-8476 

0-8998 
0-8906 
0-8770 

119-91 
120-60 
122-04 

* 

(76-6°) 
125-50 

60 

0-8296 

0-8590 

123-84 

(86-2°) 

80 

0-8113 

0-8405 

125-88 

126-41 

100 

0-7931 

■    0-8223 

127-90 

(89-5°) 
126-73 

Schiff,  Annalcn,  1884,  223,  260. 


Molecular  Volume  of  Thymol  in  Benzene. 

2-0108    grams    of    thymol    were   dissolved    in    14-1864     grams     of 
benzene  : 

Vol.  of  150  g.  thymol. 


Temp. 

Sp.  gr. 
benzene. 

Sp.  gr. 
solution. 

In  solution. 

As  liquid. 

15° 

0-8846 

0-8943 

154-74 

* 

25 

0-8742 

0-8842 

156-01 

(  49-3°) 
157-91 

35 

0-8639 

0-8740 

157-50 

45 

0-8536 

0-8638 

158-99 

(58-3°) 
159-08 
(64°) 

55 

0-8432 

0-8535 

160-58 

65 

0-8328 

0-8432 

162-26 

159-78 

Sclulf,  Annalcn,  1884,  223,  259. 
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Molecular  Volume  of  Dichlorobenzene  in  Carbon  Tttrachloi'ide. 

2-0677    grams   were  dissolved  in  30-3615    grams  of    carbon  tetra- 
chloride : 


Sp.  gr. 

Sp.  gr. 

Vol 

of  146-9  g 

dichlorobenzene. 

^"^ 

Temp. 

C'Cl^. 

solution. 

In  solution. 

As  liquid. 

15° 

1-6039 

1-5794 

113-93 

— 

25 

1-5840 

1-5608 

114-77 

— 

35 

1-5652 

1-5425 

115-48 

(53°) 
117-53 

(63°) 
118-36 

45 

1-5462 

1-5244 

116-33 

55 

1-5275 

1-5065 

117-18 

65 

1-5075 

1-4876 

117-95 

*  ScliiiF,  Annalen,  1884,  223,  263. 

Molecular  Volume  of  o-N'drophenol  in  Chloroform. 

1-1628  grams  of  nitrophenol  were  dissolved  in   12-9120  grams  of 
chloroform  : 

Vol.  of  139  g.  nitrophenol. 


Temp. 

Sp.  gr. 
CHCI3. 

Sp.  gr. 
solution. 

r 

In  solution. 

As  li(iuiJ. 

15° 

1-4898 

1-4774 

102-80 

* 

25 

1-4721 

1-4605 

103-56 

(35°) 
106-48 

35 

1-4531 

1-4423 

104-31 

(45-2°) 

45 

1-4344 

1-4247 

105-06 

107-38 

55 

1-4163 

1-4071 

105-91 

(o5  ) 
108-29 

*  Schiff,  Annalen,  1884,  223,  263. 

Molecular  Volume  of  Chloroform  in  Toluene  '. 

Vol.  of  119-4  g.  chloroform. 


Temp. 
40° 
60 
80 

Sp.  gr. 

toluene. 

0-8472 

0-8290 

0-8105 

Sp.  gr. 
solution. 
0-9647 
0-9427 
0-9203 

In  solution. 
82-98 
85-39 
88-02 

As  li(|uid. 
(20°)  80-21 
(40  )  83-33 
(60  )  84-62 

*  Thorpe,  Trans.,  1880,  37,  196. 

Molecular  Volume  of  Bromine  in  Carbon  Tetrachloride. 
3*4716  grams  of  bromine  were  dissolved  in  28*3596  grams  of  CCl^ 

Vol.  of  79-96  g.  bromine. 


Sp.  gr. 

Sp.  gr. 

A 

Temp. 

CCI4. 

solution. 

In  solution. 

As  liquid. 

40° 

1-5555 

1-6379 

27-70 

26-22  * 

50 

1  -5362 

1-6178 

27-98 

26-52 

60 

1-5173 

1-5981 

28-27 

26-83 

70 

1-4969 

1-5769 

28-57 

— . 

75 

1-4892 

1-5687 

28-74 

— 

Thorpe,  Trans.,  1880,  37,  174. 
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Molecular  Volume  of  Naphthalene  in  Quinoline  : 

Vol.  of  128  g.  naphthalene. 


Temp. 

Sp.  gr. 
quinoline. 

Sp.  gr. 
solution. 

In  .solution. 

As  liquiii. 

15° 

1-0978 

1-0887 

123-73 

^ 

40 
80 

1-0785 
1-0478 

1-0691 
1-0378 

126-40 
130-85 

(79°) 
130-34 
(130-7^) 

120 
160 

1-0150 
0-9826 

1-0057 
0-9735 

134-61 
139-20 

136-78 
(173-8°) 
141-99 

200 

0-9489 

0-9394 

144-93 

(193-6°) 

220 

0-9319 

0-9234 

146-56 

143-37 
(217°) 
147-57 

*  Lossen  and  Zander,  Annalen,  1884,  225,  111. 

These  molecular  volumes  are  represented  by  curve.s  on  the 
accompanying  diagram  and  the  continuity  of  the  curves  makes  it 
apparent  that  with  rise  of  temperature  the  increase  of  volume  is 
regular  and  that  no  breaks  occur  at  the  normal  melting  points  or 
boiling  points  of  the  dissolved  substances.  Liquids,  such  as  bromine 
and  chloroform,  when  in  solution  were  raised  to  temi^eratures  above 
their  boiling  points,  but  their  volumes  did  not  undergo  any  sudden 
change  ;  similarly,  solids  such  as  naphthalene  and  thymol  when  in 
solution  were  raised  to  temperatures  above  their  melting  points,  but 
their  curves  of  volume  are  continuous  ;  and  in  the  example  given  of 
a  solution  of  naphthalene  in  quinoline,  the  change  of  temperature 
includes  the  regions  at  which  the  naphthalene  normally  exists  as  solid, 
liquid,  and  gas,  yet  there  are  no  breaks  in  the  curve  of  volume.  In 
solution  there  is,  therefore,  only  one  phase,  namely,  the  liquid  phase,  and 
a  substance  in  solution  at  any  temperature  behaves  as  a  simple  liquid. 

The  next  point  on  which  information  was  sought  was  the  relation 
between  the  volume  of  a  pure  liquid  and  its  volume  when  dissolved. 

The  substances  employed  in  the  foregoing  experiments  had  in  every 
case  been  examined  by  previous  workers  and  their  volumes  determined 
in  the  liquid  state  at  several  temperatures.  From  these  measurements, 
the  molecular  volumes  were  calculated,  and  the  values  obtained  are  given 
in  the  last  columns  of  the  preceding  tables  and  are  indicated  on  the 
volume  diagram  by  dotted  lines.  It  is  seen  that  naphthalene  and 
phenylacetic  acid  dissolved  in  toluene  have  volumes  in  solution 
almost  identical  with  their  volumes  as  pure  liquids  ;  bromine  in  carbon 
tetrachloride,  thymol  in  benzene,  and  chloi-oform  in  toluene  show 
greater  volumes  in  solution,  whilst  nitrophenol  in  chloroform  and 
dichlorobenzene  in  carbon  tetrachloride  have  smaller  volumes  when 
dissolved. 

Two  liquids  may  therefore  be  mixed  without  any  change  of   volume 
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taking  place,  but  usually  mixing  is  attended  either  by  a  small  con- 
ti\action  or  a  small  expansion. 

Some  very  accurate  experiments  on  the  mixing  of  carefully  purified 


Fig.  1. 
Molecular  volumes  of  various  substances  in  solution. 
T 


10°       20°        30=        40"        50°        60°        70''        80°       90°        100° 


liquids  are  recorded  by  Young  and  Fortey  (Trans.,  1902,  81,  742  and 
772;  1903,  83,  45),  and  by  Thorpe  and  Rodger  (Trans.,  1897,  71, 
367),  and  in  oi-der  to  indicate  the  extent  of  the   change  of  volume 
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accompanying    mixing,    I    give    the    measurements  made     by    these 
investigators  : 

Instead  of    Ob- 

Mixtuies  of                                                Vohimcs.  100  c.c.  servers. 

Toluene  and  etliylbenzenc  Eciuinioleeular  99-966  Y.  &  F. 

Hexane  and  octane  ,,  99-966         ,, 

Carbon  tetrachloride  and  benzene  ,,  99-849         ,, 

,,     methyl  alcohol ...                     ,,  99-820 

Ethyl  acetate  and  ethyl  propionate    ,,  100-015         ,, 

Benzene  and  toluene ,,  100-161         ,, 

Chlorobenzene  and  bromobenzene ..                     ,,  lOO'OOO         ,, 

Benzene  and  ethyl  alcohol  31  per  cent,  alcohol  lOO'OOO         ,, 

Ether  and  chloroform  84  per  cent.  99  '1 85  T.  &  K. 

chlorofuim 

Carbon  disulphide  and  methyliodide    78-4  per  cent.  100-217         ,, 

methyl  iodide 


150 
140 
130 
120 


Fig.  2. 
Molecular  volume  of  naphthalcae  in  quinoline. 


^ 

n^ 

len^ 

pool;^ 

^ 

^ 

""^ 

'  Mp 

79' 

50° 


100° 


ISO" 


200° 


In  no  case  do  these  measurements  by  Young  and  Fortey  indicate  a 
change  of  volume  on  mixing  as  great  as  one-fifth  of  1  per  cent.,  and 
according  to  Thorpe  and  Kodger,  a  mixture  of  the  two  dissimilar 
liquids,  ether  and  chloroform,  is  accompanied  by  a  change  which  does 
not  exceed  1  per  cent. 

Referring  again  to  the  volume  diagram  it  will  be  observed  that  the 
curve  indicating  the  volume  of  the  pure  liquid  at  different  temperatures 
runs  parallel  with  the  curve  showing  the  volume  of  the  substance  in 
solution.  One  learns  from  this  that  whatever  change  takes  place  on 
mixing  two  liquids  at  one  temperature,  the  same  amount  of  change 
will  take  place  on  mixing  them  at  another  temperature.  It  also  leads 
to  a  second  important  generalisation  :  if  the  volume  of  a  pure  sub- 
stance over  the  range  of  temperature  when  it  is  liquid  can  be  repre- 
sented by  a  curve  which  coincides  with  or  runs  parallel  to  the  volume 
curve  of  the  substance  in  solution,  then,  as  the  trend  of  the  solution 
curve  is  regvilar,  it  may  safely  be  concluded  that  if  the  pure  substance 
remained  liquid,  its  volume,  at  any  temperature  below  or  above  the 
temperature  of  the  normal  liquid  state,  would  be  represented  by  a 
point  on  an  extension  of  the  liquid  volume  curve  continued  parallel  to 
the  curve  of  the  volume  in  solution. 


A   DISSOLVED   SUBSTANCE.  81 

It  follows  directly  from  this  that,  if  the  two  curves  coincide,  the 
conditions  of  the  law  of  liquid  volume  are  fulfilled,  and  the  law  may 
be  stated  thus  :  When  a  substance  in  the  liquid  state  dissolves  loithotit 
change  of  volume,  the  same  substance  when  in  the  state  of  solid  or  gas 
will,  when  dissolved  in  the  same  solvent,  change  to  tlie  volume  which  the 
same  weight  of  it  would  have  if  it  were  a  pure  liquid  at  the  temperature 
of  solution.  Should,  however,  the  two  curves  run  parallel,  the 
deviation  from  the  law  may  be  expressed  as  follows  :  When  a  substance 
in  the  liquid  state,  on  being  dissolved,  changes  in  volume  by  a  certain 
amount^  the  same  substance,  when  in  the  state  of  solid  or  gas,  will,  when 
dissolved,  assume  a  volume  which  differs  from  the  volume  which  it  would 
have  if  liquid  at  the  same  temperature,  by  the  same  amount. 

These  two  definitions  may  be  combined  in  a  general  statement : 
the  volume  occupied  by  a  substance  in  solution  is  the  same  as  that  of 
the  pure  substance  at  the  same  temperature  if  it  were  liquid  \  or  if  it 
is  not  identical,  it  deviates  by  the  same  amount  at  all  tempera- 
tures. 

When  two  pure  liquids  were  mixed  it  was  seen  that  the  change  in 
volume  was  very  small,  and  the  deviation  from  conformity  with  the 
law  of  liquid  volume  can  in  no  instance  be  considerable,  yet  it  seemed 
of  interest  to  inquire  further  concerning  the  cause  of  the  change  of 
volume  when  two  liquids  are  brought  together. 

The  cause  must  be  looked  for  in  the  distribution  of  the  particles  of 
the  solute  throughout  the  solvent  producing  an  adjustment  of  spacing, 
since  it  might  be  expected  that  molecules  differing  in  size,  shape,  and 
weight,  when  mixed,  will  arrange  themselves  so  that  the  new  volume 
is  not  exactly  the  sum  of  the  volumes  added.  The  change,  moreover, 
cannot  entirely  be  ascribed  to  the  dissolved  substance ;  the  solvent 
must  also  be  affected,  and  if  that  is  the  case  it  is  evident  that  the 
true  volume  which  a  substance  occupies  when  in  solution  cannot 
be  measured,  since  the  amount  of  change  of  each  constituent  is 
unknown. 

From  these  considerations  it  was  reasonable  to  predict  that 
alteration  of  the  amount  of  solvent  and  the  employment  of  different 
solvents  would  give  different  values  for  the  volume  of  a  dissolved 
substance,  and  the  following  experiments  were  made  to  obtain 
information  on  these  points.  Solutions  were  prepared  containing 
approximately  5,  10,  and  20  molecules  of  naphthalene  in  100  molecules 
of  benzene,  toluene,  xylene,  and  carbon  tetrachloride.  Four  pykno- 
meters  were  employed  ;  one  to  contain  the  pure  solvent,  the  others 
the  three  solutions  made  with  this  solvent.  The  pyknometers  were 
heated  in  a  thermostat  to  15°,  removed  at  the  same  time  to  ensure 
that  they  were  all  at  exactly  the  same  temperature,  dried,  and 
weighed : 
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VOLUMI 

5   OF 

Solvent. 

Mols. 

napli- 

tlialene. 

Naph- 

tlialene 

in  grams. 

Solvent 
in  grams. 

Sp.  gr. 
solvent. 

Sp.  gr. 
solution. 

Vol.  of 
128  g. 
naph- 
thalene. 

Benzene 

5 
10 
20 

2-4151 
2-3258 
2-0620 

32-0184 

14-9250 

7-0862 

0-8848 

0-8938          123-90 
0-9025    -     123-63 
0-9150          123-48 

Toluene 

5 
10 
20 

2-0382 
2-1583 
2-2576 

29-7285 

15-8576 

7-6144 

0-8712 

0-8802 
0-8883 
0-9046 

123-43 
123-30 
123-17 

Xylene  

5 
10 
20 

1-9115 
2-0811 
3-8963 

30-8078 
16-7844 
17-7555 

0-8678 

0-8761 
0-8836 
0-8940 

123-88 
123-69 
123-55 

Carbon  tetra- 
chloride 

5 
10 
20 

2-1084 
2-7271 
5-4420 

54-9772 
32-8754 
36-2363 

1  -6043 

1-5741 
1-5425 
1-5006 

121-23 
121-46 
121-98 

These  moleculai-  volumes  of  naphthalene,  calculated  as  before  on  the 
assumption  that  each  solvent  retains  the  volume  it  has  in  the  pure 
state,  show  that  there  is  in  solutions  in  benzene,  toluene,  and  xylene  a 
distinct  diminution  in  volume  with  increase  of  concentration,  whilst  in 
carbon  tetrachloride  the  volume  becomes  greater  as  the  amount  of 
solvent  decreases.  Several  experiments  with  carbon  tetiachloride  gave 
the  same  result :  a  diminution  in  the  volume  of  the  dissolved  substance 
on  dilution. 

The  cause  of  these  changes  will  be  discussed  later  on. 

An  experiment  was  then  made  in  order  to  find  the  change  in  volume 
of  the  dissolved  substance  when  different  solvents  were  used.  Solutions 
containing  approximately  10  molecules  of  naphthalene  to  100  molecules 
of  benzene,  toluene,  xylene,  and  carbon  tetrachloride  were  prepared, 
these  were  heated  at  15°,  removed  from  the  bath  at  the  same  moment, 
and  weighed  : 

Najih- 
thalene. 
in  grams. 

Benzene 2  8556 

Toluene 2-6164 

Xylene  2-3361 

Carbon  tetrachloride    ...         2-2266 


Solvent 
in  grams. 

Sp.  gr. 
solvent. 

Sp.  gr. 
solution. 

Vol.  of 

128  g.  naph 

thalene. 

19-7194 
25-8188 
19-3979 
27-4185 

0-8847 
0-8708 
0-8679 
1-6043 

0-9014 
0-8837 
0-8832 
1-5421 

123-52 
123-55 
123-67 
122-57 

The  volume  of  naphthalene  is  seen  to  be  nearly  the  same  in  benzene, 
toluene,  and  xylene,  but  there  is  a  great  diminution  when  carbon 
tetrachloride  is  the  solvent.  These  experiments  prove  that  the  volume 
occupied  by  a  substance  in  solution  at  any  given  tempex'ature  alters 
with  the  solvent  employed  and  also  with  the  concentration  of  the 
solution. 

The  foregoing  results  enable  one  to  form  a  conception  of  what  takes 
place  when  two  liquids  are  mixed. 

If    a   pure   liquid   is  a  collection  of  like  molecules  which   are  in 
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constant  motion  jostling  each  other  and  changing  their  direction  and 
motion  at  every  moment,  and  that  to  permit  of  this  jostling  there  are 
spaces  between  the  molecules,  then  the  question  arises  :  is  the  inter- 
space per  molecule  at  the  same  temperature  the  same  for  each  liquid  1 
Kopp  did  not  recognise  the  existence  of  interspaces,  and  in  the  atomic 
volumes  deduced  by  him  are  included  atom  and  space,  and  the  sum  of 
the  atomic  values  make  up  the  whole  volume  of  the  liquid  ;  but  accord- 
ing to  Horstmann  and  Traube  there  must  be  added  to  the  sum  of  the 
values  which  they  assign  to  the  atoms  a  co-volume  of  25-9  c.c.  at  15° 
in  order  to  obtain  the  molecular  volume,  and  this  co-volume  has  a 
higher  value  as  the  temperature  rises. 

Now  it  is  very  improbable  that  the  molecular  interspaces  in  different 
liquids  should  have  the  same  dimensions.  The  molecules  differ  in 
size,  shape,  and  weight,  and  any  value  for  the  co-volume  must  be 
an  average  number  from  which  the  real  value  may  in  any  given  case 
differ  considerably.  If,  however,  the  co-volume  be  different  in  different 
liquids,  then,  when  two  liquids  are  brought  together,  an  adjustment  of 
the  dimensions  of  the  interspaces  will  sufficiently  account  for  the 
change  in  volume. 

With  regard  to  this  adjustment,  little  can  be  inferred  from  the  size 
and  shape  of  the  molecules,  but  considering  only  their  mass,  the 
direction  of  the  change  of  volume  may  in  many  cases  be  explained. 
It  was  seen  that  when  naphthalene  was  dissolved  in  carbon  tetra- 
chloride the  volume  was  smaller  than  when  the  solvent  was  benzene, 
and  that,  whilst  in  carbon  tetrachloride  the  volume  diminished  on 
dilution,  in  benzene  the  volume  was  greater  as  the  amount  of  solvent 
was  increased. 

When  the  molecules  of  naphthalene  were  introduced  amongst  the 
heavier  molecules  of  carbon  tetrachloride  they  would  be  subjected  to 
greater  pressure  than  if  they  existed  as  liquid  naphthalene,  since  the 
mass  attraction  between  the  molecules  of  carbon  tetrachloride  is 
greater  than  between  naphthalene  molecules.  This  cause  would  lead 
to  a  diminution  of  volume.  At  the  same  time  the  carbon  tetrachloride 
molecules  would  be  separated  from  each  other  by  the  intrusion  of  the 
naphthalene  molecules  ;  their  mutual  attraction  would  be  diminished 
and  expansion  would  result.  The  latter  action  must  be  the  smaller 
since  the  experiment  showed  a  contraction  on  mixture. 

When  more  solvent  was  employed,  the  separated  naphthalene 
molecules  would  be  subjected  to  still  greater  attraction  by  the  heavy 
carbon  tetrachloride  molecules  and  thus  produce  the  diminution  which 
was  noticed  on  dilution. 

In  the  case  of  naphthalene  in  benzene,  the  dissolved  molecules  are 
the    heavier,   they   would    be    under   less  pressure  than   if    in   liquid 
naphthalene,  and  this  would  permit  expansion ;  at  the  same  time  the 
VOL.    XCL  D 
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naphthalene  molecules  would  be  separated  from  each  other,  their 
mutual  attraction  would  be  diminished,  and  further  increase  of  volume 
would  take  place.  On  adding  more  solvent  the  naphthalene  molecules 
would  become  still  more  widely  separated,  their  attraction  for  each 
other  would  again  be  lessened,  and  the  expansion  which  was  noticed  on 
dilution  would  be  brought  about. 

Observed  changes  in  volume  may  therefore  in  many  cases  be 
accounted  for  by  the  mass  attraction  between  the  molecules  of  solvent 
and  solute,  but  the  shape  and  size  of  the  molecules  which  are  brought 
together  must  also  affect  the  adjustment.  Speaking  generally,  when 
the  molecules  of  two  substances  resemble  each  other  in  size,  shape,  and 
weight,  there  will  be  little  change  on  mixing,  but  when  there  is 
marked  difference  in  the  structure  and  weight  of  the  molecules  a  con- 
siderable change  may  be  expected. 

The  following  is  an  illustration  :  methyl  iodide  was  dissolved  in 
carbon  tetrachloride  and  in  benzene  and  the  molecular  volumes  deter- 
mined : 

Vol.  of 

\Vt.  of  141-97  g. 

nietliyl         Wt.  ol  Sp.  gr.        Sp.  gr.        methyl 

Solvent,  iodide.         solvent.        solvent.      solution,      iodide. 

Benzene 10-0459        26-5893         0-8847         1-0607         63-37 

Carbon  tetrachloride    ...  6-8050         39-5385         1-6043         1-6778         62-09 

Methyliodide  —  —  2-2924  —  61-93 

The  volume  of  the  pure  methyl  iodide  is  seen  to  differ  very  little 
from  its  volume  in  carbon  tetrachloride,  but  the  increase  in  volume  is 
very  marked  when  solution  is  in  the  much  lighter  liquid  benzene. 

One  point  in  the  preceding  investigation  demands  notice  :  it  was 
assumed  as  true  that  the  curve  of  the  volume  of  the  substance  in 
solution  coincided  with  or  ran  strictly  parallel  to  the  curve  of  volume 
of  the  pure  substance.  The  experimental  results  indicate  that  this  is 
the  case,  and  the  examination  of  some  measurements  made  by  Thorpe 
and  Eodger  (Trans.,  1897,  71,  367)  on  the  densities  of  mixtures  of 
carbjn  tetrachloride  and  benzene  and  carbon  disulphide  and  methyl 
iodide  leads  also  to  the  conclusion  that  when  definite  weights  of  two 
liquids  are  mixed  the  amount  of  change  of  volume  which  occurs  at  one 
temperature  is  the  same  as  the  change  at  another  temperature.  But 
it  is  improbable  that  any  such  regularity  should  hold  ;  for  when  two 
liquids  have  different  rates  of  expansion  the  amount  of  change  of 
volume  on  mixing  must  vary  somewhat  with  the  temperature.  As 
this  variation  has  not  been  experimentally  noticed,  one  must  conclude 
that  it  is  very  small,  more  especially  when  the  dissolved  substance 
bears  no  great  proportion  to  the  total  volume,  and  it  cannot  be  of 
sufficient  magnitude  to  invalidate  the  law  of  liquid  volume  which  is 
based  on  the  parallelism  of  the  volume  curves. 
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In  the  foregoing  discussion,  proof  has  been  adduced  that  the  true 
volume  of  a  dissolved  substance  cannot  be  known,  and  that  the  volume 
varies  with  the  solvent  and  with  the  concentration  of  the  solution  ; 
but  it  has  also  been  shown  that  the  change  in  volume  when  two 
liquids  are  mixed  is  very  small,  and  that  the  volume  assumed  in  solu- 
tion by  a  solid,  liquid,  or  gas  is  never  far  removed  from  the  volume 
that  the  same  weight  would  occupy  if  liquid  at  the  same  temperature. 
The  law  of  the  liquid  volume  of  a  dissolved  substance  is  therefore 
seldom  strictly  accurate,  but  it  deviates  so  little  from  the  truth  that  it 
deserves  a  definite  position  as  a  guide  when  dealing  with  problems 
relating  to  solutions  in  liquids  where  dissociation  cannot  take  place. 

University  College, 
Dundee. 


IV. — The  Influence  of  Light  on  Diazo-reactioiis.     I. 

By  Kennedy  Joseph  Previte  Orton,  Joseph  Edward  Coaxes  (and, 
in  part,  Frances  Burdett). 

The  voluminous  literature  of  the  diazo-group  does  not  indicate  that 
the  remarkable  effect  of  light  on  certain  reactions  of  this  class  of 
compounds  has  been  closely  investigated,  notwithstanding  the  fact 
that  more  than  one  "  diazo-type "  photographic  process  has  been 
patented.* 

*  Feer  (D.R.-P.  53455)  patented  a  process  in  which,  a  film,  coated  with  a  mixture 
of  a  diazosulphite  and  a  phenol  or  an  amine,  was  exposed  to  light.  A  decomposition 
of  the  former  occurred,  Avhich  was  followed  by  coupling  with  the  phenol  or  amine, 
and  hence  the  production  of  a  coloured  negative.  The  unchanged  sensitive  material 
was  washed  away  after  exposure. 

Green,  Cross,  and  Bevan  (D.R.-P.  56606  ;  £er.,  1890,  23,  3131  ;  and  J.  Soc. 
Cham.  Ind,,  1890,  9,  1001)  brought  forward  a  method  for  the  use  of  the  diazo- 
derivative  of  primuline  for  a  similar  purpose.  A  "negative"  was  obtained  by  ex- 
posing films  coated  with  the  diazo-compouud,  the  decomposition  of  which  was  pro- 
portional to  the  intensity  of  the  light.  A  "  positive  "  was  developed  by  treatment 
with  an  amine  or  a  phenol.  In  regions  of  faint  illumination,  where  the  diazo-com- 
pound  had  not  been  decomposed,  a  colour  developed  ;  where  the  illumination  had 
been  intense,  all  the  diazo-compound  had  been  decomposed  and  the  positive  was 
colourless. 

They  further  established  that  the  red  end  of  the  spectrum  was  the  more  active, 
and  that  nitrogen  was  evolved  from  the  diazo-compound.  They,  however,  express 
themselves  as  "  undecided  whether  the  product  is  a  phenol,  ....  or  whether  the 
primuline  residue  enters  the  molecule  of  cellulose."  They  conclude,  moreover, 
"that  molecular  union  with  the  medium  is  a  necessary  condition,  ....  for  the  free 
diazoprimuline,  when  exposed  to  light  in  a  thin  film  is  either  not  decomposed  at  all, 
or  only  after  very  prolonged  exposure." 

Rutf  and  Stein  {Bcr,,  1901,  34,  1668),  using  a  similar  photographic  method,  have 
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In  the  course  of  an  investigation  of  some  i^eactions  of  s-trisubsti- 
tuted  diazobenzenes,  notably  s-tribromodiazobenzene  (Orton,  Trans., 
1903,  83,  796;  1905,  87,  99),  it  was  observed  that  the  diazonium 
salts,  the  hydrogen  sulphate,  and  the  nitrate,  both  as  solid  and  in 
solution,  were  exceedingly  sensitive  to  light.  The  instability  was  the 
more  remarkable,  inasmuch  as  this  type  of  diazonium  salt  is  singularly 
permanent  at  the  ordinary  temperature.  The  effect  of  exposure  to 
light  could  accordingly  be  most  easily  demonstrated  and  studied  in 
the  case  of  such  s-trisubstituted  diazonium  salts. 

The  nature  of  the  decomposition  of  the  diazonium  salt  depends  on 
the  solvent.  In  water,  a  phenol  is  formed ;  in  methyl  alcohol,  a 
methyl  ether,  Ar-O'CHg  j  in  ethyl  alcohol,  an  ethyl  ether,  Ar-O'C^Hj, 
and  in  acetic  acid,  the  phenyl  acetate,  Ar'O'CO'CHg;  thus,  for 
example : 

Ar'N(HS04):N  +  OH3'C02H  =  Ar-O-CO-CHg  +  H2SO4  +  Ng. 
If  the  salt  is  a  chloride  or  a  bromide,  the  diazo-group  is  also  replaced 
to  some  extent  in  aqueous  solution  by  chlorine  or  bromine. 

The  influence  of  light  is  well  illustrated  by  the  behaviour  of  dilute 
solutions  of  5-bromo-m-xylene-,  or  6-bromo-i/f-cumene-diazonium 
hydrogen  svilphates.  Solutions  of  these  salts  can  apparently  be  pre- 
served indefinitely  at  the  ordinary  temperature  if  light  is  rigidly 
excluded ;  thus  in  ten  weeks  no  measurable  volume  of  nitrogen  was 
evolved  from  a  1  per  cent,  solution  of  either  of  these  salts.  If  such 
solutions  are  boiled,  transformation  to  the  corresponding  phenols  is 
rapid  and  quantitative.  Exposure  to  diffused  daylight  is  followed  by 
evolution  of  niti'ogen ;  in  dii'ect  sunlight,  the  speed  of  the  reaction  is 
considerable  and  the  yield  of  phenol  quantitative. 

The  case  of  s-tribromodiazobenzene  is  of  particular  interest,  inasmuch 
as  it  has  been  shown,  by  all  who  have  investigated  this  substance,  to 
behave  abnormally  when  its  solutions  in  water,  in  methyl  or  ethyl 
alcohol,  or  in  acetic  acid  are  heated.  Silberstein  {J.  j)r.  Chem.,  1883, 
27,  113)  could  isolate  no  s-tribromophenol  in  the  decomposition 
of  aqueous  solution  of  the  diazonium  nitrate.  Hantzsch  [Ber.,  1900, 
33,  2517)  confirmed  this  observation,  and,  in  addition,  ascertained 
that  no  s-tribromophenyl  methyl-  or  ethyl-ether  was  formed  on 
heating  the  solutions  in  the  corresponding  alcohols,  s-tribromobenzene 
being  the  sole  product.  Similarly,  he  detected  no  s-tribromopheuyl 
acetate  in  the  reaction  with  acetic  acid,  s-tribromobenzene  again  being 
alone  isolated. 

The  changes  which  occur  when  aqueous  solutions  of  these  tribromo- 

investigated  the  effect  of  the  constitution  of  the  diazo-compound  on  its  "  sensitive! 
ness."     On  the   basis   of  some  experiments  of  Andresen   (Photographische  Corre, 
spondcnz,  1895),  they  conchide  that  the  diazo-compound  undergoes  the  phenol! 
decomposition. 
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benzenediazonium  salts  *  are  heated  were  first  described  by  one  of  ns 
(Ti'ans.,  1903,  83,  802) ;  it  was  found  that  the  diazonium  salt  mainly- 
decomposed  into  dibromoquinonediazide,  bromine  appearing  in  the 
ionic  condition,  thus  : 

CgH2Br3-N(HS04):N  +  H^O  =  02:C6F2Br2:N2  +  HBr  +  H.SO^. 

In  the  course  of  this  research,  this  reaction  has  been  again  investi- 
gated, the  diazonium  salts  being  now  also  heated  in  solution  in  63  per 
cent,  sulphuric  acid,  a  method  first  employed  by  Heinichen  in  the 
preparation  of  2 : 6-dibromophenol  (Annalen,  1889,  253,  281). 
Although  such  s-trisubstituted  benzenediazonium  salts,  as  those 
obtained  from  3  :  5-dibromo-o-toluidine  and  3  :  5-dibromo-;j-toluidine, 
which  do  not  undergo  the  phenolic  decomposition  when  their  aqueovis 
solutions  are  heated,  are  nearly  quantitatively  converted  into  the 
corresponding  cresols,  if  63  per  cent,  sulphuric  acid  is  used  as  a 
medium,  yet  s-tribromodiazobenzene  is  still  refractory.  The  diazonium 
hydrogen  sulphate  was  rapidly  decomposed,  but  no  s-tribromophenol 
was  formed.  Subsequent  to  the  publication  of  the  preliminary  notice 
(Proc,  1905,  21,  168),  Cain  and  Norman  (Proc,  1905,  21,  206) 
showed,  however,  that  some  2  per  cent,  of  s-tribromophenol  could  be 
obtained  if  the  method  described  in  the  German  patent  (D.E.-P. 
95339),  namely,  heating  the  diazonium  salt  with  dilute  sulphuric 
acid  and  sodium  sulphate,  were  used.  This  result  has  been  confirmed 
by  the  authors,  who  have  isolated  small  quantities  of  s-tribromophenol 
from  among  the  products  of  decomposition  of  s-tribromobenzene- 
diazonium  hydrogen  sulphate,  when  it  is  treated  according  to  the 
directions  in  the  patent.  The  main  product  of  the  reaction  is  a 
material  resulting  from  a  transformation  of  the  quinonediazide,  which 
is  itself  not  permanent  under  the  conditions.  The  decomposition,  in 
fact,  under  these  conditions  mainly  follows  the  course  of  that  of  the 
aqueous  solution. 

In  the  face  of  such  observations  it  was  scarcely  to  be  expected  that 
a  means  of  converting  s-tribromodiazobenzene  quantitatively  into 
s-tribromophenol  could  be  found.  Nevertheless,  such  a  complete  con- 
version of  the  diazonium  salts  in  aqueous  solution  is  induced  by  light. 
Further,  both  the  s-tribromophenyl  methyl-  and  ethyl-ethers  and 
s-tribromophenyl  acetate  are  produced  if  solutions  in  methyl  or  ethyl 
(90  per  cent.)  alcohols  or  acetic  acid  are  exposed  to  light.  The  yield 
of  the  phenyl  acetate  is  quantitative,  but  under  the  most  favourable 
conditions  some  30  per  cent,  of  s-tribromobenzene  is  formed  together 
with  the  ethers.     Solutions  of  the  diazonium  salt  in  methyl  or  ethyl 

*  The  hydrogen  sulphate  was  mainly  used,  since  there  is  some  difficulty  in  pre- 
serving the  nitrate  ;  further,  the  chloride  cannot  be  easily  isolated,  an  acid  chloride 
lieing  precipitated  from  the  acetic  acid  sohition  by  ether. 
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alcohol  difPer  in  some  respects.  Whilst  the  solution  in  methyl  alcohol 
remains  unchanged  in  the  dark,  that  in  ethyl  alcohol  slowly  decom- 
poses, but,  in  marked  contrast  to  the  decomposition  induced  by  light, 
now  only  s-tribromobenzene  is  formed. 

Solutions  (or  suspensions)  in  several  other  media  have  been 
examined.  When  dissolved  in  95  per  cent,  sulphuric  acid,  the 
phenolic  decomposition  takes  place  slowly,  no  other  substance  being 
produced.  Solutions  in  fuming  nitric  acid  appear  to  behave  similarly, 
but  here  a  secondary  reaction,  namely,  displacement  of  the  bromine 
by  the  nitro-group,  complicates  the  phenomenon. 

Formic  acid  solutions  yield  only  s-tribromobenzene,  thus  : 

C6H2Br3-N(HS04):N  +  H-COaH  =  CoK^Br^  +  HgSO,  +  'S.-^  +  CO^. 

In  propionic  acid,  the  diazonium  salt  is  insoluble  ;  nitrogen  is  evolved 
from  the  suspension,  but  the  reaction  is  exceedingly  slow. 

The  diazonium  salts  of  2:4:5:  6-tetrabromodiazobenzene,  2  :  6-di- 
bromodiazobenzene,  2:4:  6  tribromo-3-nitrodiazobenzene,  3  :  5-di- 
bromo-jo-diazotoluene,  and  3  : 5-dibromo-o-diazotoluene,  in  so  far  as 
they  have  been  studied,  behave  in  a  completely  analogous  manner. 

Aqueous  solutions  of  benzenediazonium  salts  rapidly  change  when 
exposed  to  sunlight  at  0°  ;  nitrogen  is  evolved  and  phenol  formed,  but 
the  decomposition  soon  comes  to  a  standstill,  owing  to  a  dark  tui^bidity 
arising  from  some  secondary  reaction  which  prevents  access  of  light. 
This  difficulty  is  not  met  with  in  the  case  of  i/^-cumenediazonium  salts, 
which  are,  moreover,  even  less  stable  in  aqueous  solutions  than 
benzenediazonium  salts  at  the  ordinaiy  temperature.  When  exposed 
to  light  at  0°,  nitrogen  is  rapidly  evolved,  i/^-cumenol  being  formed, 
whilst  if  shielded  from  light  this  decomposition  is  very  slow  at  that 
low  temperature. 

In  marked  contrast  to  the  sensitiveness  of  the  diazonium  salts  is 
the  stability  of  solutions  of  diazotates.  Aqueous  solutions  of  sodium 
/)-nitrobenzenediazctate,  3  :  5-dibromo-j>toluenediazotate,  and  benzene- 
isodiazotate  are  unchanged  after  two  or  three  days'  exposure  to  light. 
A  solution  of  potassium  s-tribromobenzenediazotate  in  methyl  alcohol 
is  equally  stable. 

Investigation  of  the  effect  of  variation  in  the  concentration  and 
nature  of  the  acid  on  the  decompositions  of  diazonium  salts,  which  are 
accelerated  by  light,  has  shown  that  the  former  (concentration  of  the 
acid)  has  remarkably  little  influence  on  the  rate  of  the  transformation. 
Even  up  to  concentrations  of  25  per  cent.,  sulphuric  acid  does  not 
diminish  the  speed ;  at  a  concentration  of  30  per  cent.,  a  slight 
decrease  is  perceptible,  but,  as  mentioned  in  the  foregoing,  even 
solutions  in  95  per  cent,  sulphuric  acid  yield  phenol  on  exposure  to 
light.     The  nature  of  the  acid  is  only  of  consequence  when  the  acid 
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radicle  can  itself  replace  the  diazo-group  ;  in  the  presence  of  hydrogen 
chloride  or  bromide,  light  hastens  not  only  the  conversion  into  phenol, 
but  also  the  replacement  of  the  diazo-group  by  chlorine  or  bi'oniine. 

The  most  marked  effect  of  the  presence  of  acids  is  seen  in  the  case 
of  those  halogendiazobenzenes  which  tend  to  undergo  another  decom- 
position, namely,  the  formation  of  a  quinonediazide  with  the  elimination 
of  halogen.  This  reaction  is  markedly  accelerated  by  light,  and  con- 
sequently takes  place  iii  solutions  of  diazonium  salts  exposed  to  light 
concurrently  with  the  phenolic  decomposition ;  the  latter,  however,  is 
always  the  dominant  reaction.  Thus  it  was  found  that  from  a  1  per 
cent,  solution  of  s-tribromobenzenediazonium  acetate,  the  amount  of 
bromine  eliminated  in  a  given  time  on  exposure  to  light  was  three 
times  that  set  free  in  a  similar  solution  kept  in  the  dark.  No  phenol 
was  formed  in  the  latter  solution,  whereas,  in  the  former,  100  molecules 
of  diazo-compound  yielded  phenol  for  every  77  which  lost  an  atom 
of  bromine.  This  acceleration  of  the  quinonediazide  reaction  is  still 
perceptible  in  solutions  of  the  diazonium  hydrogen  sulphate.  In 
a  1  per  cent,  solution  of  the  diazonium  hydrogen  sulphate,  the  pro- 
portion of  molecules  yielding  phenol  to  those  giving  quinonediazide  is 
100  :  25,  in  a  15  per  cent,  solution  of  sulphuric  acid  it  has  fallen  to 
100  :  12,  whilst  in  a  30  per  cent,  solution  the  elimination  of  bromine 
is  no  longer  perceptible. 

The  rate  at  which  the  decomposition  proceeds  on  exposure  to  light 
is  greatly  influenced  by  the  extent  to  which  the  quinonediazide 
reaction  is  occurring,  for  the  reason  that,  when  exposed  to  light,  all 
quinonediazides  rapidly  change  into  deeply-coloured,  amorphous  solids, 
which,  i-emaining  suspended  in  the  solution,  effectually  prevent  the 
access  of  light. 

According  to  the  view  previously  explained  (Orton,  Trans.,  1903, 
83,  796),  the  quinonediazide  is  the  result  of  an  interaction  of  diazonium 
{Ar'NiN}"  and  hydroxyl  (OH)'  ions.  As  the  concentration  of  acid 
increases,  the  concentration  of  the  hydroxyl  ions  becomes  vanishingly 
small,  and  the  formation  of  quinonediazide  ceases. 

This  change  accompanying  the  replacement  of  the  diazo-group  by 
hydroxyl  was  observed  to  a  greater  or  less  degree  in  the  case  of  all 
the  halogendiazobenzenes.  It  is  scarcely  detectable,  if  not  entirely 
absent,  in  the  decomposition  of  5-bromodiazo-m-xylene  and  6-brcmodi- 
azo-i/'-cumene,  is  noticeable  in  that  of  the  two  3  : 5-dibromodiazo- 
toluenes,  and  assumes  still  larger  propoitions  as  the  number  of 
negative  bromo-  and  nitro-groups  in  the  benzene  nucleus  is  ic creased, 
until  in  the  case  of  an  aqueous  solution  of  2:4:  6-tribromo-3-nitro- 
Ijenzenediazonium  hydrogen  sulphate  46 — 47  "^er  cent,  of  one  atomic 
proportion  of  bi'omine  is  eliminated. 
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A  suggestion  as  to  the  mechanism  of  the  transformation  of  diazoninm 
salts  into  phenols,  which  has  attained  considerable  acceptance,  was 
first  given  by  Hantzsch  (compare  "  Diazo-Verbindungen,"  Ahrens' 
Sammlung),  who  represents  the  phenols  as  being  primarily  formed 
fi"om  the  s?/w-diazohydroxides,  thus  : 

Ar— N  Ar 

HO— N   -^    OH    +   -^"^2' 

by  an  "  intramolecular  decomposition  "  which  is  comparable  to  the 
decomposition  of  the  s?/w-aldoximes  into  water  and  nitriles.  Since 
solutions  of  the  diazonium  salts  are  particularly  liable  to  this  reaction, 
he  accounts  for  the  s?/n-diazohydroxide,  which  must  on  this  view  be 
present  in  such  solutions,  by  the  existence  of  a  certain  amount  of 
hydrolysis  of  the  diazonium  salt.  The  free  diazonium  hydroxide 
formed  in  this  manner  has  been  shown  (Hantzsch  and  Davidson,  Ber., 
1898,  31,  1612)  to  change  partially  into  the  isomeric  s?/?i-diazohydr- 
oxide,  so  that  an  equilibrium  exists  which  can  be  represented  thus  : 


Ar— N— OH 

III 
N 


Ar— N— OH" 

LHO-N H 


Ar— N 

". 
<--     HO-N 


-->  II 


The  hydrated  compound  is  suggested  as  an  intermediate  step. 

It  should  follow,  therefore,  that  all  conditions  which  favour  hydro- 
lysis, for  example,  diazonium  salts  of  weak  acids  or  the  salts  of  a  weak 
diazonium  base,  should  increase  the  speed  of  the  phenolic  decom- 
position ;  further,  the  presence  of  an  excess  of  a  strong  acid  should 
prevent  or  at  least  decrease  the  rate  of  this  transformation. 

It  was  shown,  however,  by  Euler  (A7inalen,  1902,  325,  292)  that 
the  rate  of  the  conversion  of  diazonium  salts  into  phenols  was  inde- 
pendent of  the  presence  of  excess  of  acid,  at  least  in  dilute  aqueous 
solution.  Euler  maintains,  therefore,  that  the  conversion  into  phenol 
can  be  a  purely  diazonium  reaction,  and  is  not  confined  to  s?/?i-diazo- 
hydroxides.  Recently  (Ber.,  1904,  37,  1087),  Hantzsch  has  accepted 
this  correction,  and  states  that  he  is  now  of  Euler's  opinion. 

The  experiments  described  in  this  paper  afford  independent  evidence 
for  the  view  that  diazonium  salts  in  aqueous  solution  are  directly 
transformed  into  phenols.  As  has  been  shown,  the  presence  of  a 
considerable  excess  of  acid  is  no  hindrance  to  the  change ;  under  the 
influence  of  light  the  reaction  takes  place  at  the  ordinary  temperature 
in  30  per  cent,  sulphuric  acid,  with  no  decrease  of  speed.  Moreover, 
it  will  even  proceed,  though  but  slowl}^,  in  a  95  per  cent,  solution  of 
sulphuric  acid  ;  in  such  a  medium,  it  is  difiicult  to  imagine  even  a 
vanishing  trace  of  hydrolysis.  Further,  in  the  light  of  the  experiments 
here  recorded,  there  would  appear  to  be  little  reason  to  think  that  the 
other    decompositions,    namely,    the    reaction    with    methyl    or    ethyl 
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alcohols  or  with  acetic  acid,  which  lead  respectively  to  ethers  and 
acetic  esters,  are  I'eactions  of  syn-diazo-compounds  and  not  of  diazonium 
compounds.  These  transformations  appear  to  be  regarded  by  Hantzsch 
(loc.  cit.,  p.  68  et  seq.)  as  decompositions  of  a  s?/w-diazo-compound.  The 
presence  of  excess  of  acid  is,  in  these  reactions,  however,  not  without 
effect,  in  that  the  px'oduct  of  the  reaction  induced  by  light  is  modified  ; 
whereas,  under  all  conditions  yet  investigated,  s-tribromobenzene 
always  accompanies  the  s-tribromophenyl  methyl-  and.  ethyl-ethers,  the 
proportion  of  the  former  is  increased  in  strongly  acid  solution.  In 
any  case,  the  fact  that  excess  of  acid  favours  the  replacement  of  the 
diazo-group  by  hydrogen  affords  strong  evidence  that  this  transforma- 
tion, at  least,  is  a  reaction  of  the  diazonium  compound.  Possibly  the 
experiments  which  are  now  in  progress  on  the  accelerating  influence  of 
light  on  the  replacement  of  the  diazo-group  by  chlorine  or  bromine  may 
illuminate  further  the  mechanism  of  these  diazo-reactions. 

With  regard  to  the  mechanism  of  the  action  of  light,  it  may  be 
suggested  that  the  solvent  becomes  associated  with  the  diazonium  salt 
(or  in  dilute  solutions,  with  the  diazonium  ion).  Considering  how 
freely  formulae  for  hypothetical  intermediate  products  in  diazo-reactions 
have  been  brought  forward  in  recent  years,  it  is,  perhaps,  hazardous  to 
attempt  to  represent  graphically  this  additive  product.  But  in  any 
case  it  would  seem  that  the  quinquevalent  "  basic ''  nitrogen  atom, 
which  is  linked  to  the  acid  radicle,  cannot  be  directly  involved,  or 
undergo  a  change  of  valency,  if  the  reactive  compound  is  a  diazonium 

,     .       .  ^  ,..'.,  .         Ar-N-(HSO,)   . 

derivative.     From  this  point  or  view  the  expression,  -Jr  -u-  >  is 

not    admissible,    whereas    the    formula,  m  *  ,   in  which  the 

residual  valency  of  the  tervalent  nitrogen  is  brought  into  play,  is  open 
to  less  objection.  Such  a  complex  may  be  supposed  to  be  unstable, 
breaking  up  either  under  the  influence  of  light  or  heat,  yielding  a 
phenol  and  nitrogen.*  Further,  it  may  be  supposed  that  in  the  case 
of  certain  diazonium  salts,  such  as  those  with  several  negative 
substituents,  s-tribromodiazobenzene  and  the  like,  this  unstable  com- 
plex may  be  resolved  on  mere  heating  into  its  constituents,  water  and 
diazonium  salt,  a  fact  which  would  account  for  the  diflSculty  of  con- 
verting the  diazo-compound,  just  named,  into  the  corresponding  phenol. 
From  the  foregoing  it  is  obvious  that  if  such  a  complex  exists,  its 
formation  is  not  materially  affected  by  the  presence  of  acid. 

The    reactions    of    s-tribromobenzenediazonium    hydrogen    sulphate 

Ar-N-(HS04) 
*  Perhaps  in  solution  in  sulphuric  aciel,  a  complex        hi  is  the  sensitive 

NlHgSO^) 
material. 
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with  ethyl  alcohol  (or  methyl  alcohol  or  acetic  acid)  are  of  particular 
interest  in  this  connexion.  Hantzsch  (loo.  cit.,  p.  73)  has  suggested 
that  the  two  different  reactions  of  diazonium  compounds  with  ethyl 
alcohol,  the  formation  of  an  ethyl  ether,  or  the  replacement  of  the 
(liazo-group  by  hydrogen,  are  due  to  two  diffei'ent  additive  compounds, 
which  are  stereoisomeric,  thus  : — 

Ar  OEt  Ar  H 

1 

and     NzziN  + 


N=N  + 
I 


X  H  X  OEt 

The  formation  of  s-tribromobenzene  alone  from  the  corresponding 
diazonium  ealts  is  ascribed  to  the  fact  that  the  presence  of  the  three 
negative  bromine  atoms  in  the  benzene  nucleus  allows  only  of  the 
formation  of  one  type  of  addition,  namely,  the  latter,  in  the  decomposi- 
tion of  which  the  hydrogen  remains  combined  with  the  phenyl  nucleus. 
Accepting  the  view  that  the  existence  of  two  different  additive 
products  underlies  the  two  different  reactions,  the  decomposition  in 
light  shows  that,  contrary  to  Hantzsch's  opinion,  both  are  produced 
from  s-tribromobenzenediazonium  salts  and  ethyl  alcohol.  It  is 
possible  that  one  only  persists  at  higher  temperatures ;  or,  since  at  the 
ordinary  temperature  s-tribromobenzene  is  alone  produced  in  the  dark, 
tlie  two  additive  compounds  are  formed  in  very  different  proportions, 
that  which  yields  the  ether  being  possibly  the  more  sensitive  to  light; 
The  effect  of  excess  (or  high  concentration)  of  acid,  which  is  to  reduce 
the  proportion  of  ether,  could  then  also  be  interpreted  as  due  to  a  preven- 
tion of  the  formation  of  the  corresponding  additive  compound. 

The  acceleration  of  the  replacement  of  bromine  by  hydroxyl 
(quinonediazide  reaction)  cannot  be  considered  as  analogous  to  the 
reactions  described  above,  since  this  change  involves  changes  in  the 
benzene  nucleus.  It  is  more  probably  related  to  the  conversion  of 
azoxybenzene  into  hydroxyazobenzene,  which  Lobry  de  Bruyn  noticed 
was  induced  by  light. 

Experimental. 
s-  Tribrom  odiazobenzene. 

Aqueous  solutions  of  the  pure  salts  of  s-tribromodiazobenzene  are 
quite  colourless,  but  are  extremely  sensitive  to  light ;  even  on 
momentary  exposure  to  direct  simlight  a  1  per  cent,  solution  assumes 
a  yellow  tint  and  becomes  faintly  turbid.  Diffused  daylight  and  even 
gaslight  have  the  same  effect,  but  in  a  less  degree.  On  the  other 
hand,  such  solutions  can  be  kept  in  the  dark  room  for  days  with- 
out appreciable  change,  although  in  time  (after  several  days)  bromine 
ions  can  be  detected  in  the  solution  (compare  Proc.  Hoy.  Soc,  1902, 
71,  157). 
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Solutions  in  methyl  or  ethyl  (90  pei"  cent.)  alcohols  or  in  acetic  acid 
are  equally  sensitive,  although,  owing  to  the  solubility  of  the  products 
of  decomposition,  the  rapid  change  is  only  made  obvious  by  the 
evolution  of  nitrogen  when  the  flask  containing  the  solution  is  con- 
nected with  a  nitrometer. 

In  the  case  of  this  and  similarly  constituted  diazonium  salts,  the 
decomposition  of  the  aqueous  solution  pursues  two  courses,  the  main 
reaction  results  in  the  formation  of  «-tribromophenol,  nitrogen  being 
evolved  ;  at  the  same  time,  however,  bromine  is  eliminated  in  the  ionic 
condition,  and  a  quinonediazide  produced.  The  last-mentioned  com- 
pound is  itself  changed  by  light,  being  transformed  into  a  dark  brown, 
amorphous  powder.  For  the  reasons  given  in  the  introduction,  the 
presence  of  excess  of  acid  should  reduce  the  proportion  of  the  subsidiary 
reaction  whatever  effect  such  an  increase  in  acidity  had  upon  the 
phenolic  decomposition.  The  latter  change  can  therefore  be  best 
followed  in  acid  solution. 

On  exposing  a  1  per  cent,  solution  of  s-tribromobenzenediazonium 
hydrogen  sulphate  in  15  per  cent,  sulphuric  acid  to  direct  sunlight, 
a  white  solid  which  consisted  of  minute  crystals  was  deposited, 
whereas  in  the  absence  of  the  acid  a  dark  brown  material  separ- 
ated. The  solid  was  collected,  washed,  and  extracted  with  sodium 
carbonate,  which  left,  in  the  case  of  the  aqueous  solution,  a  considerable 
quantity  of  brown  solid  undissolved.  The  phenol  was  precipitated 
from  its  solution  in  alkali  and  dissolved  in  dilute  alcohol,  from  which 
it  crystallised  in  long,  slender  needles  melting  at  92°  ;  its  melting  point 
was  unchanged  by  admixture  with  a  specimen  of  s-tribromophenol  : 

0-1925  gave  0-3262  AgBr.     Br  =  72-12. 

CgHgOBrg  requires  Br  =  72-50  per  cent. 

Effect  of  the  Concentration  of  the  Sulphuric  Acid  on  the  Decomposition 
of  the  Diazonium  Salt  under  the  Influence  of  Light. — The  salt  appears 
to  decompose  most  rapidly,  as  estimated  by  the  evolution  of  nitrogen, 
in  the  presence  of  a  15 — 30  per  cent,  sulphuric  acid.  At  lower  con- 
centrations, the  evolution  of  nitrogen  is  slower,  but  the  retarding 
influence  may  be  due  to  the  dark  precipitate,  which  acts  simply  by 
preventing  the  light  from  gaining  access  to  the  liquid.  At  higher 
concentrations,  the  decomposition  is  again  retarded,  but  the  phenol  is 
formed  even  in  solutions  in  concentrated  (95  per  cent.)  sulphuric 
acid. 

The  following  results  will  show  the  quantitative  relation  existing 
between  the  two  reactions,  the  elimination  of  bromine  and  the 
phenolic  decomposition,  in  different  concentrations  of  sulphuric 
acid. 

(i)  On  exposing  50  c.c.  of  a  1  per  cent,  solution  of  the  diazonium 


44  ORTON,   COATES,    AND    BURDETT  :   THE    TNFLUENCE   OF 

hydrogen  sulphate  for  forty-eight  hours  (in  October),  55  per  cent,  of 
the  salt  was  decomposed,  11  "8  c.c.  of  nitrogen  were  evolved,  and  the 
liquid  yielded  0'0249  gram  of  silver  bromide.  Ratio  of  the  number  of 
molecules  yielding  phenol  and  nitrogen  to  the  number  giving  quinone- 
diazide  and  bromine  =  100  :  25. 

(ii)  Two  exactly  similar  experiments  were  made,  using  a  15  per  cent, 
solution  of  sulphuric  acid  instead  of  water  as  solvent,  (a)  Eighty-six 
per  cent,  of  the  salt  was  decomposed,  21  c.c.  of  nitrogen  were  evolved, 
and  the  liquid  yielded  00212  gram  of  silver  bromide,  (b)  Sixty-six 
per  cent,  of  the  salt  was  decomposed,  16"5  c.c.  of  nitrogen  were 
evolved,  and  the  liquid  yielded  0"0176  gram  of  silver  bromide.  The 
ratio  of  the  two  decompositions  was  in  each  case  100  :  12. 

In  these  experiments,  the  volume  of  the  gas  could  only  be  approxi- 
mately measured,  and,  further,  it  is  assumed  that  nitrogen  is  formed 
only  from  the  phenolic  decomposition,  an  assumption  which  was  shown 
to  be  justified  by  direct  estimation  (weighing)  of  the  phenol.  The  un- 
changed diazo-compound  was  weighed  as  /S-naphthol  derivative,  and 
hence  the  percentage  of  decomposed  salt  was  obtained. 

Effect  of  Temperature  on  the  Velocity  of  Decomposition. — There 
are  great  difficulties  in  the  way  of  determining  the  velocity  of  a 
reaction  which  depends  on  the  varying  illumination  of  the  sun.  The 
difficulties  are  increased  in  the  case  of  the  phenolic  decomposition  of 
the  diazonium  salts  by  the  precipitation  of  tribromophenol,  which  acts 
as  a  screen  to  the  solute  yet  undecomposed. 

Attempts  were  made  to  ascertain  the  effect  of  temperature.  Equal 
amounts  of  two  1  per  cent,  solutions  of  the  diazonium  salt  in  15  per 
cent,  sulphuric  acid  were  exposed  in  similar  flasks  attached  to  nitro- 
meters. One  flask  was  immersed  in  ice  and  water,  and  the  other  in 
water  at  a  given  temperature,  great  care  being  taken  that  each  flask 
was  equally  exposed  to  light.  In  these  circumstances  all  irregu- 
larities in  the  illumination  affected  each  solution  equally.  The 
progress  of  the  decomposition  was  estimated  by  measuring  the  nitrogen 
evolved.  Several  experiments  were  made ;  the  following  will  illustrate 
the  difference  of  temperature. 

Experiment  I. — Flask  A,  tempei'ature  17°,  50  per  cent,  of  the 
diazonium  salt  was  decomposed  in  two  hours  fifty  minutes ;  flask  B, 
temperature  2°,  50  per  cent,  decomposed  in  four  hours. 

Experiment  II. — Flask  A,  temperature  20°,  50  per  cent,  of  the 
diazonium  salt  was  decomposed  in  one  hour  forty-two  minutes  ; 
flask  B,  temperature  2°,  50  per  cent,  of  the  diazonium  salt  was  decom- 
posed in  two  hours  twenty  minutes.  In  this  experiment  the  illumination 
was  more  intense  than  in  Experiment  I. 

Action  of  Light  on  s-Trihromohenzenediazotate. — A  solution  of  the 
diazotate    was    prepared    by    adding    0*25     gram    of     diazonium    salt 
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dissolved  in  25  c.c.  of  water  to  13  c.c.  of  a  10  per  cent,  solution 
of  sodium  hydroxide.  The  solution  was  exposed  to  sunlight  on 
two  successive  days.  Nitrogen  was  not  evolved  nor  was  bromine 
eliminated ;  the  solution,  moreover,  remained  colourless. 

Atteinjits  to  obtain  s-Tribromophenol  bt/  Boiling  Aqueous  Solutions  oj 
the  Diazonium  Salts. 

It  has  frequently  been  observed  that  substituted  benzenediazonium 
salts  do  not  yield  phenols,  or  at  least  only  in  small  quantities,  when 
the  aqueous  solutions  of  their  salts  are  boiled.  In  the  case  of 
s-tribromobenzenediazonium  hydrogen  sulphate  it  has  previously  been 
shown  that  bromine  is  eliminated,  and  a  dibromoquinonediazide 
formed,  at  least  in  the  first  instance  (Orton,  Trans.,  1903,  83,  802)  ; 
no  s-tribromophenol  was  discovered.  The  decomposition  of  aqueous 
solutions  of  this  salt  has  now  been  more  exactly  followed.  Solutions 
varying  in  concentration  from  1  to  10  per  cent,  were  heated  at  100° 
in  an  apparatus  from  which  the  air  had  been  expelled  by  carbon 
dioxide,  so  that  the  nitrogen  evolved  could  be  measured.  Decomposi- 
tion was  complete  in  two  hours ;  from  75  to  80  per  cent,  of  the  total 
nitrogen  was  evolved,  the  lower  number  being  obtained  from  the 
more  concentrated  solutions.  No  diazonium  salt  remained  un- 
decomposed,  but  the  yellow  liquid  contained  quinonediazide,  which 
could  be  extracted  with  chloroform  and  coupled  in  the  usual  way  with 
^-naphthol  (compare  Orton,  Trans.,  1905,  87,  104).  From  58—60 
per  cent,  of  one  atomic  proportion  of  bromine  was  found  in  the  solu- 
tion. The  solid  product  of  the  reaction  was  a  brown,  amorphous 
powder,  which  contained  small  amounts  of  dibromoquinonediazide,  and 
s-tribi'omobenzene.  Both  these  could  be  extracted  with  alcohol, 
but  the  main  part  of  the  solid  was  insoluble  in  that  solvent. 

The  addition  of  reduced  copper  accelerated  the  evolution  of  nitrogen, 
but  did  not  otherwise  appear  to  affect  the  course  of  the  de- 
composition. 

Since  it  has  been  noted  by  Heinichen  (Annalen,  1889,  253,  281) 
and  others  that  the  phenolic  decomposition  takes  place  more  readily 
in  fairly  concentrated  solutions  of  sulphuric  acid,  for  example,  in  a 
solution  of  sulphuric  acid  boiling  at  150°,  attempts  Avere  made  to 
obtain  s-tribromophenol  by  using  50 — 63  per  cent,  sulphuric  acid  as 
solvent.  No  s-tribromophenol  could  be  obtained  from  the  product  of 
decomposition  ;  but  a  very  little  s-tribromobenzene  was  isolated.  In 
the  case  of  the  50  per  cent,  acid,  only  about  3  per  cent,  of  one  atomic 
proportion  of  bromine  was  eliminated,  but  from  the  63  per  cent,  acid, 
which  boils  at  150°  as  much  as  35  per  cent,  was  found,  a  difference 
which  was  probably  to  be  attributed  to  the  higher  temperature.     In 


46  OUTON,   COATES,   AND   RURDETT  :   THE   INFLUENCE   OF 

all  cases,  the  acid  mother  liquor  was  bright  yellow,  and  contained 
quinonediazide.* 

Decomposition  of  the  Dry  Diazonium  Salt. — The  diazonium  hydrogen 
sulphate  (1  gram)  was  placed  in  a  desiccator  containing  phosphorus 
pentoxide,  and  kept  evacuated  in  the  dark  for  twelve  hours.  On  ex- 
posure to  sunlight,  the  salt  became  discoloured,  and,  after  a  few  hours, 
of  a  chocolate-coloured  hue.  On  examination,  it  was  found  that  the 
surface  only  had  been  affected,  the  dark  solid  was  insoluble  in  water, 
and  thus  could  be  freed  from  the  unchanged  diazonium  salt.  It  was 
found  to  contain  halogen  but  no  nitrogen ;  it  was  insoluble  in  alkali 
hydroxide,  and  in  the  usual  organic  solvents  with  the  exception  of 
glacial  acetic  acid,  in  which  it  could,  at  least  partly,  be  dissolved.  The 
quantity  was  too  small  to  admit  of  further  investigation. 

Acceleration  of  the  Elimination  of  Bromine  by  Light. — The  ex- 
periments were  made  with  s-tribromobenzenediazonium  acetate, 
which  undergoes  the  quinonediazide  decomposition  at  a  convenient 
rate  (Orton,  loc.  clt.). 

A  1  per  cent,  solution  of  the  diazonium  hydrogen  sulphate  (0  25 
gram)  containing  three  equivalents  of  sodium  acetate  was  exposed 
for  five  hours  to  the  light  in  a  flask  attached  to  a  nitrometer.  A  bulky, 
brown  solid  separated,  and  a  small  amount  (4-6  c.c.)  of  nitrogen  was 
evolved.  27'6  per  cent,  of  one  atomic  proportion  of  bromine  (AgBr  = 
0'0296  gram)  was  eliminated.  The  ratio  of  the  number  of  molecules 
uodergoing  the  phenolic  decomposition  to  those  undergoing  the 
quinonediazide  decomposition  is  therefore  100  :  77.  An  exactly  similar 
solution  kept  in  the  dark  for  the  same  period  evolved  no  nitrogen ; 
the  solution  becaaie  yellow  in  colour,  and  a  slight  yellow  precipitate 
formed.  Ten  per  cent,  of  one  atomic  proportion  of  bromine  (AgBr  = 
0  0 108  gram)  was  eliminated.  Repetitions  of  the  experiment  gave  a 
similar  result.  As  was  to  be  expected,  variations  in  the  intensity  of 
light  affected  the  phenolic  decomposition  to  a  greater  extent  than  the 
quinonediazide  decomposition. 

Decomposition  of  s-Tribromobenzenediazonium  Hydrogen  Sulphate 
in  Methyl  Alcoholic  Solution. — The  diazonium  salt  is  readily  soluble 
in  methyl  alcohol,  and  the  solution  when  kept  in  the  dark  is  stable  ; 

*  Dr.  J.  C.  Cain  drew  the  author's  atteution  to  the  fact  that  the  method  of 
inducing  the  phenolic  decomposition  by  heating  the  diazonium  salt  in  a  saturated 
solution  of  sodium  sulphate  was  effective  in  converting  a  small  proportion  of 
s-tribromobeuzenediazonium  hydrogen  sulphate  into  s-tribromophenol.  An  experi- 
ment was  tried,  using  10  grams  of  the  diazonium  salt  in  a  solution  made  up  of 
14  c.c.  of  sulphuric  acid  and  32  c.c.  of  water,  18  grams  of  hydi-ated  sodium  sulphate 
being  added.  The  mixture  was  distilled  in  a  slow  cm-rent  of  steam,  the  flask  being 
heated  in  an  oil-bath.  A  small  quantity  of  s-tribromophenol  (m.  p.  88°)  mixed  with 
another  substance  melting  at  75 — 76°,  which  docs  not  dissolve  in  aqueous  sodium 
carbonate,  was  obtained. 


LIGHT   ON   DIA20-REACTI0NS.      1.  47 

thus  no  nitrogen  was  given  off  from  a  1  per  cent,  solution  which 
was  kept  in  the  dark  for  twenty-eight  hours  (temperature  10 "5°)  ; 
but  on  exposure  to  sunlight  for  one  hour  72  per  cent,  of  the  salt 
was  decomposed.  On  again  placing  this  solution  in  the  dark,  de- 
composition ceased. 

Although  solutions  in  methyl  alcohol  at  the  ordinary  temperature 
are  stable  if  screened  from  light,  decomposition  rapidly  occurs  if  the 
solution  is  boiled,  s-tribromobenzene  being  alone  produced. 

The  main  decomposition  under  the  influence  of  light  is  accompanied 
by  a  small  amount  of  a  secondary  reaction,  namely,  the  elimination  of 
bromine,  and  the  formation  of  a  quinonediazide.  The  decomposition 
of  the  latter  in  light  causes  the  solution  to  bejome  deeply  coloured. 
The  solid  product  of  the  reaction  which  remains  in  solution  in  the 
methyl  alcohol  was  obtained  by  evaporating  the  solvent  after 
decomposition  had  been  completed,  sodium  carbonate  having  been 
added  to  neutralise  the  free  sulphuric  acid.  The  solid  residue,  which 
was  highly  coloured,  was  distilled  in  steam  ;  from  the  colourless  solid 
distillate  a  small  quantity  of  s-tribromophenol  was  extracted  by 
sodium  hydroxide.  It  melted  at  the  correct  melting  point,  95".  The 
main  portion  of  the  solid,  which  was  insoluble  in  sodium  hydroxide, 
melted  at  60 — 65°.  It  was  thought  that  this  solid  was  a  mixture  of 
s-tribromobenzene  (m.  p.  120°)  and  s-tribromoanisole  (m.  p.  88°),  but 
crystallisation  from  alcohol  did  not  change  the  melting  point.*  It  was 
therefore  treated  with  hydriodic  acid  in  order  to  convert  the  ether  into 
«-tribromophenol.  From  the  product  both  s-tribromobenzene  and 
s-tribromophenol  were  easily  isolated,  no  indications  of  the  presence  of 
a  third  substance  being  noticed.  The  relative  proportions  of  these  two 
substances  were  determined  by  estimating  the  methoxy-group  and 
determining  the  percentage  of  bromine  in  the  mixture.  The  two 
methods  agreed  closely,  within  one  per  cent.,  the  mixture  containing 
63 — 64  per  cent,  of  the  ether.  The  methoxy-group  was  estimated 
by  Zeisel's  method,  using  a  mixture  of  acetic  anhydride  and  hydriodic 
acid  to  decompose  the  ether  ;  two  hours'  heating  at  160°  was  found 
necessary   for   complete  decomposition. 

■  Effect  of  the  Presence  of  Water  or  Acids. — Addition  of  acid  or 
dilution  of  the  methyl  alcohol  with  water  does  not  greatly  change  the 
rate  of  the  decomposition  in  sunlight ;  in  both  cases  there  is  a  slight 
decrease.     In  the  presence  of  acid  (15  per  cent.  HoSO^),  bromine  is 

*  The  solubilities  of  s-tribromobenzene  aud  s-tribromoanisole  are  very  similar  in 
both  methyl  and  ethyl  alcohols.  Both  are  moderately  soluble  in  boiling  90  per  cent, 
ethyl  alcohol.  At  15°,  100  c.c.  of  this  alcohol  dissolves  1"03  grams  of  the  tribromo- 
anisole,  and  0'4  gram  of  the  tribromobenzene ;  these  are  almost  the  proportions  in 
which  these  two  substances  are  found  in  the  product  of  decomposition  of  the  di- 
azonium  salt  in  methyl  alcoholic  solution. 
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not  elimiuxted,  and  in  consequence    no  colour,  owing  to   the   decom- 
position of  quinonediazide,  developed. 

The  proportion  of  s-tribromobenzene  and  s-tribromoanisole  is  con- 
siderably modified  in  favour  of  the  former,  which  now  forms  the 
main  product  of  the  reaction  ;  s-tribronrobenzene  separates  in  the 
pure  state  during  the  decomposition.  Owing  to  this  effect  of  acid, 
high  concentrations  of  the  diazonium  hydrogen  sulphate,  4  per 
cent,  and  upwards,  yield  mainly  «-tribromobenzene  on  exposure  to 
light.  In  such  a  solution,  the  concentration  of  the  sulphuric  acid  is 
initially  decinormal,  and  as  the  decomposition  proceeds  becomes  fifth - 
normal. 

Behaviour  of  Alkalidiazotale  in  Methyl  Alcoholic  Solution. — The 
behaviour  of  methyl  alcoholic  solutions  of  sodium  or  potassium  s-tri- 
bromobenzenediazotates  offers  a  marked  contrast  to  that  of  the 
diazonium  salts.  A  1  per  cent,  solution  of  potassium  diazotate 
remained  quite  colourless  and  unchanged  during  four  hours'  exposure 
to  light. 

Decomposition  of  s-Tribromobenzenediazonium  Hydrogen  Sulphate  in 
Ethyl  Alcoholic  Solution. — s-Tribromobenzenediazonium  hydrogen 
sulphate  is  very  sparingly  soluble  in  ethyl  alcohol  at  the  ordinary 
temperature,  100  c.c.  dissolving  somewhat  less  than  0*2  gram.  In 
90  per  cent,  alcohol,  on  the  other  hand,  the  salt  dissolves  freely. 

A  suspension  of  the  salt  in  absolute  alcohol  changes  very  slowly  at 
the  ordinary  temperature  when  protected  from  the  light,  the  amount 
of  nitrogen  evolved  in  twenty-four  hours  being  only  just  detectable. 
On  the  other  hand,  the  solution  of  the  salt  in  90  per  cent,  alcohol  is 
unstable  even  in  the  dark  ;  a  1  per  cent,  solution  continuously  evolves 
nitrogen  (temperature,  11 — 12°),  50  per  cent,  of  the  salt  being 
decomposed  in  twenty-four  hours.  s-Tribromobenzene  is  the  main 
product  of  the  change,  but  at  the  same  time  bromine  is  eliminated, 
representing  about  10  per  cent,  of  one  atomic  proportion. 

On  exposure  to  sunlight,  both  the  suspension  of  the  salt  in  absolute 
alcohol  and  the  solution  (1  percent.)  in  90  per  cent,  alcohol  decompose 
very  rapidly.  Whilst  the  90  per  cent,  alcohol  becomes  very  deeply 
coloured,  the  absolute  alcohol  assumes  only  a  pale  yellow  tint.  The 
solid  products  in  the  two  cases  do  not  materially  differ,  and  consisted 
of  s-tribromophenetole  and  s-tribromobenzene. 

Dilution  of  the  alcohol  with  water  retards  the  decomposition  ;  thus 
two  similar  solutions  in  50  per  cent,  and  25  per  cent,  alcohol  had 
decomposed  resj^ectively  to  the  extent  of  82  and  62  per  cent,  after 
exposure  to  diffused  daylight  for  five  and  a  half  houi's.  In  both  cases, 
s-tribromobenzene  was  the  main  product,  a  small  amount  of  bromine 
being  eliminated. 

Tlie   effect    of    the    presence    of    excess    of    acid   was   tested   by 
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exposing  a  1  per  cent,  solution  of  the  diazouium  silt  in  a  15  per  cent, 
solution  of  sulphuric  acid  in  90  per  cent,  alcohol.  The  decomposition 
took  place  rapidly,  the  solution  acquiring  only  a  pale  yellow  tint.  No 
bromine  was  eliminated,  and  therefore  no  quinonediazide  formed,  a 
result  in  accord  with  all  previous  observations  as  to  the  effect  of  acid 
on  the  decomposition  of  this  diazonium  salt.  Co-related  with  the  non- 
formation  of  the  quinonediazide  is  the  absence  of  colour.  It  is  note- 
worthy that  in  this  case  also  stribromobenzene  is  the  only  product 
of  the  reaction. 

The  foregoing  observations  indicate  that  the  most  favourable 
conditions  for  the  formation  of  the  phenetole  are  to  be  found  in  the 
use  of  pure  alcohol  and  the  absence  of  acid.  The  preparation  in 
quantity  was  accordingly  carried  out  by  exposing  a  suspension  of  the 
diazonium  salt  (4  grams)  in  100  c.c.  of  alcohol.  When  all  the  solid 
had  dissolved  and  the  evolution  of  nitrogen  had  ceased,  the  solution 
was  evaporated  to  half  its  volume,  whereupon  pure  s-tribromobenzene 
(m.  p.  119 — 120°,  1-2  grams)  separated.  Since  s-tribromobenzene  is 
but  slightly  soluble  in  cold  alcohol,  almost  the  whole  of  this  substance 
is  thus  found.  The  mother  liquor  was  then  evaporated  to  di'yness  and 
the  product  recrystallised  from  alcohol,  but  such  treatment  failed  to  raise 
the  melting  point  above  60 — 65°,  whereas  s-tribromophenetole  melts 
at  74°.  Control  experiments,  moreover,  showed  that  it  was  difficult  to 
isolate  from  mixtures  of  s-tribromobenzene  and  the  phenetole,  and  then 
only  with  great  loss,  any  pure  phenetole.  The  composition  of  the 
mixture  was  accordingly  ascertained  from  estimations  of  bromine  and 
the  ethoxy  group ;  *  both  analyses  agreed  in  showing  that  the  mixture 
contained  70 — 72  per  cent,  of  the  ether.  After  treating  the  mixture 
with  hydriodic  acid,  the  resulting  s-tribromophenol  and  s-tribromo- 
benzene could  easily  be  separated  by  alkali.  From  these  results  it 
follows  that  the  original  mixture  of  s-tribromobenzene  and  s-tribromo- 
phenetole contained  about  5*7  per  cent,  of  the  former. 

Decomposition  of  &-Tribromohenzenediazoniuni  Hydrogen  Sulfjiiate  in 
Acetic  Acid  Solution. — s-Tribromobenzenediazonium  hydrogen  sulphate 
dissolves  freely  in  glacial  acetic  acid  (99  per  cent.)  ;  the  solution  is 
quite  stable  in  the  dark  at  the  ordinary  temperature,  but  becomes 
coloured  on  boiling,  s-tribromobenzene  being  formed.  On  exposing 
a  solution  (1  per  cent.)  to  sunlight,  decomposition  is  rapid  and 
complete ;    the   addition    of    an    equal    volume    of    water    causes    the 

*  In  order  to  obtain  an  accurate  estimation  of  the  ethoxy -group  in  s-tribroiuo- 
phenetole  by  Zeisel's  method,  very  prolonged  heating  of  the  substance  with  hydr- 
iodic acid  (1  vol.)  and  acetic  anhydride  (0'5  vol.)  is  necessary.  Thus,  in  one 
determination  (s-tribromophenetole  =  0"3426  gram),  ethyl  iodide  only  ceased  to  be 
given  off  after  six  hours'  heating,  the  percentage  of  ethoxy-group  being  found  =  11  '54, 
whilst  CgH2Br3'OEt  requires  1219  per  cent. 

VOL.    XCL  E 
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separation  of  colourless  needles  which  melt  at  82'^,  the  melting  point 
of  s-tribromophenyl  acetate,  CgHjBrg'OAc.  An  analysis  showed  that 
this  substance  was  quite  j^ure  : 

0-2103  gave  0-3186  AgBr.     Br  =  64-4G. 

CgHgOgBrg  requires  Br  =  64-33  per  cent. 

The  effect  of  diluting  the  acetic  acid  or  of  adding  sulphuric  acid  is 
to  decrease  the  rapidity  of  the  decomposition,  water  having  the  greater 
influence.  The  solid  product  obtained  from  the  dilute  acetic  acid 
consisted  of  a  mixture  of  «-tribromophenol  and  its  acetyl  derivative 
in  about  equal  proportions.  A  small  amount  of  phenol  was  also 
present  in  the  product  obtained  from  the  mixture  of  acetic  and  sul- 
phuric acids. 

Decomposition  of  s-Tribroinohenzenediazoniitm  Hydrogen  Suljyhate  in 

Various  Media. 

Formic  Acid. — The  diazonium  salt  is  readily  soluble  in  formic  acid 
(90  per  cent.) ;  in  the  dark,  the  solution  was  stable,  no  gas  being 
evolved.  On  exposure  to  svinlight,  a  very  rapid  decomposition  set  in  ; 
the  solid  product  consisted  mainly  of  s-tribromobenzene  mixed  with  a 
small  amount  of  s-tribromophenol ;  no  phenyl  formate  was  discovered. 
Since  the  formic  acid  had  acted  as  a  reducing  agent,  carbon  dioxide 
should  be  present  in  the  evolved  gas.  Examination  of  the  gas  showed 
this  supposition  to  be  correct. 

Propionic  Acid. — The  diazonium  hydrogen  sulphate  does  not  per- 
ceptibly dissolve  in  propionic  acid.  When  the  suspension  is  exposed 
to  sunlight  nitrogen  is  slowly  evolved,  and  the  solution  becomes 
coloured  a  deep  yellow.  Neither  s-tribromobenzene  nor  s-tribromo- 
phenol are  formed,  but  owing  to  the  slowness  of  the  decomposition 
sufficient  material  could  not  be  accumulated  to  determine  its  identity 
with  tribromophenyl  propionate. 

Sulphuric  Acid. — The  diazonium  salt  is  readily  soluble  in  concen- 
trated sulphuric  acid  (95  per  cent.).  The  colourless  solution  slowly 
evolves  nitrogen  in  sunlight.  On  cautiously  diluting  the  solution, 
pure  s-tribromophenol  crystrallises  out  free  from  any  trace  of  by- 
product. 

Nitric  Acid. — Fuming  nitric  acid  (sp.  gr.  1-5)  dissolves  the 
diazonium  salt  freely.  The  decomposition  in  sunlight  is  complicated  by 
the  concomitant  decomposition  of  the  nitric  acid,  and  by  the  interaction 
of  the  acid  with  the  primary  product, which  is  probably  s-tribromophenol. 
Bromine  is  partly  displaced  by  the  nitro-group,  and  can  be  estimated 
in  the  solution.  It  was  not  possible  to  isolate  a  single  substance  from 
the  mixture  of  nitrobi'omophenols,  but  picric  acid  appeared  not  to  be 
present. 
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Organic  Liquids. — The  diazonium  salt  does  not  dissolve  to  any 
extent  in  glycerol,  lactic  acid,  butyric  acid,  or  ethyl  acetoacetate.  The 
suspension  in  the  two  solvents  first  named  decomposes  fairly  rapidly, 
s-tribromobenzene  being  formed  in  each  case.  In  the  other  two  media, 
the  decomposition  is  very  slow. 

Decomposition  of  Other  Substituted  Diazohenzenes. 

2  :  Q-Dibromodiazohenzene. — The  behaviour  of  this  diazonium  hydro- 
gen sulphate  towards  light  is  similar  to  that  of  the  s-tribromo-deriv- 
ative,  and  affords  an  extremely  easy  method  of  preparing  2  :  6-dibromo- 
phenol.  In  aqueous  solution  the  decomposition  is  very  rapid,  a  very 
small  quantity  of  bromine  (2-54  per  cent,  of  one  atomic  proportion) 
being  eliminated.  The  phenol  was  freed  from  a  small  quantity  of 
brown  solid,  the  decomposition  product  of  the  bromoquinonediazide, 
by  dissolving  in  sodium  hydroxide.  The  phenol  melted  at  56°  and 
gave  the  following  numbers  on  analysis  : 

0-147  gave  0-2186  AgBr.     Br=:63-3. 

CgH^OBrg  requires  Br  =  63'5  per  cent. 

This  phenol  can  also  be  prepared  easily  from  the  diazonium  salt  by 
Heinichen's  method  {loc.  cit.),  using  a  63  per  cent,  solution  of  sul- 
phuric acid.  Decomposition  is  complete  in  three-quarters  of  an  hour  ; 
the  yield  is  good  and  no  appreciable  amount  of  quinonediazide  or  other 
substance  seems  to  be  formed. 

2:3:4:  Q-Tetrabromodiazobenzene. — In  the  decomposition  of  aqueous 
solutions  of  this  diazonium  hydrogen  sulphate  by  sunlight,  the 
quinonediazide  decomposition  takes  a  more  prominent  place,  some 
15  per  cent,  of  one  atomic  proportion  of  bromine  being  eliminated. 
The  tetrabromophenol  which  is  mainly  formed  can  be  obtained  in  a 
purer  state  when  the  decomposition  is  effected  in  15  per  cent,  sulphuric 
acid,  the  quinonediazide  decomposition  being  then  inconsiderable.  The 
phenol  melted  at  115°  : 

0-1448  gave  0-2645  AgBr.     Br  =  77-7. 

CgH^OBr^  requires  Br  =  78-01  per  cent. 

When  this  salt  was  heated  in  63  per  cent,  sulphuric  acid  solution,  a 
rapid  and  complex  decomposition  took  place.  As  much  as  53-6  per 
cent,  of  one  atomic  proportion  of  bromine  appears  in  the  solution. 
Very  small  amounts  of  two  crystalline  products  were  noticed,  but  no 
tetrabromophenol  was  isolated. 

2:4:  %-Tribromo-Z-nitrodiazohenzene. — The  decomposition  of  this 
diazonium  salt,  which  is  very  rapid  when  a  ^  per  cent,  solution  is 
exposed  to  sunlight,  appears  to  be  very  complex  ;  46 — 47  per  cent,  of 
one  atomic  proportion  of  bromine  is  eliminated,  and  the  solid  product 

E  2 
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is  a  mixture  of  the  decomposition  product  of  the  quinonediazide  and  the 
phenol  arising  directly  from  the  diazonium  salt.  The  addition  of 
sulphuric  acid  reduced  the  proportion  of  the  quinonediazide  decom- 
position; nevertheless  some  17"8  per  cent,  of  bromine  was  eliminated. 

■^'Nitrodiazohenzene. — The  existence  of  the  remarkably  stable 
jo-nitrobenzenediazotates  and  the  corresponding  nitrosoamine  has 
rendered  possible  the  testing  of  the  action  of  light  on  these  classes  of 
substances.  A  dilute  aqueous  solution  of  the  jjure  sodium  p-nitro- 
benzenediazotate  was  exposed  to  light  for  several  days.  The  liquid 
darkened  slightly,  and  about  2  c.c.  of  gas  were  evolved.  Examination 
of  the  solution  after  exposure  showed  that  the  diazotate  was  mainly 
unchanged. 

'g-Nitro2)henylnitro8oa')nine  (p-nitrobenzenediazohydroxide),  which 
was  prepared  by  Schraube  and  Schmidt's  method  from  sodium  p-nitro- 
benzenediazotate,  is  insoluble  in  cold  water  and  slowly  decomposes  at 
the  ordinary  temperature.  In  the  dark  at  0°  it  is,  however,  quite 
stable.  A  suspension  in  water  was  exposed  to  sunlight  in  a  flask 
which  was  immersed  in  ice  and  water,  the  light  having  access  to  one 
side  of  the  flask.  The  substance  rapidly  darkened  and  nitrogen  was 
slowly  evolved,  4  c.c.  being  collected  during  two  homes'  exposure. 

Decomposition  of  Diazobenzene  in  Light. 

Inasmuch  as  acid  solutions  of  diazobenzene  readily  undergo  the 
phenolic  decomposition  at  the  ordinary  temperature,  testing  of  the 
accelerating  effect  of  sunlight  on  this  change  was  somewhat  diflicult. 
Moreover,  sunlight  produces  other  changes  in  solutions  of  this 
diazonium  salt,  which  result  in  causing  the  liquid  to  become  dark  and 
turbid,  effects  which  prevent  light  from  gaining  access  to  the  liquid 
and  thus  stop  the  reaction. 

Two  exactly  similar  solutions  of  the  diazonium  hydrogen  sulphate 
were  made  up  in  20  per  cent,  sulphuric  acid,  and  placed  in  flasks 
connected  with  nitrometers.  One  was  exposed  to  sunlight  and  the  other 
placed  in  a  dark  room,  each  being  immersed  in  mixtures  of  ice  and 
water.  The  solution,  which  was  exposed  to  sunlight,  became  dark  and 
turbid,  and  nitrogen  was  slowly  evolved.  The  solution  in  the  dark  did 
not  change  in  appearance,  but  a  small  volume  of  nitrogen  was  evolved, 
at  about  a  quarter  of  the  rate  of  the  solution  exposed  to  light.  The 
solutions,  still  thoroughly  cold,  were  extracted  with  chloroform  in  order 
to  isolate  any  phenol.  The  residues  left  after  evaporating  the  chloroform 
were  distilled  in  steam,  and  the  aqueous  solutions  treated  with  bromine 
water.  The  distillate  from  the  solution  which  was  exposed  to  light 
gave  a  precipitate  of  s-tribromophenol  (m.  p.  95°),  whilst  that  from  the 
screened  solution  gave  only  a  slight  turbidity. 
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Similar  experiments  were  made  with  a  "  normal "  diazo-solution, 
which  was  made  up  by  adding  25  c.c.  of  a  solution  of  benzenediazonium 
chloride  (from  1  gram  of  aniline)  to  30  c.c.  of  a  10  per  cent,  solution 
of  sodium  hydroxide.  This  solution  decomposes  when  kept  in  the 
dark  at  the  ordinary  temperature,  25  c.c.  of  nitrogen  being  evolved 
in  twenty- four  hours.  A  similar  solution,  in  which,  however,  30  c.c.  of 
a  30  per  cent,  solution  of  sodium  hydroxide  were  used,  instead  of  the 
10  per  cent,  solution,  was  more  stable,  and  decomposed  very  slowly 
in  the  dark  ;  light  did  not  appear  appreciably  to  hasten  the  rate  of 
decomposition. 

Decomposition  of  Methyldiazohenzenes. 

^-Bromo-i-diazo-mxylene. — Unlike  other  s-trisubstituted  anilines  in 
which  negative  groups  such  as  the  nitro-group  or  bromine  are  present, 
5-bromo-?ft-xylidine  can  be  diazotised  in  dilute  acid  solution.  The 
solid  diazonium  salts  can  be  prepared  very  readily  in  the  usual  way. 

Aqueous  solutions  of  the  diazonium  salts  are  quite  stable  at  the 
ordinary  temperature,  provided  that  they  are  screened  from  light. 
Thus  a  1  per  cent,  solution  of  the  diazonium  hydrogen  sulphate  in 
15  per  cent,  sulphuric  acid  was  kept  in  a  flask  connected  with  a  nitro- 
meter for  seventy- three  days,  the  temperature  ranging  from  10 — 15° 
during  that  period.  No  gas  was  evolved,  but  when  this  solution  was 
exposed  to  sunlight,  a  rapid  decomposition  set  in,  gas  being  given  off, 
and  an  oil  separating.  No  bromine  is  eliminated  and  the  diazonium 
salt  can  be  converted  quantitatively  into  the  xylenol.  This  change 
can  be  brought  about  with  equal  readiness  by  boiling  the  aqueous 
solutions  of  the  diazonium  salts.  Very  different  is  the  behaviour  of 
solutions  of  the  diazotates.  In  the  dark  they  are  quite  stable,  and 
when  exposed  to  sunlight  only  show  signs  of  decomposition  if 
the  excess  of  alkali  is  slight  and  consequently  the  hydrolysis 
considerable. 

CH3 

5-£ro7)io-m.-4:-xylenol,     j.  j        Ipyr  • 


OH 

This  xylenol  appears  to  have  been  prepared  by  Noelting,  Braun,  and 
Thesmar  (Ber,,  1901,  34,  2242)  from  the  corresponding  xylidine. 
These  authors  state  that  the  xylenol  is  a  solid  melting  at  72°.  We 
have,  however,  found  that  the  xylenol  obtained  from  5-bromo- 
m-4-xylidine  by  diazotising  and  then  decomposing  the  diazonium  salt 
either  by  boiling  or  by  exposing  its  aqueous  solution  to  light,  is  an  oil 
at  the  ordinary  temperature.     Moreover,  bromination  of  ??i-4-xylenol 
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also    yields    a    monobromo-derivative    which    is    identical    with    the 
substance  obtained  from  the  bromoxylidine. 

Bromination  of  vn-i-Xylenol. — A  solution  of  bromine  (6"55  grams)  in 
acetic  acid  was  added  to  a  solution  of  m-4-xylenol  (5  grams)  in  the  same 
solvent  in  which  fused  sodium  acetate  (3 "6  grams)  was  suspended. 
Bromination  was  instantaneous,  heat  being  developed.  The  xylenol 
was  separated  by  addition  of  water,  and  distilled  in  steam,  and  after 
separation  from  the  aqueous  distillate  by  chloroform  and  drying  in  the 
latter  solvent,  the  oil  was  fractionated  under  reduced  pressure.  It 
was  colourless,  boiled  at  110'5°  under  18  mm.  pressure,  and  had  a 
sp.  gr.  1-4569  at  1174°: 

0-1235  gave  0-1141  AgBr.     Br  =  39-89. 

CgHgOBr  requires  Br  =  39-80  per  cent. 

The  bromoxylenol  prepared  from  the  bromoxylidine  by  way  of  the 
diazo-compound,  boiled  at  112°  under  20  mm.  pressure,  and  had  a 
sp.gr.  1-4607  at  1174°. 

An  analysis  of  a  specimen  obtained  by  boiling  a  solution  of  the 
diazonium  salt  gave  the  following  numbers  : 

0-1215  gave  0-1145  AgBr.     Br  =  40-10  per  cent. 
A  specimen  obtained  by  exposing  a  solution  of  the  diazonium  salt  to 
light  gave  the  numbers  : 

0-1098  gave  0-1018  AgBr.     Br  =  39-45. 

CgHgOBr  requires  Br  =  39-80  per  cent. 
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<6- Bromo-il/-cu7nidine  (6-JBromo-5-a7nino-l  :  2  :  ^-irimethylbenzene). — 
This  base  has  apparently  hitherto  not  been  described.  It  is  readily 
prepared  by  brominating  i/^-cumidine  in  acetic  acid  solution  in  the 
presence  of  sodium  acetate,  care  being  taken  to  add  the  solution  of 
the  base  to  the  solution  of  the  bromine.  The  bromo-i/^-cumidine  is 
precipitated  by  addition  of  water  and  purified  by  distilling  in  steam. 
It  crystallises  from  dilute  alcohol  in  long,  colourless  needles  melting 
at  68—69°  : 

0-1906  gave  0-1675  AgBr.     Br  =  37-4. 

CglljoNBr  requires  Br  =  37*4  per  cent. 

The  salts  of  this  base  are  not  markedly  hydrolysed  by  water,  thus 
resembling  those  of  bromoxylidine.  It  is  very  readily  acetylated  by 
heating  for  a  short  time  with  acetic  anhydride  at  100°;  the  acetyl 
derivative  crystallises  in  clusters  of  four-sided  prisms  melting  at  206°. 
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It    can  easily   be   diazotised  in  dilute  acid  solution,    and  the  solid 
diazonium  hydrogen  sulphate  can  be  prepared  in  the  usual  way. 

Acid  solutions  of  bromo-t/^-diazocumene  behave  in  exactly  the  same 
way  as  do  those  of  bromodiazoxylene.  Kept  in  the  dark  at  the 
ordinary  temperature  they  are  quite  stable,  but  on  exposure  to  light, 
gas  is  immediately  evolved,  and  a  turbidity  soon  appears  in  the 
solution.  Pure  6-bromocumenol  (m.  p.  32 — 33°)  slowly  separates  in 
needles.  Boiling  of  the  aqueous  solutions  of  the  salts  brings  about  a 
rapid  and  quantitative  conversion  into  the  bromocumenol. 

5-Diazo-ip-cumene. — An  attempt  was  made  to  contrast  the  de- 
composition of  an  acid  solution  of  diazo-i/^-cumene  exposed  to  light 
with  one  kept  in  the  dark.  At  the  ordinary  temperature,  this  diazo- 
compound  decomposes  fairly  quickly,  whether  screened  fi'om  light  or 
not.  At  0—2°,  a  marked  difference  is  observed ;  whilst  the  solution 
which  is  kept  in  the  dark  very  slowly  evolves  niti-ogen,  the  other 
decomposes  rapidly.  i/^-Cumenol  crystallised  out  as  the  decomposition 
proceeded,  and  melted  at  71°. 

3  :  5-I)ibro7no-o-diazotoluene,  and  3  :  Q-Dibronio-ip-diazotohiene. — The 
dibromodiazotoluenes  resemble  very  closely  s-tribromodiazobenzene. 
Solutions  of  the  hydrogen  sulphates  are  quite  stable  in  the  dark,  but 
on  exposure  to  light  rapidly  decompose.  In  aqueous  solution,  a  small 
amount  of  bromine  is  eliminated,  and  the  3  : 5-dibromocresol,  which 
separates  during  the  change,  is  discoloured  by  the  products  of  de- 
composition of  the  quinonediazide.  Quantitative  experiments  have 
shown,  however,  that  only  10  per  cent,  of  the  diazonium  salt  under- 
goes the  quinonediazide  decomposition,  the  remaining  90  per  cent, 
being  converted  into  cresol.  If  the  decomposition  is  carried  out  in 
15  per  cent,  sulphuric  acid  solution,  no  bromine  is  eliminated,  and  the 
cresol  separates  in  almost  pure,  colourless  needles. 

The  cresols  can  easily  be  isolated  from  the  product  of  the  action  of 
light  by  distilling  in  steam.  3  : 5-Dibromo-o-cresol  crystallised  in  long 
needles  melting  at  55°  : 

0-1372  gave  0-1932  AgBr.     Br  =  59-93. 

C7lT^OBr2  requires  Br  =  60*12  per  cent. 

3  : 5-Dibromo-/)-cresol  was  obtained  in  needles  melting  at  43 — 44:°  : 
0-1506  gave  021 23  AgBr.     Br  =  59-98  per  cent. 

When  dikite  (1  per  cent.)  aqueous  solutions  of  the  sulphates  are 
heated  at  100°,  rapid  decomposition  ensues;  about  70  per  cent,  of  the 
total  nitrogen  in  the  diazo-compound  is  given  oif  as  gas.  A  dark 
brown,  amorphous  solid  separated  from  which  no  cresol  could  be 
isolated ;  the  filtrate  was  quite  colourless  and  free  from  both  un- 
changed diazonium  compound  or  quinonediazide,  but  a  trace  of 
bromine  was  present. 
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The  dibromodiazotoluenes  differ  from  tribromodiazobenzene  in  that 
they  readily  yield  the  corresponding  cresols  when  they  are  heated  in 
solution  in  63  per  cent,  sulphuric  acid.  Decomposition  is  very 
rapid,  and  a  crystalline  substance  distils  over,  which  is  mainly  the 
cresol. 

Solutions  of  the  sodium  dibromotoluenediazotates  can  be  easily 
prepared,  and  accordingly  offer  an  excellent  means  of  demonstrating 
the  stability  of  these  substances  to  light.  After  three  days'  exposure 
of  the  sodium  derivative  of  dibromo-o-diazotoluene  in  1  per  cent, 
aqueous  solution,  the  liquid  was  still  quite  colourless ;  no  measurable 
amount  of  gas  had  been  evolved. 

The  authors  are  indebted  to  the  Chemical  Society  and  to  the 
British  Association  for  the  Grants  which  have  largely  defrayed  the 
cost  of  these  researches.  They  wish  to  take  this  opportunity  of 
expressing  their  thanks  to  these  Societies. 

Univeiisity  College  of  North  Wales, 
Baxgou. 


V. — On  the  More  Exact  Determination  of  the  Densities 

of  Crystals. 
By  The  Earl  of  Berkeley. 

This  communication  was  read  at  the  meeting  of  the  British  Associa- 
tion at  Bristol  in  1898,  It  has  not  hitherto  been  published  as  it  was 
part  of  a  somewhat  lengthy  research  on  the  molecular  volumes  of 
crystals.  The  appearance  of  Messrs,  Barlow  and  Pope's  recent  paper 
(Trans,,  1906,  89,  1675)  has  so  illuminated  the  subject,  that  it  is  not 
considered  necessary  to  pursue  the  matter  any  further. 

A  comparison  of  the  several  values  obtained  by  different  observers, 
for  the  density  of  one  and  the  same  salt,  shows  variations  which  in 
some  cases  amount  to  10  per  cent.  As  the  density  is  supposed  to  be 
independent  of  the  way  in  which  the  crystals  have  been  produced, 
these  discordant  results  must  be  ascribed  to  errors  of  observation. 

Of  these  errors  the  following  seem  to  be  the  most  important. 

(1)  Errors  in  the  operation  of  determining  the  density. 

(2)  Errors  caused  by  air  adhering  to  the  crystals. 

(3)  Errors  due  to  the  hygroscopic  nature  of  the  salts. 

(4)  Errors  induced  by  the  mother  liquor  occluded  in  the  crystals. 
In  this  paper  I  propose  to  describe  the  means  whereby  the  amount  of 
error  due  to  the  first  three  causes  have,  I  believe,  been  reduced. 
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Fig.  1. 


(1)  Operation  of  Determining  the  Density. — Two  similar  conical 
pyknometers  (Fig.  1),  of  about  7  c.c.  capacity,  were  made  by  Mr. 
Miiller  from  Jena  thermometer  glass.  These  are  fitted  with  carefully 
ground  thermometer  stoppers  and  the  thermometers  are  graduated  in 
tenths  of  a  degree  such  that  the  hundredth  of  a  degree  can  be 
estimated.  The  thermometers  were  standardised  at  Kew.  The 
side  capillaries  are  graduated  in  millimetres  and  were  calibrated  by 
running  weighed  mercury  threads  along  the  bores  and  reading  their 
lengths. 

The  capacity  (7  c.c.)  was  chosen  as  being  sufficiently  great  to  keep 
down  errors  of  weighing  and  of  manipulation.  The  greater  the 
capacity  of  the  pyknometer  the  thicker  the  walls  ; 
consequently  it  will  take  more  than  proportion- 
ately longer  for  the  larger  quantity  of  liquid  to 
attain  a  constant  temperature  when  in  the  balance 
case.  Also  a  greater  quantity  of  salt  will  be  re- 
quired to  keep  the  proportion  of  salt  to  liquid 
the  same,  and  hence  the  more  difficult  it  will  be 
to  dry  and  to  free  from  adhering  air.  One  of 
the  pyknometers  was  used  throughout  the  weigh- 
ings as  a  counterpoise,  and  to  obtain  the  most 
accurate  results  I  found  it  essential  that  the 
surface  of  each  pyknometer  should  be  similarly 
treated ;  if,  for  instance,  the  pyknometer  itself 
had  been  filled  with  carbon  tetrachloride  and  its 
surface  wetted  with  that  liquid,  the  surface  of 
the  counterpoise  should  also  be  wetted  with  the 
same  liquid  and  both  similarly  dried  before 
weighing. 

The   pyknometers,    after   steaming  for  twenty 
minutes,    were  heated  to    130°  and   cooled;  this 
heating   and    cooling   was   repeated    about    fifty 
times  so  as  to  obtain,  as  far  as  possible,  a  constant  state  of  molecular 
aggregation  in  the  glass. 

(«)  The  capacity  of  the  pyknometer  was  then  determined.  It  was 
filled  with  distilled  water  and  placed  in  a  small  desiccator  connected  to 
a  Sprengel  pump.  Vigorous  boiling,  which  was  continued  for  three- 
quarters  of  an  hour,  was  promoted  by  tapping  the  bottom  of  the 
desiccator.  The  pyknometer  was  then  placed  on  the  pan  of  an 
ordinary  spring  balance  and  the  stopper  inserted  and  pressed  home, 
the  reading  of  the  balance  index  being  noted  so  that  in  future  the 
stopper  could  be  pressed  home  with  the  same  pressure  ;  the  presumption 
is  that  with  the  same  pressure  and  the  same  orientation  of  stopper  to 
neck,  the  former  will  go  home  to  the  same  extent.     It  is  well,  however, 
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to  check  this  assumption  by  redetermining  the  capacity;  for  after 
much  use  the  stopper  is  ground  further  into  the  neck,  especially  if 
powdered  minerals  have  been  used. 

After  the  pyknometer  and  its  counterpoise  have  been  wiped  dry, 
they  are  placed  on  the  pans  of  the  balance,  and  when  the  level  of  the 
liquid  in  the  capillary  has,  in  consequence  of  evaporation  round  the 
neck,  fallen  below  the  highest  graduation,  the  weight  is  determined, 
and  at  the  same  time  the  level  in  the  capillary  and  the  temperature  of 
the  liquid  are  noted ;  care,  however,  should  be  taken  that  the 
temperatui^e  iis  fairly  constant.  From  these  data  the  capacity  of  the 
pyknometer  is  calculated  in  the  usual  way,  all  weights  being 
corrected  for  displaced  air. 

The  following  are  the  values  obtained  for  this  capacity,  reduced  to 
the  zero  mark  of  the  capillary  : 


Temp. 

Cajiacity. 

Temp. 

Cai)acity. 

14-90° 

7-15303  c.c. 

15-27° 

7-15.'il5  c.c 

14'95 

7-15322     „ 

15-60 

7-15298     „ 

14-95 

7-15305     „ 

15-52 

715316     ,, 

14-97 

7-15293     ,, 

15-96 

7-15311     ,, 

The  greatest  difference  between  any  two  observations  is  0-00029  c.c. 
and  this  corresponds  to  an  error  of  0-004  per  cent. 

The  mean  of  these  numbers  was  taken  as  the  capacity  at  the  mean 
temperature,  and  the  capacity  at  any  other  temperature  was  calculated 
from  the  known  cubical  expansion  of  the  Jena  glass. 

(6)  The  liquid  used  for  determining  the  volume  occupied  by  the 
crystals  was  carbon  tetrachloride.  It  was  purchased  from  Messrs. 
Kahlbaum  and  redistilled  at  constant  temperature  after  digesting  with 
fused  calcium  chloride  for  several  weeks.  Both  during  the  distillation 
and  when  drawing  off  the  liquid  for  use,  the  access  of  moist  air  was 
prevented  by  means  of  calcium  chloride  tubes. 

The  density  of  the  carbon  tetrachloride  was  found  to  be  the  same  at 
the  end  of  a  year  as  it  was  shortly  after  distillation.  The  pyknometer 
is  tilled  with  air-free  carbon  tetrachloride  in  a  manner  similar  to  that 
already  described,  and  then  wiped  dry  as  in  the  case  of  water. 

Owing  to  the  high  coefficient  of  expansion  of  the  liquid,  it  is  im- 
portant that  the  pyknometer  thermometer  bhould  register  the  true  tem- 
perature of  the  liquid  and  glass.  A  double- walled  glass  case  surrounding 
the  balance  case  was  found  insufficient  to  secure  a  steady  temperature, 
and  eventually  a  zinc  tank  filled  with  water  and  placed  over  and  round 
three  sides  of  the  balance,  whil&t  the  heat  of  the  observer  was  cut  off 
on  the  fourth  side  by  a  glass  trough  filled  with  water,  was  substituted 
and  found  effectual.  By  this  means,  in  about  one  and  a  half  hours, 
*  These  observations  were  obtiiiued  after  an  interval  of  some  weeks. 
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after  placing  the  pyknometer  on  the  balance,  the  thermometer  does 
not  change  by  more  than  0-01°  in  fifteen  minutes. 

The  following  table  gives  the  densities  of  the  carbon  tetrachloride 
used,  and  for  comparison,  those  calculated  from  Prof.  Thorpe's  results 
(Trans.,  1880,  37,  199) : 


Density. 


Temp. 

Self. 

Thorpe. 

DifF. 

Temp. 

Self. 

Thori)e. 

Ditr. 

16-44° 

1-60133 

1-59980 

0-00153 

14-88° 

1-60438 

1-60286 

0-00152 

16-33 

1-60157 

1-60003 

0-00154 

14-68 

1-60475 

1-60324 

0-00151 

16-17 

1-60189 

1-60033 

0-00156 

13-94 

1-60620 

1-60467 

0-00154 

15-55 

1-60310 

1-60155 

0-00155 

Density. 


Thinking  that  the  somewhat  large  differences  between  our  values 
might  be  caused  by  dissolved  air,  I  determined  the  density  of  my 
unboiled  carbon  tetrachloride  with  the  following  results  : 


Temp. 

Self. 

Thorpe, 

Dilf. 

15-47° 

1-60291 

1-60171 

0-00121 

15-35 

1-60320 

1-60195 

0-00125 

To  show  the  effect  of  the  rate  of  change  of  temperature  when  the 
pyknometers  are  on  the  balance  pans,  I  append  the  following  : 


Density. 


Temp.  Rate  of  change. 

15-67°  0-04°  in  20  minutes  (falling) 

14-34  0-02    ,,  10 

17-67  0-03    ,,  20 

14-04  0-02    ,,  15         ,,        (rising) 

16-92  0-02    „  20 

16-42  0-04    ..  20 


Self. 

Thorpe. 

DifF. 

1-60274 

1-60132 

0-00142 

1-60534 

1-60390 

0-00144 

1-59904 

1-59741 

0-00163 

1-60584 

1-60448 

000136 

1-60052 

1-59887 

0-00167 

1-60144 

1-59984 

0  00160 

(c)  To  determine  the  density  of  the  crystals,  the  pyknometer,  con- 
taining a  known  weight  of  salt,  is  placed  in  the  "bulb  desiccator" 
(shown  in  Fig.  2),  the  bulb  of  which  has  previously  been  half-filled 
with  carbon  tetrachloride.  The  liquid  is  then  caused  to  boil  by 
exhausting  through  A,  and  warming  and  tapping  the  bottom 
of  the  bulb.  Tap  A  is  then  closed,  .and  the  exhaustion  continued 
through  B  for  at  least  three-quarters  of  an  hour,  the  bottom  of  the 
desiccator  being  vigorously  tapped  at  intervals  so  that  the  vapour  of  the 
liquid  may  penetrate  among  the  powdered  crystals  and  thus  sweep  out 
the  air.  The  apparatus  is  then  disconnected  from  the  pump  and  while 
still  vacuous  is  tilted  so  that  the  liquid  in  the  bulb  flows  down  the 
fine  capillary,  C,  into  the  pyknometer.  The  pyknometer  is  then 
weighed  as  already  detailed. 
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The  following  results  were  obtained  for  the  density  of  powdered  and 
ignited  qviartz  : 

Density  of  Quartz. 

Observed  in  carbon  tetrachloride. 


Obsen 

-ed 

in  water. 

' 

Density, 

^ 

^ 

■* 

Temp. 

Density. 

Temp. 

-^ 

^ 

21-95° 

2-6484 

21-14° 

2-6486 

2-6486 

21-75 

2-6487 

21-07 

2-6480 

2-6480 

21-52 

2-6487 

20-18 

2-6483 

2-6482 

21-48 

2-6487 

19-99 

2-6485 

2-6484 

21-24 

2-6486 

18-85 

2-6483 

2-6480 

18-24 

2-G489 

2-6486 

Fig.   2. 


In  the  last  column,  the  density  observed  in  carbon  tetrachloride  is 

corrected  to  21°  by  the  use 
of  Fizeau's  coefficient  of  ex- 
pansion of  quartz.  The 
greatest  difference  between 
any  two  of  these  is  0-0007, 
which  corresponds  to  a  maxi- 
mum error  of  0  02  per  cent. 
It  was  considered  possible 
that  there  might  be  some 
difference  in  the  densities  of 
large  and  small  fragments 
of  the  same  substance.  A 
clear  specimen  of  barytes 
was  selected,  coarsely  pow- 
dered, and  then  sifted 
through  sieves  of  different 
mesh.  The  density  of  the 
fragments  retained  by  the 
finest  mesh,  the  openings  of 
which  average  0-36  by  0-33 
mm.,  was  compared  with 
that  of  the  fragments  re- 
tained by  the  medium  mesh 
(0-59  by  0-54  mm.).  The  barytes  fragments  were  heated  to  200°  and 
cooled  over  sulphuric  acid  before  each  observation.  The  results  are  as 
follows  : 

Density  of  Barytes. 
Small  fragments.  Lar£;e  fragments. 


Temp. 

Density. 

Temp. 

Density. 

*  15-76° 

4-4700 

*  16-46° 

4-4702 

*  15-96 

4-4698 

*  15-05 

4-4707 

16-67 

4-4696 

17-35 

4-4701 

16-75 

4-4702 

17-06 

4-4697 

16-07 

4-4703 
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The  observations  marked  (*)  were  obtained  with  fragments 
immersed  in  water,  the  remainder  in  carbon  tetrachloride.  The 
greatest  difference  between  any  two  observations  is  O'OOll,  which 
corresponds  to  a  maximum  eiTor  of  0*025  per  cent.  It  will  be 
noticed  that  there  seems  to  be  no  difference  between  the  two  sets  of 
densities. 

(2)  Air    Held    by    the     Crystals. — In     section    (c)    I    have    already 


Fig.  ?,. 


described  the  method  whereby  it  was  hoped  that  the  air  difficulty  had 
been  overcome.  It  is  evident  that  the  shape  of  the  pyknometer 
lends  itself  to  this  method,  for  the  salt,  while  conserving  the  same 
relative  proportion  of  salt  to  liquid,  can  lie  in  a  thinner  stratum  than 
in  either  a  cylindrical  or  globular  form  of  pyknometer. 

The  ordinary  method  of  covering  the  salt  with  the  liquid  and 
boiling  in  a  vacuum  leads  to  loss  of  salt  through  spirting,  and  also  to 
the  adhesion  of  small  particles  to  the  inside  of  the  neck  which  prevents 
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the  stopper  from  going  right  home.*  The  method  of  boiling  has, 
however,  to  be  employed  in  the  case  of  hygroscopic  salts. 

(3)  Moisture  Retained  by  the  Crystal  Faces. — The  apparatus  shown 
in  Fig.  3  was  found  satisfactory.  The  crystals  are  placed  in  the 
pyknometer,  which  is  brought  into  A  and  a  current  of  dry  air  passed 
over  them,  entering  by  B  and  leaving  by  C  to  go  through  a  tared 
U-tube  containing  phosphorus  pentoxide.  The  lower  part  of  the 
desiccator  is  heated  in  an  air-oven  to  whatever  temperature  is 
necessary  to  expel  the  moisture,  and  the  air  current  is  .stopped  when 
the  phospliorus  pentoxide  tube  reaches  a  constant  weight.  The  whole 
apparatus  is  then  exhausted,  and  the  end  of  the  capillary  tube,  D, 
broken  under  carbon  tetrachloride.  When  the  crystals  have  been 
covered  to  a  depth  of  about  1  centimetre,  the  pyknometer  and 
its  contents  are  transferred  to  the  "  bulb  desiccator,"  and  the  liquid 
covering  the  salt  is  boiled  for  about  three-quarters  of  an  hour ;  the 
pyknometer  is  then  filled  and  weighed  as  before. 

The  weight  of  crystals  introduced  can  be  found  by  evaporating  the 
carbon  tetrachloride  after  the  density  has  been  determined. 

This  method  was  tested  on  potassium  carbonate  with  the  following 
results  : 

Density  of  Potassium  Carbonate. 


Temp.  Density. 

16-20°  2-3320 

16-14  2-3322 


Temp.  Density. 

16-13°  2-3314 

17-00  2-3312 


The  maximum  error  is  0-04  per  cent. 

(4)  Mother  Liquor  in  the  Crystals. — No  general  method  of  over- 
coming this  source  of  error  was  found.  Some  substances  give  the  same 
density  when  obtained  under  conditions  which  differ  fairly  widely,  but 
others,  such  as  potassium  chloride,  even  when  crystallised  from  a 
solution  which  was  kept  at  a  constant  temperature  and  con- 
tinuously stirred,  give  successive  crops  which  differ  markedly  in  their 
density. 

The  greater  part  of  this  investigation  was  carried  out  at  the  Christ 
Church  Laboratory,  Oxford  ;  I  am  glad  to  have  this  opportunity  of 
thanking  Mr.  A.  Vernon  Harcourt  for  his  kind  permission  to  use  the 
resources  of  this  laboratory. 

*  A  useful  precaution  to  take  is  to  note  the  rate  at  wliicli  the  carbon  tetrachloride 
evaporates  normally  (loss  of  weight)  when  on  the  balance  ;  the  presence  of  jjarticles 
in  the  neck  will  be  indicated  by  an  increase  in  the  rate. 
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VI. — Action  of  Reducing  Agents  on    5-Chloro-S-keto- 
1  :  1  -dimethyl-A'^-tetrahydrobenzene. 

By  Arthur  William  Crossley  and  Nora  Renouf,  Salters'  Research 

Fellow, 

Some  little  time  since  (Trans.,  1905,  87,  1487),  the  authors  described 
the  action  of  sodium  in  moist  ethereal  solution  on  5-chloro-3-keto-l  :  1- 
dimethyl-A*-tetrahydrobenzene  (I)  and  showed  that  the  main 
product, 

I.  II. 

of  the  reaction  was  3-hydroxy-l  :  1-dimethylhexahydrobenzene  (II), 
which  may  be  described  as  the  limit  reduction  product  of  the  chloro- 
ketone.  The  main  object  of  the  present  investigation  was  to  find 
reducing  agents,  less  powerful  than  sodium  in  moist  ethereal  solution, 
which  vvould  be  discriminating  in  their  action  ;  so  that  it  might  be 
possible  to  prepare  from  chloroketodimethyltetrahydrobenzene,  first,  a 
ketodimethyltetrahydrobenzene,  differing  from  the  former  only  in  that 
chlorine  would  be  replaced  by  hydrogen,  and  secondly,  the  corre- 
sponding ketodimothylhexahydrobenzene. 

Chloroketodimethyltetrahydrobenzene  is  readily  prepared  from 
dimethyldihydroresorcin  (see  page  69)  by  the  action  of  phosphorus 
trichloride,  the  yield  being  75  per  cent,  of  the  theoretical  amount ; 
and  as  other  substituted  dihydroresorcins  give  equally  good  yields  of 
the  corresponding  chloroketones,  it  is  evident  that  if  the  above- 
mentioned  reactions  could  be  realised,  they  would  furnish  very  ready 
methods  for  preparing  substituted  ketotetrahydro-  and  ketohexahydro- 
benzenes,  which  substances,  especially  the  former,  are  not  easy  to 
obtain  by  the  present  known  methods.  Complete  success  has 
attended  the  experiments,  and  further  work  is  in  progress  with  the 
object  of  proving  that  the  reactions  are  general  ones.  Particular 
attention  is  being  paid  to  the  ketones  (III  and  TV)  .derivable  from 
trimetbyldihydroresorcin,    on  accovint  of  the  great   similarity  in   the 

OMe,<^«Jf!-CO>oH  CMe,<CHMe;«)>cH, 

III.  IV. 

groupings  which  they  contain  when  compared  with  those  of  camphor. 
The  action  of  sodium  in  moist  ethereal  solution  on  chloroketo- 
dimethyltetrahydrobenzene  has  been  further  investigated,  and  it 
has  been  proved  that  the  addition  of  a  small  quantity  of  alcohol  to 
the  ether  has  a  beneficial  effect,  considerably  increasing  the  yield  of 
hydroxydimethylhexahydrobenzene     and    rendering    it    much    easier 
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to  remove  the  chlorine  completely  from  the  chloroketone.  Further, 
several  interesting  substances  have  been  isolated  from  the  resinous 
by-product  (Trans.,  1905,  87,  1494)  which  are  dicyclic  in  composition. 
Similar  resins  have  been  encountered  in  all  the  reducing  actions 
which  have  beentried,  and  as  the  constitutions  of  the  substances  derived 
from  them  have  close  relationship  with  one  another,  it  will  be  most 
convenient  to  describe  first  the  single  nucleus  compounds  produced  in 
these  I'eactions  and  afterwards  the  dicyclic  derivatives. 
Single   Nvxileus  Com'pounds. 

Having  found  that  alcohol  had  such  a  decided  influence  in  the 
reaction  between  chloroketodimethyltetrahydrobenzene  and  sodium  in 
moist  ethereal  solution,  it  was  thought  advisable  to  try  the  action  of 
sodium  in  absolute  alcoholic  solution.  The  reaction  proceeded, 
however,  in  an  unexpected  direction,  and  though  giving  an  interesting 
body  from  quite  another  point  of  view,  did  not  further  the  object  of 
the  present  inquiry.  It  demonstrated  the  fact  that  the  chlorine  atom 
in  chloroketodimethyltetrahydrobenzene  is  very  reactive,  a  fact  which 
gi'eatly  enhances  the  possibilities  of  the  use  of  this  and  similar 
chloroketones  for  synthetical  purposes. 

The  reaction  gives  rise  to  small  quantities  of  hydroxydimethyl- 
hexahydrobenzene  (II),  but  principally  Z-hydroxy-^-etliOxy-\  :  1- 
dmiethylhexahydrohenzene  (VI).     Evidently  the  sodium  ethoxide  formed 

iNalOEt 


V.  YI. 

in  the  first  stages  of  the  redaction  reacts  with  the  chlorine  atom  of 
the  chloroketone  to  give  the  substance  represented  by  formula  V, 
which  is  then  further  reduced  to  the  corresponding  saturated  compound. 
The  constitution  of  the  latter  is  proved  by  analysis  and  by  the 
facts  that  a  Zeisel  determination  shows  it  to  contain  an  ethoxy-group, 
and  that,  when  treated  with  acetyl-  or  benzoyl  chlorides,  it  yields 
acetyl-  or  benzoyl-derivatives  respectively. 

The  next  reducing  agent  employed  was  zinc  dust  in  aqueous 
alcoholic  solution,  which,  as  previously  shown  (Trans.,  1905,  87, 
1497;  1906,  89,  43),  readily  replaces  halogen  by  hydrogen  in 
s  iturated  hydroaromatic  substances,  but  in  the  present  instance  its 
action  is  too  powerful,  as  it  gives  a  mixture^  of  the  ketones 
represented  by  f ormulje  VII  and  VII 1,  containing  approximately  30 
per  cent,  of  the  latter.  However,  Z-keto-l  :  l-dimethyl-A^-tetrakydro- 
benzene  (VII)   may  be   obtained  quite  pure  by  replacing  zinc  dust  by 

VII.  VIII. 
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zinc  filings,  either  in  the  cold  or  on  heating,  or  by  using  the  zinc 
copper  couple.  It  is  a  colourless  liquid  boiling  at  88-5°  at  32  mm., 
and  its  ketonic  nature  is  proved  by  the  fact  that  it  gives  a  semi- 
carbazone  and  an  oxime.  When  oxidised  with  potassium  per- 
manganate in  the  cold,  it  yields  as-dimethylsuccinic  acid  and  the 
lactone  of  a-hydroxy-/3y8-dimethylglutaric  acid  : 

CMe  ^^^2^ 

These  products  were  also  obtained  by  the  oxidation  of  chloroketo- 
dimethyltetrahydrobenzene  (Trans.,  1903,  83,  119)  together  with 
^/3-dimelhy]glutaric  acid.  The  production  of  the  lactone  of  a-hydroxy- 
/8y8-dimethylglutaric  acid  proves  quite  definitely  the  constitution  of 
the  ketone,  although  its  formation  cannot  be  explained  on  the  lines 
suggested  in  the  case  of  the  chloroketone.  From  the  present 
instance,  it  would  appear  that  the  production  of  this  lactone  must  be 
regarded  as  almost  certain  in  any  oxidation  where  the  degradation  of 
a  ring  is  concerned  and  which  might  reasonably  be  expected  to  yield 
)Sy8-dimethylglutaric  acid. 

'3-Keto-l  :  \-dimethylhexahydrohenzene  (YIII)  may  be  produced  from 
chloroketodimethyltetrahydrobenzene  by  heating  it  with  zinc  dust  in 
glacial  or  dilute  acetic  acid  solution.  It  is  a  colourless  liquid  boiling 
about  10^  lower  (75'5°  at  25  mm.)  than  the  corresponding  unsaturated 
ketone.  It  forms  an  oxime  and  a  semicarbazone,  and  when  oxidised 
with    potassium    permanganate    gives    only    /J^S-dimethyladipic    acid 

CMeo<Qjj2  (^g-^>CH2     ->      C^^^2<oH^CH2-C02H 

'IX. 
(IX),  a  fact  which  proves  its  constitution  beyond  doubt. 

One  slight  difference  is  observable  in  the  specimens  of  the  ketone, 
according  as  to  whether  glacial  or  dilute  acetic  acid  is  employed  in 
their  preparation.  In  the  latter  case,  the  ketone  gives  a  faint  colour 
reaction  with  concentrated  sulphuric  acid,  indicating  the  presence  of 
traces  of  ketodimethyltetrahydrobenzene,  which  is  not,  however, 
produced  in  sufficient  amount  to  infl.uence  the  analysis  of  the  substance, 
and  which  can  be  completely  and  easily  I'emoved  by  treatment  with  a 
small  quantity  of  dilute  potassium  permanganate  solution  in  the  cold. 
The  choice  between  dilute  and  glacial  acetic  acid  would  be  influenced 
according  as  to  whether  the  solid  by-product  (m.  p.  148°,  see  page  82) 
was  required  for  investigation,  as  a  larger  proportion  of  the  latter 
substance  is  obtained  when  dilute  acetic  acid  is  employed,  although  the 
yield  of  ketodimethylhexahydrobenzene  is  not  so  good  as  when  glacial 
acetic  acid  is  used. 

VOL.    XCI.  F 
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Other  reducing  agents  investigated  were  zinc  dust  in  strongly 
alkaline  solution,  also  zinc  dust  and  hydrogen  chloride  in  alcoholic 
solution.  In  the  former  case,  the  hydrolytic  action  of  the  potassium 
hydroxide  overshadows  the  reducing  action  of  the  zinc,  with  the  result 
that  the  only  product  isolated  was  dimethyldihydroresorcin  (X).  In  the 
latter  case,  a  mixture  of  ketodimethyltetrahydrobenzene  and  keto- 
dimethylhexahydrobeiizene  was  obtained,  together  with  dimethyldi- 
hydroresorcin and  its  ethyl  ether  (XI)  (Trans.,  1899,  75,  775). 

X.  XI. 

Here  again  hydrolysis  must  first  take  place,  giving  rise  to 
dimethyldihydroresorcin,  which  is  then  esterified  by  the  alcoholic 
hydrogen  chloride. 

Dicydic  Compounds. 

The  compounds  of  this  nature  met  with  are  all  derivatives  of  a 
substance  formed  theoretically  by  the  removal  of  one  hydrogen  atom 
from  each  of  two  hexahydrobenzene  rings,  with  consequent  production 
of  dicyclic  derivatives.  It  has  been  decided  to  refer  to  this  substance 
as  dic?/c^ohexane,  and  to  indicate  the  positions  of  the  various  substitut- 
ing groups  by  adopting  the  following  scheme  of  numbering : 

y-CH.o'CHgv  /CIl2*CH2\ 

CH2<4|        I       i>CH-CH<r«;       %      4'>CH2. 

^CHa'CHg/  \CH2-CH2/ 

When  zinc  dvist  acts  on  chloroketodimethyltetrahydrobenzene  in 
aqueous  soh;tion,  there  is  obtained  a  mixture  of  ketodimethyltetra- 
hydrobenzene and  ketodimethylhexahydrobenzene  (VII  and  VIII),  in 
which  the  former  largely  predominates.  If  this  mixture  of  ketones  is 
again  treated  several  times  with  zinc  dust,  it  is  possible  to  isolate  pure 
ketodiniethylhexahydi'obenzene  and  a  semi-solid  mass  from  which  a 
crystalline  product  has  been  separated,  melting  at  148°,  and  having 
the  composition  CjgHjgOg,  and  which  is  believed  to  be  1  :  V-dihydroxy- 
5  :  5  :5' :  5'-tetramethyl-A^-^'-dicjc\ohexene  (XII).     Another  possibility 

CH2<^^^^^^>C(OH)-C(OH)<^g2^^^g>CH2 
XII. 
for  a   substance  of    this  composition  would   be   that  represented   by 
formula  XIII,  which  could  be  produced  from  chloroketodimethyltetra- 
hydrobenzene  *  by  the  zinc  coupling  two  molecules  together  and  then 
partially  reducing  the  unsaturated  diketone  so  formed, 

*  To  make  the  formulae  of  these  dicyclic  compounds  strictly  comparable  with 
those   of    the    single    nucleus    derivatives,    chloroketodimethyltetrahydrobenzene 

.CMea'CHa-. 
should  be  written  CHo\  ^CCl,  instead  of  as  in  formula  I. 

'\C0 CH^ 
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XIII. 
Such  a  presumption  is,  however,  at  once  rendered  impossible  when 
it  is  remembered  that  the  substance  is  not  formed  directly  from  the 
chloroketone  but  from  the  halogen-free  mixture  of  ketones,  obtained 
by  the  initial  action  of  zinc  dust  on  chloroketodimethyltetrahydro- 
benzene.  There  can  be  therefore  no  doubt  in  this  case  that  the 
substance  CjgH2g02  owes  its  origin  to  pinacone  formation,  an  exactly 
analogous  case  having  been  observed  in  the  reduction  of  ketohexa- 
hydrobenzene  (Trans.,  1904,  85,  1415),  where  considerable  amounts  of 
1  :l-dihydroxydic2/c/^ohexane  (XLV),  (ketohexamethylene  pinacone)  were 
formed. 

CH.<cH::CH;>C(OH)-C(OH)<CH.:gg.>CH, 

XIV. 
Moreover,  the  behaviour  of  dihydroxytetramethyldic^c^ohexene  is 
quite  in  accord  with  that  of  a  substance  having  formula  XII,  for  it 
does  not  give  a  colour  reaction  with  concentrated  sulphuric  acid,  nor 
can  it  be  acetylated  or  benzoylated  under  the  conditions  employed. 
Further,  its  unsaturated  nature  is  proved  by  the  fact  that  it  readily 
absorbs  bromine  with  elimination  of  hydrogen  bromide  and  formation 
of  what  is  believed  to  be  a  tribromoanhydride,  but  the  exact  con- 
stitution of  this  compound  is  at  present  doubtful.  Also,  when  treated 
with  sodium  in  moist  ethereal  solution,  it  absorbs  four  atoms  of 
hydrogen  to  give  1  :  V -dihydroxy-^  :  5  :  5'  :  b'-tetramelhyldicyc\ohexane 
(XV).      Here  again  this  saturated  pinacone  does  not  give  a  colour 

CH,<^MvCH,>o(OH).C(OH)<[;Hj:C^^gj>CH, 

XV. 
reaction  with  concentrated  sulphuric  acid,  but  it  is  surprising  to  find 
that  it  is  acetylated  or  benzoylated  very  readily.  No  explanation  of 
this  fact  can  be  offered  on  the  present  occasion,  but  it  is  hoped  that, 
as  the  work  proceeds,  other  similarly  constituted  pinacoues  will  be 
encountered,  when  the  matter  will  receive  further  attention. 

It  may  at  first  sight  appear  strange  that  zinc  dust  in  aqueous 
alcohol  is  a  reagent  sufficiently  strong  to  reduce  the  double  bond  in 
ketodimethyltetrahydrobenzene,  giving  ketodimethylhexahydrobenzene, 
and  also  strong  enough  to  form  dihydroxytetramethyldicyc^ohexene 
from    ketodimethyltetrahydrobenzene,    yet   is  not  strong  enough   to 

F  2 
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reduce  the  dicyclohexene  compound  to  the  corresponding  saturated 
derivative.  But  such  is  undoubtedly  the  case,  for  on  boiling  an 
aqueous  alcoholic  solution  of  dihydroxytetramethyldicj/c^ohexene  with 
zinc  dust  for  twelve  hours,  no  trace  of  any  reduction  having  taken 
place  could  be  detected  and  only  the  unsaturated  dici/c^ohexene 
compound  was  recovered. 

Moreover,  the  reduction  of  ketodimethyltetrahydrobenzene  to  keto- 
dimethylhexahydrobenzene  by  zinc  dust  in  aqueous  alcohol  proceeds 
extremely  slowly,  and  from  the  experiments  described  on  page  75  it 
can  only  be  concluded  that,  under  the  influence  of  this  particular 
reducing  agent,  the  unsaturated  pinacone  is  more  easily  formed  than 
ketodimethylhexahydrobenzene. 

In  the  preparation  of  hydroxydimethylhexahydrobenzene  consider- 
able difficulty  was  experienced  at  one  time  (see  page  70)  in  obtaining 
the  product  free  from  halogen,  and  on  examining  the  resinous  by- 
product formed  under  these  conditions,  two  solid  substances  were 
separated  from  it  melting  respectively  at  178°  and  173 — '174°  The 
former  of  these  has  the  composition  CigHggOa  and  is  apparently 
3  :  3'-dikelo-5  :  5  : 5'  :  b'-tetramethyl-^-^  ■'^'-dicyclohexene  (XVI),  formed 
'CMeo-CHo\^.v^n     ^T        >-,v;^</CHo-CMe, 


cH,<^^!L^>cici;;;5,;;;;ci:c<^gi:^ 


XVI. 

by  the  direct  coupling  of  2  molecules  of  chloroketodimethyltetra- 
hydrobenzene  by  the  sodium.  It  is  highly  coloured  (yellow),  gives 
a  brick- red  disemicarbazone,  thus  proving  its  diketonic  nature, 
and  is  unsaturated  as  shown  by  its  ready  absorption  of  bromine. 
It  could  not  be  detected  in  the  resin  formed  when  alcohol  was  added 
to  the  ether  used  in  the  reduction  of  chloroketodimethyltetrahydro- 
benzene,  but  much  larger  quantities  of  the  second  substance  melting 
at  173 — 174°  and  also  another  compound  melting  sharply  at  212°  were 
isolated.  The  latter  proved  to  be  identical  with  1  :  I'-dihydroxy- 
5:5:5':  5'-tetramethyldicy/c^ohexane  (see  page  67). 

For  a  long  time  the  substance  melting  at  173 — 174°  was  thought  to  be 
homogeneous,  as  it  gave  on  analysis  numbers  agreeing  with  the  formula 
Cj(;II3q02,  nor  was  its  melting  point  altered  by  many  recrystallisations, 
and  moreover  it  sublimed  in  needles  which  melted  at  171 — 172°. 
Nevertheless  it  was  found  to  be  a  mixture,  for  on  acetylation  it  gave 
two  diacetyl  derivatives  melting  at  130°  and  68°,  and  on  benzoylation, 
two  dibenzoyl  derivatives  melting  at  199°  and  134°.  The  former  of 
the  diacetyl  and  dibenzoyl  compounds  (m.  p.  130°  and  199°)  proved  to 
be  diacetyl-  and  dibenzoyl-1  :  l'-dihydroxy-5  :  5  :  5' :  5'-tetramethyldi- 
c^/c/ohexane,  which  substance  they  yielded  on  hydrolysis. 
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The  above-mentioned  derivatives  melting  at  68°  and  134°  were 
separately  hydrolysed  with  alcoholic  potassium  hydroxide,  when  they 
each  gave  a  substance,  G^qH^qO^,  melting  at  183°,  which  is  believed 
to  be  3  :  ^' -dihydroxy-^  :  5  :  5' :  b'-tetramethyldicjc\ohexane  (XVII).     It 

XVII. 
is  readily  acetylated  and  benzoyiated,  and,  unlike  the  unsaturated  or 
saturated  pinacones,  gives  a  decided  colour  reaction  with  sulphuric 
acid.  Its  formation  would  be  due  to  the  further  reduction  of  diketo- 
tetramethyldicycfohexene  (XVI),  although,  unfortunately,  sufficient  of 
the  latter  material  could  not  be  isolated  to  try  the  action  of  reducing 
agents  upon  it. 

The  substance  melting  at  173 — 174*  is  therefoi'e  a  mixture  of 
1  :  I'-dihydroxy-S  :  5  :  5' :  5'-tetramethyldici/cfohexane  (XV)  and  3  :  3'-di- 
hydroxy-5  :  5  : 5' :  5'-tetramethyldicyc?ohexane  (XVII),  in  the  approxi- 
mate proportion  of  one  part  of  the  former  to  three  parts  of  the  latter, 
and  it  has  been  ascertained  that  a  mixture  of  these  substances  in 
these  proportions  melts  at  173 — 174°  and  sublimes  in  needles  melting 
at  171—172°. 

It  would  appear,  therefore,  that  in  the  reduction  of  chloroketo- 
dimethyltetrahydrobenzene  with  sodium  in  moist  ethereal  solution, 
dicyclic  compounds  are  formed  both  by  the  process  of  pinacone  forma- 
tion and  by  the  coupling  reaction  of  the  sodium.  Further,  when  the 
reduction  is  inefficient,  there  are  formed  3  :  3'-diketo-5  :  5  :  5'  :  5'-tetra- 
methyl-A^'^'-dic?/cZohexene  (XVI)  and  small  amounts  of  1  : 1'-di- 
hydroxy-  and  3  :  3'-dihydroxy-5  :  5  :  5'  :  5'-tetramethyldic?/c^ohexane  ; 
but  when  the  reduction  is  facilitated  by  addition  of  alcohol  to  the 
ether,  the  first  of  these  three  substances  cannot  be  isolated,  as  it 
is  further  reduced  to  3  :  3'-dihydroxy-5  :  5  :  5'  :  5'-tetramethyldic?/c?o- 
hexane. 

Experimental. 

Chloroketodimethyltetrahydrobenzene  was  prepared  as  already 
described  (Titans.,  1903,  83,  117),  except  that  the  heating  with 
phosphorus  trichloride  was  continued  for  three  hours  instead  of  two 
and  a  half  hours.  Moreover,  after  working  up  the  product,  the 
alkaline  washings  should  be  acidified  with  sulphuric  acid,  when  a 
considerable  amount  of  solid  matter  separates,  consisting  largely  of 
unaltered  dimethyldihydroresorcin,  and  if  this  is  again  treated  with 
phosphorus  trichloride,  the  yield  of  chloroketodimethyltetrahydro- 
benzene  may  be  increased  to  75  per  cent,  (instead  of  66  per  cent.)  of 
the  theoretical  amount. 

The  boiling  point  of  the  ketone,  after  repeited  distillation,  is  some- 
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what  lower  than  previously  stated  {loc.  cit.),  namely  99^  at  20  mm,, 
and  its  great  stability  is  a  point  worth  calling  attention  to.  On 
exposure  to  air  and  light,  it  darkens  in  colour  and  deposits  crystals 
of  dimethyldihydioresorcin  hydrochloride,  but  if  protected  from  air 
and  light  it  may  be  kept  for  an  almost  indefinite  period.  A  specimen 
which  had  been  bottled  in  this  way  for  three  years  was  found  to  be 
faintly  yellow,  and  contained  1  gram  of  crystalline  dimethyldihydro- 
resorcin  hydrochloride.  After  filtration,  there  remained  37  grams  of 
a  liquid,  which  were  dissolved  in  ether,  the  ethereal  solution  washed 
with  potassium  hydroxide  solution,  then  with  water,  dried  over 
calcium  chloride,  and  the  ether  evaporated.  On  distilling  the  residue 
in  a  vacuum,  36  grams  passed  over  quite  constantly  with  the  above- 
mentioned  boiling  point  of  chloroketodimethyltetrahydrobenzene. 

Reduction  of  Chloroketodimethyltetrahydrohenzene. 

I.    With  Sodium  in  moist  Ethereal  Solution. 

The  main  product  obtained  by  this  reaction  is  3-hydroxy-l  :  1- 
dimethylhexahydrobenzene,  which  has  already  been  described  in 
detail  (Trans.,  1905,  87,  1494).  Considerable  difficulty  was  ex- 
perienced at  one  time  in  obtaining  this  substance  free  from  chlorine, 
until  it  was  realised  that  in  the  original  preparation  the  ether 
employed  had  not  been  washed  with  water  to  remove  alcohol. 
Further  experiments  have  shown  that,  if  the  amounts  of  materials 
as  already  stated  be  used,  with  the  addition  of  20  c.c.  of  absolute 
alcohol  to  the  ether,  the  product  of  the  reaction  is  always  free  from 
halogen.  Moreover,  the  yield  of  hydroxydimethylhexahydrobenzene 
is  thereby  increased  to  60  per  cent,  of  the  theoretical  amount. 

During  the  preparation  resinous  matter  is  always  formed,  varying 
in  amovint  from  25  to  30  grams  from  100  grams  of  chloroketodimethyl- 
tetrahydrobenzene.  The  material  obtained  when  difficulty  was  ex- 
perienced in  producing  hydroxydimethylhexahydrobenzene  free  from 
halogen  was  a  thick,  red  jelly,  which  was  dissolved  in  the  smallest 
possible  amount  of  light  petroleum  (b.  p.  80 — 100°)  and  allowed  to 
stand.  A  viscid,  yellow  solid  gradually  separated  (2*3  grams  from 
75  grams  of  the  jelly),  which  was  repeatedly  crystallised  from  methyl 
alcohol  : 

0-1078  gave  0-3076  CO^  and  00871  HgO.     C  =  77-82  ;  H  =  8-97. 
^16^22^2  requires  C  =  78-04  ;  H  =  8-94  per  cent. 

3  :  3'-Diketo-5  :  5  : 5' :  5' -tetramethi/l-A^ -^'-dicjclohexene, 

is  readily  soluble  in  the  cold  in  chloroform  or  benzene,  and  crystallises 
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from  light  petroleum  (b.  p.  80 — 100°),  ethyl  acetate,  or  methyl  alcohol 
in  deep  yellow  needles  melting  at  178°.  When  a  solution  of  bromine 
in  chloroform  was  added  to  a  solution  of  the  ketone  in  the  same  solvent 
and  the  whole  slightly  warmed,  the  bromine  disappeared  and  hydrogen 
bromide  was  evolved.  On  evaporating  the  solvent,  a  white  solid 
remained,  which  crystallised  from  absolute  alcohol  and  melted  at  165° 
with  evolution  of  gas,  but  the  amount  of  material  was  too  small  to 
permit  of  the  reaction  being  thoroughly  investigated. 

The  disemicarbazone  was  prepared  in  the  usual  manner  and  separated 
from  the  alcoholic  solution  as  a  mici'o-crystalline,  brick-red  powder 
melting  about  273°  with  decomposition.  On  account  of  its  insolubility 
in  the  ordinary  organic  solvents,  it  was  not  found  possible  to  purify  it 
by  ciystallisation,  and  it  was  therefore  analysed  after  being  well 
washed  with  absolute  alcohol  : 

Found,  N  =  23-38.     CigHggOgNg  requires  N  =  23-33  per  cent. 

The  light  petroleum  solution  of  the  original  red  jelly  gave  a  second 
small  crop  of  solid  matter,  which  was  white,  and  consisted  of 
1  :  V -dihydroxy-^  :  5  :  5' :  5' -ietramethyldicjclohexane,  melting  at  212°, 
(see  page  77)  and  of  3  : 3'-dihydroxy-5  :  5  :  5' :  5'-tetramethyldic?/cZo- 
hexane  melting  at  183°  (see  page  72). 

When  the  reduction  of  chloroketodimethyltetrahydrobenzene  by 
sodium  in  moist  ethereal  solution  is  carried  out  as  described  on  page  70, 
the  by-product  sets  to  a  hard,  transpai-ent,  reddish-yellow  resin.  This 
was  dissolved  in  benzene,  light  petroleum  (b.  p.  40 — 60°)  added,  and 
the  whole  allowed  to  stand,  when  solid  matter  separated,  which  was 
filtered  and  well  washed  with  light  petroleum.  By  treatment  in  this 
manner,  80  grams  of  resin  yielded  15  grams  of  a  white  solid,  from 
which  two  substances  of  constant  melting  point  (.4  and  B)  were 
separated  by  means  of  a  somewhat  tedious  process  of  fractional  ex- 
traction with  ethyl  acetate  and  repeated  crystallisation  from  the  same 
solvent. 

The  smaller  fraction  A,  weighing  2*2  grams,  crystallised  from  ethyl 
acetate  in  oblique,  square  plates  melting  at  212°,  and  was  proved  by 
analysis  and  the  preparation  from  it  of  acetyl  and  benzoyl  derivatives, 
to  be  identical  with  1  :  V-dihydroxy-5  :  5  :  5'  :  5' -ietramethyldicjclohexane, 
described  on  page  77. 

The  larger  fraction,  5  (5-1  grams),  was  analysed  with  the  following 
results  : 

01275  gave  0-3529  CO^  and  0-1353  H^O.     C  =  75-48  ;  H  =  1 1  -79. 
CjgHgoOg  requires  0  =  75-59;  H  =  ir81  per  cent. 

This  substance  crystallised  from  ethyl  acetate  in  radiating  clusters 
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of  transparent,  leaf-like  aggregates  melting  at  173 — 174°,*  nor  was 
this  melting  point  altered  by  repeated  crystallisation.  On  account  of 
this  fact,  and  also  because  it  sublimed  unchanged  (ra.  p.  171 — 172")  in 
long,  silky  needles,  it  was  for  a  long  time  thought  that  the  body  was 
homogeneous  and  consisted  of  3  :  3'-dihydroxy-5  :  5  :  5' :  5'-tetramethyl- 
dicyc^ohexane ;  but  the  following  experiments  prove  that  this  is  not 
the  case. 

Action  of  Benzoyl  Chloride  on  the  Substance,  m.  p.  173 — 174°. — One 
gram  of  the  substance  was  heated  on  the  water-bath  for  two  hours 
with  excess  of  benzoyl  chloride,  the  whole  shaken  with  sodium 
hydroxide  solution,  extracted  with  ether,  the  ethereal  solution  washed 
with  water  until  free  from  alkali,  dried  over  calcium  chloride,  and  the 
ether  evaporated.  The  solid  residue,  weighing  1-6  grams,  was  dissolved 
in  a  large  amount  of  absolute  alcohol,  when,  on  cooling,  0*4  gram  of 
solid  separated  (filtrate  =  A)  melting  at  186 — 192°,  and,  after  a  further 
crystallisation,  at  199°.  This  substance  was  proved  by  the  mixed 
melting  point  method  and  by  analysis  to  be  identical  with  the  dibenzoyl 
derivative  of  1  :  I'-dihydroxy-S  :  5  :  5' :  5'-tetramethyldicyc?ohexane  de- 
scribed on  page  77,  which  latter  substance  (m.  p.  212°)  it  gave  on 
hydrolysis  with  alcoholic  potassium  hydroxide. 

The  filtrate  A  was  evaporated,  when  several  fractions  of  crystals  (in 
all  I'O  gram)  were  obtained  having  the  same  melting  point.  These 
were  purified  by  recrystallisation  from  ethyl  alcohol  : 

0-1174  gave  0-3335  CO2  and  0-0892  HgO.     0  =  77-48;  H  =  8-44. 
C30H3SO4  requires  0  =  77-92  ;  H  =  8-22  per  cent. 

The  dibenzoyl  derivative  of  3  :  3'-dihydroxy-5  :  5  :  5' :  5'-tetramethyl- 
dicycfohexane  is  readily  soluble  in  the  cold  in  benzene  or  chloro- 
form, moderately  soluble  in  acetone  or  ethyl  acetate,  and  crystal- 
lises from  absolute  alcohol  in  radiating  clusters  of  flattened  needles 
melting  at  133 — 134°.  When  hydrolysed  by  boiling  with  alcoholic 
potassium  hydroxide  and  the  solution  poured  into  water,  a  white  solid 
separated  which  was  purified  by  recrystallisation  from  benzene  : 

0-1071  gave  0-2968  00.2  and  0-1121  ^2^.     0  =  7557;  H=  11-63. 
O^gHgoOg  requires  0  =  77-59  ;  H  =  11  -81  per  cent. 

3  :  ?>'-Dihydroxy-^  :  5  : 5' :  5'-tetramethyldicjc\o?iexane, 

n  TT  <r^^  ^^^2  ^^2>>nTT .  PTT  <^^-^2  ^  ^^®2^PTT 

^^2\cH(OH)-OH2'^^^  '^^^OH2-OH(OH)^^^2' 
is  readily  soluble  in  the  cold  in  absolute  alcohol  or  acetone,  less  so  in 

*  It  has  since  been  ascertained  that  on  standing  the  crystals  become  opaque  and 
the  melting  point  less  sharp.  A  specimen  melting  at  173 — 174°,  when  first  isolated, 
melted  after  six  weeks  at  the  same  temperature,  but  did  not  become  clear  until 
180°,  and  two  months  later  partially  melted  at  173 — 174°,  but  did  not  clarify  until 
195°. 
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ethyl  acetate,  crystallises  from  chloroform  or  benzene  in  clusters  of 
scaly  needles  melting  at  183^,  and  sublimes  unchanged  in  fern-like 
aggregates  of  flattened  needles.  It  does  not  decolorise  a  chloroform 
solution  of  bromine,  gives  with  concentrated  sulphuric  acid  a  salmon- 
pink  colour  tui^ning  to  deep  oi'ange,  and  is  converted  by  benzoyl 
chloride  into  the  above-mentioned  dibenzoyl  derivative  melting  at 
133 — 134°,  and  no  other  substance. 

On  mixing  three  parts  of  this  product  with  one  part  of  1  : 1'-dihydroxy- 
5:5:5':  5'-tetramethyldic?/c/ohexane,  that  is,  in  the  proportion  which 
formed  the  constant  melting  mixture  (173 — 174°)  of  these  two  sub- 
stances, the  melting  point  was  172 — 173°,  but  complete  clarification 
did  not  take  place  until  179°.  Moreover,  this  mixture  sublimed  in 
silky  needles  melting  at  171 — 172°  and  becoming  quite  clear  at  176°. 

Action  of  Acetyl  Chloride  on  the  Substance  m.  p.  173 — 174°. — One 
gram  of  the  substance  was  heated  with  an  excess  of  acetyl  chloride  for 
two  hours,  and  the  solvent  evaporated,  when  the  viscous  residue  so 
obtained  rapidly  solidified  on  rubbing  with  a  few  drops  of  alcohol.  It 
was  sj)read  on  a  porous  plate  and  crystallised  from  absolute  alcohol, 
when  0"2  gram  of  needle-shaped  crystals  separated  which  melted 
at  ]  30°,  and  proved  to  be  identical  with  the  diacetyl  derivative 
of  1  :  r-dihydroxy-5  :5  :  5' :  5'-teti'amethyldic3/c?ohexane  described  on 
page  77,  On  addition  of  water  to  the  alcoholic  mother  liquor, 
further  amounts  of  needle-shaped  crystals  separated,  which  were 
pui'ified  by  crystallisation  from  dilute  alcohol : 

0-1124  gave  0-2916  CO2  and  0-1060  HgO.     0  =  70-75;  H  =  10-47. 
C20H3P4  requires  0  =  71-01  ;  H=  10-06  per  cent. 

The  diacetyl  derivative  of  3  :  3'-dihydroxy-5  :  5  :  5'  :  5'-tetramethyI- 
dicyc^ohexane  is  extremely  soluble  in  the  ordinary  organic  media,  and 
crystallises,  as  above  stated,  in  clusters  of  slender  needles  melting  at 
68°.  It  is  readily  hydrolysed  by  alcoholic  potassium  hydroxide, 
yielding  3  :  3'-dibydroxy-5  :  5  : 5'  :  S'-tetramethyldic^/c^ohexane  melting 
at  183°. 

II.    With  Sodium  in  Absolute  Alcoholic  Solution. 

Twenty  grams  of  chloroketodimethyltetrahydrobenzene  were  dis- 
solved in  400  c.c.  of  absolute  alcohol  in  a  flask  attached  to  a  reverse 
condenser,  and  32  grams  of  sodium,  cut  in  thin  slices,  gradually 
added.  At  the  end  of  the  reaction  the  whole  was  poured  into  a  large 
volume  of  water,  extracted  three  times  with  ether,  the  ethereal 
solution  washed  with  water,  dried  over  calcium  chloride,  the  ether 
evaporated,  and  the  residue  distilled  under  diminished  pressure,  when 
the  following  fractions  were  obtained  afc  35  mm.  : 

95 — 135°  =  4-5  grams,  135 — 150°=  10-7  grams,  resinous  residue  = 
1-5  grams. 
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The  fraction  95 — 135°  gave  with  sulphuric  acid  the  marked  colour 
reaction  characteristic  of  3-hydroxy-l  :  l-dimethylhexahydrobenzene 
(Trans.,  1905,  87,  1495),  and  no  doubt  consisted  of  a  mixture  of  this 
substance  with  Z-hydroxy-f>-ethoxy-\  :  1-dimethylhexahydrohenzene  (see 
below).  The  latter  compound  will,  however,  form  the  starting  point 
of  another  investigation,  and  a  detailed  description  of  its  properties 
and  reactions  will  be  reserved  for  a  future  communication. 

The  fraction  135 — 150°  was  redistilled,  when  8  grams  of  a  colourless 
liquid  passed  over  quite  constantly  at  135°  at  25  mm.  : 

0-1499  gave  0-3835  COg  and  0-1559  H2O.     0  =  69-77;  H=  11-55. 
CjqHjoOo  requires  0  =  69-76;  H  =  ll-62  per  cent. 

S-JIydroxy-o-ethoxy-l  :  \-di7nethylhexahydr0benzene, 

p^     /CH2-0H(0H)^ 

^^^®2\cH2-CH(OEt)^^^2' 

is  a  colourless,  oily  liquid  boiling  at  135°  at  25  mm.,  and  possessing 
a  faint  celery-like  odour.  It  does  not  solidify  when  cooled  in  a 
mixture  of  ice  and  hydrochloric  acid,  does  not  decolorise  a  solution  of 
bromine  in  chloroform,  and  with  concentrated  sulphuric  acid  gives 
only  a  very  faint  orange-pink  colour.  That  it  contains  an  ethoxy- 
group  was  proved  by  a  Zeisel  determination,  carried  out  according  to 
the  directions  given  by  Sir  W.  H.  Perkin  (Trans.,  1903,  83,  1367)  : 

0-3445  gave  04397  Agl.     -OCgHg  =  24-44. 

CsHijO-OCaHj  requires  -OCgH,^  26-16  per  cent. 

The  result  is  somewhat  low,  but,  as  pointed  out  by  Perkin,  ethoxy- 
determinations,  as  a  rule,  give  results  from  1  to  2  per  cent,  below  the 
calculated. 

The  acetyl  derivative,  prepared  by  the  action  of  acetyl  chloride,  is  a 
colourless,  refractive,  oily  liquid  boiling  at  129°  at  22  mm.,  and 
possessing  a  sweet,  slightly  camphoraceous  odour  : 

Found,  0  =  67-33;  H  =  10-41. 

C12H0A  requires  0  =  67*29;  H=10-28per  cent. 

The  benzoyl  derivative,  obtained  in  the  usual  manner,  is  a  faintly 
coloured,  highly  refractive  liquid  boiling  at  226°  at  50  mm.,  and 
having  an  odour  somewhat  resembling  that  of  ethyl  benzoate  : 

Found,  0  =  73-75;  H  =  8-85. 

O17H2A  requires  0  =  7391  ;    H  =  8-69  per  cent. 


III.    With  Zinc  Dust  in  Aqueous  Alcoholic  Solution. 

Two  quantities  of  29  gi-ams  each  of  cbloroketodimethyltetrahydro- 
benzene  were  separately  dissolved  in  108  c.c.  of  90  per  cent,  alcohol, 
40  grams  of  zinc  dust  mixed  with  an  equal  volume  of  sand  added,  and  the 
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whole  heated  on  the  water-bath  for  four  to  five  hours.  The  major  portion 
of  the  alcohol  was  then  distilled  off,  the  residue  poured  into  water, 
extracted  six  times  with  ether,  the  ethereal  solution  washed  with 
water,  dried  over  calcium  chloride,  and  the  ether  evaporated.  The 
residue  did  not  boil  constantly  (95 — 102°  at  78  mm,),  but  the  major 
portion  passed  over  between  100 — 102°  at  78  mm.,  and  was  analysed 
with  the  following  result  : 

0-1403  gave  03952  COo  and  0-1303  H,0.     C  =  76-82;  H=  10-31. 
CsHigO  requires  0  =  77-42  ;  H  =  9'67  per  cent. 
CgH^^O        „        C-76-19;  H  =  11-11     „ 

This  colourless  liquid,  which  was  fiee  fi-om  halogen,  possessed  a 
pungent,  camphoraceous  odour,  and  gave  the  marked  colour  reaction 
with  concentrated  sulphuric  acid  characteristic  of  3-keto-l  :  1-dimethyl- 
A^-tetrahydrobenzene  (see  page  78),  but  the  above  analysis  proved  it 
to  be  a  mixture  of  this  substance  with  3-keto-l  :  1-dimethylhexahydro- 
benzene  *  (see  page  81),  and  this  is  further  proved  by  the  fact  that 
on  oxidation  as-dimethylsuccinic  acid,  the  lactone  of  a-hydroxy-/3)8- 
dimethylglutaric  acid,  and  ySyS-dimethyladipic  acid  were  obtained,  and 
by  the  following  experiments. 

Nineteen  grams  of  the  mixed  ketones  were  dissolved  in  52  c.c.  of 
90  per  cent,  alcohol,  19  grams  of  zinc  dust  and  an  equal  volume  of 
sand  added,  and  the  whole  heated  on  the  water-bath  for  ten  hours. 
The  major  portion  of  the  alcohol  was  distilled  off,  the  residue  poured 
into  water  and  distilled  in  steam  (residue  of  distillation  =  A).  The 
distillate  was  extracted  six  times  with  ether,  and  the  residue  obtained 
on  evaporation  of  the  ether  again  heated  with  zinc  dust  in  aqueous 
alcoholic  solution ;  this  process  was  repeated  three  times,  when  it  was 
found  that  the  residue  of  the  steam  distillation  did  not  furnish  any 
further  solid  matter. 

The  liquid  volatile  with  steam  (G  grams)  still  gave  the  colour 
reaction  of  the  unsaturated  ketone,  and  in  order  to  remove  these  last 
traces  it  was  treated  with  dilute  potassium  permanganate  solution  in 
the  cold.  Only  a  very  small  amount  of  the  oxidising  agent  was  used 
up  and  the  recovered  liquid,  which  boiled  quite  constantly  at  80°  at 
36  mm.,  no  longer  gave  a  colour  with  svilphuric  acid,  and  consisted  of 
pure  3-keto-l  :  1-dimethylhexahydrobenzene  (see  page  81)  : 

Found,  0  =  75-87;    H=  11-14. 

CgHj^O  requires   0  =  76-19;    H  =  11-11  per  cent. 

The  semicarbazone  crystallised  from  alcohol  in  i-adiating  clusters 
of  scaly  needles  melting  at  195°  with  decomposition  and  evolution 
of  gas. 

The  action  of  zinc  dust  on  chloroketodimethyltetrahydrobenzene  in  the  cold 
gives  precisely  these  same  results. 
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The  residue  of  the  steam  distillation  (A)  was  extracted  with  ether, 
the  ethereal  solution  dried  over  calcium  chloride,  and  the  ether 
evaporated,  when  5 "7  grams  of  a  viscid,  semi-solid  mass  remained. 
This  and  similar  material  (in  all  9%3  grams)  from  the  residues  of  the 
other  steam  distillations  were  triturated  with  light  petroleum  (b.  p. 
40 — 60°)  and,  after  filtering,  yielded  3'9  grams  of  a  clean,  white  solid, 
which  after  crystallisation  from  ethyl  acetate  gave  2*5  grams  melting 
sharply  at  148°  :  * 

01092  gave  03077  CO.,  and  0-1048  H^O.     0  =  76-84;  H  =  10-66. 
CigHgeO^  requires  C  =  76  80  ;  H  =  10-40  per  cent. 

1  :  V-DUiTjdroxy-b  :  5  :  5' :  5' -fetraviethi/l-A"  ■  '-'-dicjclohexene, 

CH,<^^^f£S||j>.C(0H)-C(0H)<ggL;5.^^g>CH,, 

is  fairly  readily  soluble  in  the  cold  in  chloroform,  benzene,  or  acetone, 
less  readily  in  alcohol  or  ethyl  acetate,  and  crystallises  from  the  latter 
solvent  in  stout,  transparent,  rhombohedral  plates  melting  at  148°. 
It  sublimes  unchanged  in  microscopic,  rhombohedral  plates,  and  does 
not  give  a  colour  reaction  with  sulphuric  acid,  nor  was  it  found 
possible  to  prepare  acetyl  or  benzoyl  derivatives  under  ordinary  con- 
ditions. 

Action  of  Bromine. — One  gram  of  the  substance  was  dissolved  in 
15  c.c.  of  chloroform  and  a  solution  of  bromine  in  the  same  solvent 
gradually  added,  when,  without  the  solution  becoming  appreciably 
warm,  the  bromine  was  rapidly  absorbed  and  torrents  of  hydrogen 
bromide  evolved.  The  chloroform  was  evaporated  and  the  residue 
(2  grams)  purified  by  crystallisation  from  benzene  : 

0-1360  gave  0-2026  COg  and  0-0560  HgO.     0  =  4063  ;  H  =  4-57. 

0-1102     „     0-1316  AgBr.     Br  =  50-81. 
CigHoiOBrg  requires  0  =  40-93  ;  H  =  4-47  ;  Br  =  51 -17  per  cent. 

The  trihroynoanhydride  (?)  of  dihydroxytetramethyldic^/c^ohexene  is 
very  slightly  soluble,  even  on  boiling  in  alcohol,  acetone,  or  ethyl 
acetate,  but  is  sufiiciently  soluble  to  be  crystallised  from  either 
benzene  or  chloroform,  when  it  separates  in  small,  glistening,  flattened 
needles,  which  on  heating  in  a  capillary  tube  begin  to  darken  at  245° 
and  melt  with  complete  decomposition  at  250°.  It  only  dissolves 
slowly  when  heated  with  fuming  nitric  acid,  and,  on  cooling,  faintly 
yellow,  scaly  needles  separate,  melting  at  212°  with  decomposition, 
but  no  more  definite  information  can  be  given  at  the  present  time 
owing  to  lack  of  material. 

*  There  is  a  second  product  of  lower  melting  point  present  in  this  and  also  in  the 
solid  isolated  from  the  action  of  zinc  dust  and  acetic  acid  on  chloroketodimethyl- 
tetrahydrobenzene  (see  p.  83),  but  up  to  the  present  time  it  has  not  been  found 
possible  to  draw  any  very  definite  conchisions  as  to  the  constitution  of  this  sub- 
stance, though  it  certainly  possesses  the  fonnula  C^gHjsOn. 
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Action  of  Sodium  in  moist  Ethereal  Solution. — Two  grams  of 
dihydroxytetramethyldic?/c/ohexene  were  dissolved  in  a  mixture  of 
20  c.c.  of  alcohol  and  40  c.c.  of  ether,  the  solution  floated  on  30  c.c. 
of  water,  and  12  grams  of  sodium,  cut  in  vexy  thin  slices,  gradually 
added.  As  the  reaction  proceeded,  a  white  solid  separated  which 
dissolved  on  the  addition  of  further  small  amounts  of  alcohol  and 
ether.  The  major  pox'tion  of  the  solvents  was  then  evaporated,  the 
residue  poured  into  water,  the  solid  which  separated,  filtered,  washed 
with  water,  spread  on  plate  (2  "3  grams),  and  crystallised  from  ethyl 
acetate  : 

0-1077  gave  0-2985  CO2  and  0-1154  HoO.     C  =  75-58;  H  =  ll-90. 
C^gHgoO^  requires  0  =  75-59  ;  H=  11-81  per  cent. 

1  :  V -Dihydroxy-6  :  5  :  5' :  b'-tetramethi/ldicjelohexane, 

ch.<ch'-^oh:>c(oh)-c(oh)<ch«:^*J|Pch, 

is  but  slightly  soluble  in  chloroform  or  benzene,  not  readily  so  in 
acetone,  alcohol,  or  ethyl  acetate,  and  crystallises  from  the  latter 
solvent  in  transparent,  oblique,  square  plates  melting  at  212°.  It 
sublimes  unchanged  in  fern-like  aggregates,  and  does  not  give  a  colour 
reaction  with  concentrated  sulphuric  acid.  Although  so  readily  formed 
by  the  action  of  sodium  in  moist  ethereal  solution  on  dihydroxytetra- 
methyldici/c^ohexene,  no  trace  of  it  could  be  fovind  on  heating  the 
latter  substance  for  twelve  hours  with  zinc  dust  in  aqueous  alcoholic 
solution. 

The  diacetyl  derivative,  prepared  by  the  direct  action  of  acetyl 
chloride,  is  readily  soluble  in  the  cold  in  benzene,  chloroform,  acetone 
or  ethyl  acetate,  and  crystallises  from  alcohol  in  sheaves  of  needles 
or  on  slow  crystallisation  in  well-formed  rectangular  prispas  melting 
at  130°: 

Found,  C  =  70-99;  H  =  10-31. 

CgoHg^O^  requires  C  =  71-00  ;  H  =  10-06  per  cent. 

The  dibenzoyl  derivative,  prepared  as  described  on  page  72,  is 
readily  soluble  in  the  cold  in  benzene  or  chloroform,  moderately 
soluble  on  heating  in  alcohol  or  acetone,  and  crystallises  from  ethyl 
acetate  in  transparent,  four- sided  plates  melting  at  199°  : 

Found,  0  =  77-82;  H  =  8-26. 

OgoHggO^  requires  0  =  77-92  ;  H  =  8-22  per  cent. 

Both  the  diacetyl  and  dibenzoyl  derivatives  regenerate  dihydroxy- 
tetramethyldicyc^ohexane  (m.  p.  212°)  when  hydrolysed  with  alcoholic 
potassium  hydroxide. 
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IV.    With  Zinc  Filings  in  Aqueous  Alcoholic  Solution. 

Twenty  grams  of  chloroketodimethyltetrahydi'obenzene  were  dis- 
solved in  108  c.c.  of  90  per  cent,  alcohol,  30  grams  of  zinc  filings 
added,  and  the  whole  heated  on  the  water-bath,  during  which  time 
zinc  chloride  separated.  The  heating  was  continued  for  five  hours, 
when  the  major  portion  of  the  alcohol  was  distilled  off,  the  residue 
poured  into  water,  the  solution  extracted  six  times  with  ether,  the 
ethereal  solution  washed  once  with  water,  dried  over  calcium  chloride, 
and  the  ether  evaporated.  The  residue  was  again  treated  with  zinc 
filings  and  90  per  cent,  alcohol,  and  the  whole  process  repeated  six 
times,  when  the  resulting  liquid  was  found  to  be  practically  free  from 
halogen.  On  distilling  under  diminished  pressure,  the  major  portion 
(free  from  halogen)  passed  over  quite  constantly  at  89 "5°  at  30  mm., 
leaving  a  small  residue  which  contained  chlorine.  This  fraction  was 
again  distilled  and  analysed  : 

0-1227  gave  0-3471  CO2  and  0-1078  HgO.     C  =  77-15;  H  =  9-76. 
CgHj20  requires  0  =  77-42  ;  H  =  9-67  per  cent. 

As  the  yield  of  the  ketone  prepared  in  this  manner  is  not  very 
satisfactory,  the  reaction  was  tried  in  the  cold,  when  the  amount 
formed  is  considerably  increased,  as  is  also  the  case  when  using  the 
zinc-copper  couple.  For  this  purpose  10  grams  of  chloroketodimethyl- 
tetrahydrobenzene  were  dissolved  in  15  c.c.  of  90  per  cent,  alcohol,  10 
grams  of  zinc-copper  couple  added,  and  the  whole  allowed  to  stand  at 
the  ordinary  temperature,  when  zinc  chloride  rapidly  separated.  After 
forty-eight  houi's  it  was  filtered  (filtrate  =  .^4),  the  residue  washed  with 
alcohol,  the  alcoholic  solution  evaporated,  added  to  A,  which  was 
again  treated  with  the  zinc-copper  couple  and  this  process  repeated 
four  times,  when  the  addition  of  fresh  zinc-copper  couple  did  not  pro- 
duce any  further  separation  of  zinc  chloride.  The  whole  was  then 
poured  into  water  and  worked  up  as  described  above.  On  distilling 
the  residue  under  diminished  pressure,  it  passed  over  for  the  most 
part  quite  constantly,  leaving  but  a  small  residue  which  contained 
chlorine,  and  after  a  second  distillation  it  boiled  at  83-5°  at  25  mm.  : 

0-1183  gave  0-3349  CO2  and  0-1066  H2O.     0  =  77-21;  H  =  1001. 
O8H12O  requires  0  =  77-42  ;  H  =  9-67  per  cent. 

As  large  quantities  of  this  ketone  are  being  prepared  for  another 
investigation,  a  description  of  the  best  method  of  obtaining  it  is  re- 
served for  a  future  communication. 

3-Keto-l  :  1-dimethyl-^'^-tetrahydrohenzene,  CMe2'<CpTT^.pTT^CH,    is 

a  colourless,  highly  refractive  liquid,  boiling  at  88-5°  at  32   mm.,  and 
possessing  an  odour  of  almonds,  which  soon  becomes  disguised  by  a 
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pungent  smell  of  camphor.  When  treated  with  an  equal  bulk  of  con- 
centrated sulphuric  acid  it  gives  a  blood-red  colour,  turning  to  plum- 
red,  then  gradually  to  violet  and  finally  disappears.  A  solution  of 
bromine  in  chloroform  is  immediately  decoloinsed  on  addition  of  a 
chloroform  solution  of  the  ketone,  and  an  attempt  was  made  to 
determine  the  bromine  absorption  value,  but  without  success,  for 
although  there  is  an  apparent  end  reaction  when  1  molecule  of 
bromine  has  been  added,  yet  at  this  point  hydrogen  bromide  is 
evolved,  and  the  amount  increases  rapidly  with  further  addition  of 
bromine. 

The  semicarbazone  prepared  by  adding  the  ketone  to  a  concentrated 
alcoholic  solution  of  semicarbazide  acetate,  crystallises  from  methyl 
alcohol  in  nacreous  scales  melting  at  195°  to  a  clear  yellow  liquid 
which  slowly  evolves  gas.  The  preparation  requires  to  be  carried 
through  as  rapidly  as  possible  on  account  of  the  ease  with  which  the 
semicarbazone  decomposes,  especially  when  in  solution  : 

Found,  N"  =  23-39.     CgH^gONg  requires  N  =  23-20  per  cent. 

Action  of  Hydroxylamine. — Two  grams  of  hydroxylamine  hydro- 
chloride were  dissolved  in  the  smallest  amount  of  water,  alcohol  and 
2  gi-ams  of  the  ketone  added,  the  solution  neutralised  with  sodium 
hydroxide  and  allowed  to  stand  twelve  hours.  It  was  then  poured 
into  a  saturated  solution  of  brine,  the  whole  extracted  with  ether,  the 
ethereal  solution  washed  with  water,  carefully  dried  over  calcium 
chloride,  and  the  ether  distilled  off.  As  the  slightly  coloured  residue 
showed  no  sign  of  solidification  on  standing  or  on  cooling,  and  as, 
unlike  the  oxime  of  the  corresponding  saturated  ketone  (see  page 
81),  it  could  not  be  distilled  even  under  a  low  pressure  without 
complete  decomposition,  the  nitrogen  was  determined  in  a  specimen 
of  the  liquid  prepared  as  above  described  : 

Found,  N=  11-15.     CgHigON  requires  N=  10-07  per  cent. 

Although  the  nitrogen  fou-nd  is  not  very  closely  in  accord  with  the 
calculated  amount,  it  is  sufficiently  near  to  show  that  the  substance  is 
a  simple  oxime  and  not  a  hydroxylamino-oxime,  which  would  require 
16-27  per  cent,  of  nitrogen. 

Moreover,  when  the  crude  oxime  was  treated  with  benzoyl  chloride, 
although  decomposition  took  place  resulting  mainly  in  the  formation 
of  a  dark  coloured  liquid,  a  small  quantity  of  a  solid  benzoyl  deriv- 
ative was  isolated,  crystallising  from  absolute  alcohol  in  nacreous, 
scaly  needles  melting  at  171— 172=' and  containing  6-10  per  cent,  of 
nitrogen,  whereas  the  calculated  amount  for  the  benzoyl  derivative  of 
the  simple  oxime  is  5-76  per  cent. 

Oxidation  of  the  Ketone. — Five  grams  of  the  ketone  were  suspended 
in   125    c.c.  of  water,  and   a   cold    saturated    solution   of   potassium 
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permanganate  added  until  no  longer  decolorised.  As  oxidation  took 
place  very  rapidly,  the  solution  was  cooled  by  the  addition  of  small 
quantities  of  ice  and  then  worked  up  in  the  usual  way,  when  5*2  grams 
of  a  white  solid  were  obtained.  This  was  dissolved  in  water  and  the 
solution  saturated  with  hydrogen  chloride,  when,  on  standing, 
1"8  grams  of  needle-shaped  crystals  separated  melting  at  139 — 140°, 
nor  was  this  melting  point  lowered  on  mixing  with  pure  as-dimethyl- 
succinic  acid.  The  identity  of  this  substance  was  further  proved  by 
converting  a  portion  into  the  anilic  acid,  which  crystallised  from 
methyl  alcohol  in  nacreous,  scaly  needles  melting  at  187*^  with 
evolution  of  gas. 

The  mother  liquor  from  the  as-dimethylsuccinic  acid  was  evaporated 
to  dryness,  and  the  solid  residue  (2  5  grams)  heated  with  excess 
of  acetyl  chloride  for  two  hours.  On  evaporation  of  the  solvent,  the 
residue  solidified  rapidly  when  stirred,  and  after  frequent  crystallisa- 
tion from  benzene  was  obtained  in  stellar  aggregates  of  transparent 
needles  melting  at  110 — 111°  : 

0-1100  gave  0-2142  CO2  and  0-0654  HgO.     C  =  53-10;  H  =  6-60. 
C^HjqO^  requires  0  =  53-16  ;  H  =  6-33  per  cent. 

0-2019  required  12-85  c.c.  iV/lO  NaOH.     Oalculated,  12-78  c.c. 
CyH^oO^  molecular  weight  calculated  158.     Found,  157. 

On  heating  the  solution  used  for  this  titration,  a  further  11-5  c.c. 
of  iV/lO  NaOH  were  required  for  neutralisation.  This  substance  is 
evidently,  therefore,  the  lactone  of  a-hydroxy-^/3-dimethylglutaric  acid 
(compare  Perkin  and  Thorpe,  Trans.,  1899,  75,  56). 

V.   With  Zinc  Dust  in  Acetic  Acid  Solution. 

Two  quantities  of  20  grams  of  chloroketodimethyltetrahydrobenzene 
were  separately  dissolved  in  80  grams  of  glacial  acetic  acid  contained 
in  a  flask  attached  to  a  reverse  condenser  and  heated  on  a  sand-bath. 
Thirty-three  grams  of  zinc  dust  were  gradually  added,  at  first  in  very 
small  amounts  as  the  reaction  is  a  vigorous  one.  The  operation  takes 
about  twenty  hours,  at  the  end  of  which  time  the  whole  was  neutral- 
ised with  sodium  hydroxide  and  distilled  in  steam  (residue  =  ^),  the 
distillate  extracted  six  times  with  ether,  the  ethereal  sol  utionn washed 
with  potassium  hydroxide,  then  with  water,  dried  over  calcium 
chloride,  and  the  halogen  free  residue  obtained  on  evaporation  of  the 
ether  distilled  under  low  pressure  and  analysed  : 

0-1080  gave  0-3017  CO2  and  0-1090  H2O.     0  =  76-18;  H=  11-21. 
CgHj^O  requires  0  =  76-19  ;  H  =  1M1  per  cent. 

The  same  substance  may  be  obtained  by  using  dilute  instead  of 
glacial  acetic  acid.     For  this  purpose,  20  grams  of  chloi-oketodimethyl- 
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tetrahydrobenzene  were  dissolved  in  48  grams  of  glacial  acetic  acid 
and  40  c.c.  of  water  and  tx'eated  with  33  grams  of  zinc  dust.  Towards 
the  end  of  the  reaction  it  was  necessary  to  add  small  quantities  of 
glacial  acetic  acid.  The  product  was  worked  up  as  described  above, 
when  the  steam  distillate  (residue  of  distillation  =  B)  yielded  a  liquid 
boiling  at  77"5°  at  27  mm  : 

0-1316  gave  0-3660  CO2  and  0-1319  HgO.     0  =  7585;  H=  11-13. 
CsH^^O  requires  C  =  76  -1 9  ;  H  =  1 1  -1 1  per  cent. 

The  only  difference  between  this  specimen  of  the  ketone  and  that 
prepared  by  the  action  of  glacial  acetic  acid  was  that  the  former  gave 
a  faint  colour  reaction  indicative  of  the  presence  of  the  corresponding 
unsaturated  ketone  (see  page  75).  The  amount  present  must  have 
been  extremely  small,  as  it  did  not  affect  the  above  quoted  analysis, 
and  after  treating  this  specimen  of  the  ketone  in  the  culd  with  dilute 
potassium  permanganate  it  no  longer  gave  the  colour  reaction. 

Z-Keto-\  :  \-dimetylhexahydrohenzene,     CMe2\pTT^.pTT  ^i^CHg,  is   a 

clear,  colourless,  refractive  liquid  boiling  at  75-5°  at  25  mm.  and 
possessing  a  strong  camphoraceous  odour.  The  yield  when  using 
glacial  acetic  acid  is  50 — 55  per  cent,  of  the  theoretical  amount,  and 
with  dilute  acetic  acid  somewhat  less.  The  ketone  does  not  give 
a  colour  reaction  with  sulphuric  acid.  When  dissolved  in  chloroform 
and  a  solution  of  bromine  in  the  same  solvent  added,  no  bromine  is 
absorbed  for  some  little  time,  then  the  colour  suddenly  disappears, 
hydrogen  bromide  is  evolved,  and  on  adding  more  bromine  it  is  rapidly 
absorbed  and  tori'ents  of  hydrogen  bromide  are  given  off.  This 
seems,  perhaps,  an  unusual  behaviour  for  a  saturated  compound,  but 
it  has  been  ascertained  that  ketohexahydrobenzene  behaves  in  exactly 
the  same  way  towards  bromine,  and  the  phenomenon  is  pi-obably 
connected  with  the  conversion  of  the  bodies  into  derivatives  of  the 
ai'omatic  series,  a  point  which  is  receiving  attention. 

The  semicarbazone,  prepared  in  the  usual  manner,  crystallises  from 
absolute  alcohol  in  radiating  clusters  of  glistening,  flattened  needles 
melting  at  195°  with  evolution  of  gas  and  much  greater  decomposition 
than  the  semicarbazone  of  the  corresponding  unsaturated  ketone 
(see  page  79)  : 

Found,  N  =  22-72.     OgH^.ONg  requires  N  =  22-95  per  cent. 

The  oxime  was  prepared  from  5  grams  of  the  ketone  exactly  as 
described  on  page  79.  It  distilled  quite  constantly  at  132°  at  37  mm. 
as  a  clear,  colourless,  syrupy  liquid  with  a  sickly  odour  somewhat 
reminiscent  of  both  camphor  and  celery  : 

Found,  N  =  9-83.     CgHj^ON  requires  N  =  9-93  per  cent. 

As  it  did  not  solidify  on  cooling  or  on  standing  for  some  consider- 
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able  time,  it  was  converted  into  thebenzoyl  derivative,  which  is  readily 
soluble  in  the  cold  in  the  usual  organic  solvents,  but  crystallises  from 
dilute  alcohol  in  nacreous  scales  melting  at  69°  : 

Found,  N  =  6-05.     CjgHjgOgN  requires  N  =  5-71  per  cent. 

This  substance  was  then  hydrolysed  by  warming  with  potassium 
hydroxide  (1  : 2),  when  suddenly  the  solution  became  quite  clear, 
and  on  passing  carbon  dioxide  through  it  the  oxime  was  pre- 
cipitated. It  was  extracted  with  ether,  &c.,  when,  on  standing  some 
time  in  a  vacuum,  it  solidified  completely.  The  solid  melted  at 
43 — 44°,  was  extremely  soluble  in  the  cold  in  the  usual  organic  media, 
and  was  proved  by  analysis  to  consist  of  the  pure  oxime. 

Oxidation  of  the  Ketone. — Ten  grams  of  the  ketone  were  suspended 
in  250  CO.  of  water  and  a  saturated  solution  of  potassium  perman- 
ganate gradually  added.  The  oxidising  agent  was  only  used  up 
extremely  slowly  in  the  cold,  and  therefore  the  whole  was  heated  on 
the  water-bath,  when  the  reaction  required  about  forty  hours  for  com- 
pletion. The  product  was  treated  in  the  usual  way,  yielding  5  grams 
of  solid,  which  were  dissolved  in  Avater  and  the  solution  saturated  with 
hydrogen  chloride,  but  even  on  long  standing  no  crystals  were 
deposited  (compare  Trans.,  1906,  89,  1552).  The  solution  was 
evaporated,  care  being  taken  to  get  rid  of  all  the  hydrogen  chloride, 
and  the  residue  crystallised  from  a  mixture  of  chloroform  and  light 
petroleum,  when  2-8  grams  of  radiating  clusters  of  rhombic  plates 
sepai-ated,  melting  at  85 — 86°,  nor  was  this  melting  point  lowered  on 
mixing  with  pure  ^y8-dimethyladipic  acid  : 

0-1193  gave  0-2411  COg  and  0-0879  HgO.     C  =  55-12;  H  =  818. 
CgHj^O^  requii-es  C  =  55-17  ;  H  =  8-04  per  cent. 

On  evaporating  the  mother  liquor  from  the  dimethyladipic  acid, 
there  remained  a  solid  residue,  which  was  dissolved  in  water  and  the 
solution  saturated  with  hydi'ogen  chloride,  but  on  standing  only  a  few 
minute  crystals  separated.  These  were  filtered  and  hydrogen  chloride 
allowed  to  escape  from  the  solution,  when  compact  crystals  formed, 
consisting  of  pure  yS/3-dimethyladipic  acid,  thus  proving  that  only 
minute  traces  of  the  isomeric  aa-dimethyladipic  acid  could  have  been 
produced  during  the  oxidation. 

The  residue  from  the  steam  distillation  A  (see  page  80)  was 
acidified  with  acetic  acid,  extracted  with  ether,  the  ethereal  solution 
washed  with  potassium  hydroxide  solution,  then  with  water,  dried 
over  calcium  chloride,  and  the  ether  evaporated,  when  a  residue  of 
9-2  grams  remained  which  partially  solidified.  This  was  triturated 
with  light  petroleum  (40 — .60°),  yielding  3  gi-ams  of  solid,  from  which 
on  crystallisation  from  ethyl  acetate  there  were  obtained  2  grams  of 
pure     1  :  I'-dihydroxy-S  :  5  :  5' :  5'-tetramethyl-A2'2'-dic?/c^ohexene     (see 
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page  76).  The  residue  from  the  steam  distillation  B  (see  page  80) 
was  treated  in  a  similar  manner,  except  that  the  trituration  with  light 
petroleum  was  unnecessary,  when  it  yielded  1'4  grams  of  1  : 1'-di- 
hydroxy-5  :  5  :  5'  :  5'-tetramethyl- A'^'^'-dicyc/ohexene. 

Both  the  above  solid  residues  from  A  and  B  contained  a  large  pro- 
portion of  the  low  melting  solid  referred  to  in  the  footnote  on 
page  76. 

The  authors  take  this  opportunity  of  expressing  their  thanks  to  the 
Eesearch  Fund  Committee  of  the  Chemical  Society  for  a  grant  which 
has,  in  part,  defrayed  the  expenses  of  this  investigation. 

Research  Laboratory,  Pharmaceutical  Society, 
17,  Bloomsbuky  Square,  W.C. 


VII. — The  Viscosity  of  Liquid  Mixtures. 

By  Albert  Ernest  Dunstan  and  Robert  William  Wilson. 

In  the  two  previous  jDarts  of  this  series,  the  viscosity  concentration 
curves  of  various  liquid  mixtures  have  been  investigated,  and  it  has 
been  shown  that  these  curves  could  be  divided  into  three  classes  : 

(i)  Those  approximately  obeying  the  law  of  mixtures,  being  concave 
to  the  axis  of  percentage  composition,  and  having  the  greatest  di- 
vergence from  normal  at  some  point  of  simple  molecular  concentration. 

(ii)  Those  exhibiting  definite  maxima  at  points  coi'responding  with 
mixtures  of  simple  molecular  composition.  Nearly  all  experimental 
work  in  this  class  has  been  done  with  aqueous  solutions,  and  a  great 
volume  of  evidence  points  to  the  conclusion  that  in  such  mixtures  the 
formation  of  hydrates  is  always  existent,  producing  groups  of 
complexes  in  dynamic  equilibrium  even  when  definite  compounds 
cannot  actually  be  isolated. 

(iii)  Those  exhibiting  minima  which  also  are  to  be  found  at  points 
of  simple  molecular  composition. 

In  general,  these  liquid  pairs  which  ai'e  made  up  of  unimolecular 
non-associating  components  give  viscosity  concentration  curves  which, 
although  frequently  near  the  normal,  yet  sometimes  diverge  consider- 
ably from  it. 

In  the  present  communication,  a  brief  account  is  given  of  certain 
empirical  relationships  which  hold  good  for  these  viscosity  concentra- 
tion   curves    {Zeit.    physikal.    Chevi.,    1906,   56,    370),    and    further 
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experimental  results  in  the  shape  of  a  curve  for  mixtures  of  water 
and  sulphuric  acid  are  adduced. 

it  has  been  laid  down  in  previous  papers  that  increase  in  the 
viscosity  coefficients  implied  increase  in  the  masses  of  the  colliding 
slipping  particles  whether  they  be  simple  molecules  or  loosely  held 
complexes.  Whereas,  on  the  one  hand,  carbon  disulphide,  ether,  the 
paraffins  and  other  simple  unimolecular  liquids  are  mobile,  the  alcohols 
and  acids  are  more  viscous,  glycol  and  glycerol  notably  so,  whilst  the 
comparatively  enormous  molecular  masses  of  the  jellies  and  colloids 
attain  an  almost  infinite  viscosity. 

A  decrease  in  viscosity  similarly  may  imply  a  decrease  in  complexity 
or  the  disintegration  of  the  molecular  groupings  in  solution,  and  this 
phenomenon  is  sometimes  observed  even  when  a  more  viscous  com- 
pound is  added  to  one  of  less  viscosity. 

The  experimental  data  in  this  work  have  been  obtained  in  the 
same  manner  as  in  previous  papers.  The  sulphuric  acid  was  kindly 
supplied  in  considerable  quantity  by  Dr.  Messel,  to  whom  we  ai'e  glad 
of  this  opportunity  of  expressing  our  gratitude. 

The  two  specimens  of  this  acid  which  we  obtained  were  of  special 
purity.  The  strength  was  determined  by  titration  of  the  diluted  acid, 
by  conversion  into  barium  sulphate,  and  from  the  density,  using 
Pickering's  tables  (Trans.,  1890,  57,  64). 

Analysis  of  the  first  specimen  : 

By  density  H2S04  =  99-5    per  cent.  ^ 

By  titration H2S04  =  99-2         „  V 

Gravimetrically    ...       H^S04  =  99  57       ,,  j 

The  second  specimen  gave  as  average  of  density  determinations  : 
H2S04  =  99-924  percent. 

The  water  used  was  redistilled  from  alkaline  permanganate  and  kept 
in  well-stoppered  Jena  flasks.  A  large  .stock  of  50  per  cent,  acid  was 
made,  and  this  served  for  the  middle  determinations  by  addition 
either  of  water  or  acid.  The  strengths  of  the  solutions  were  deter- 
mined mainly  by  Pickering's  tables  of  density ;  frequent  checks  were 
made  by  titration  and  also  by  gx'avimetric  analysis. 

The  following  table  gives  the  percentage  composition  of  the 
solutions,  the  density  and  the  viscosity  coefficients.  These  data  are 
plotted  on  the  accompanying  curve  (Fig.  1)  : 
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H2S04 

H2SO4 

per  cent. 

Density. 

Viscosity. 

per  cent. 

Density. 

Viscosity 

99 

924 

82714 

1 

06160 

81-086 

1-73197 

0 

83452 

97 

513 

83171 

0 

85761 

80-243 

1-72287 

0 

78099 

95 

723 

82986 

0 

83255 

79-838 

1-71844 

0 

60272 

93 

410 

82348 

0 

84211 

79-5-28 

1-71484 

0 

74084 

92 

300 

81930 

0 

85088 

78-242 

1-70030 

0 

67-228 

91 

363 

81476 

0 

87158 

76-271 

1-67756 

0 

57396 

90 

437 

80982 

0 

88508 

74-746 

1-65976 

0 

53603 

89 

575 

80525 

0 

95132 

70-519 

1-61049 

0 

40095 

88 

733 

79985 

0 

91588 

69-205 

1-59488 

0 

36450 

88 

001 

79522 

0 

92568 

67  ■209 

1-57236 

0 

32322 

86 

865 

78650 

0 

93366 

64-643 

1-54331 

0 

2804-2 

86 

979 

78737 

0 

93527 

58-356 

1-47457 

0 

20568 

85 

070 

77160 

0 

94794 

51-640 

1-40596 

0 

15370 

84 

970 

77074 

0 

92966 

49-858 

1-38857 

0 

14706 

84 

280 

76447 

0 

92529 

43-234 

1-32691 

0 

11293 

83 

980 

76069 

0 

91010 

36-427 

1-26759 

0 

09239 

83 

401 

75588 

0 

90866 

26-492 

1-18630 

0 

07119 

82 

580 

74750 

0 

89842 

15-699 

1-10413 

0 

05851 

82 

210 

743S4 

0 

86571 

0 

0-99717 

0-00891 

81 

544 

73719 

0 

83108 

Fig.  1. 
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In  a  useful  summary  of  woik  done  on  the  question  of  the  molecular 
constitution  of  solutions  of  sulphuric  acid,  Burt  (Trans.,  1904,  86, 
1351)  points  out  that  the  conclusion  that  combination  takes  place  in 
such  solutions  with  the  formation  of  complexes  had  been  arrived  at 
mainly  by  cryoscopic  methods. 

Pickering  (Trans.,  1890,  57,  64,  331),  in  his  classical  investigation 
on  this  subject,  brings  forward  indisputable  evidence  as  to  the  exist- 
ence of  such  complexes,  an  existence  which  in  the  case  of  some  he 
proves  by  their  actual  isolation.  With  respect  to  density  determina- 
tions, Pickering  quotes  Mendel^elf' s  experimental  curves  (Zeit.  physikal. 
Chem.,  1887,  1,  275;  see  also  Crompton,  Trans.,  1888,  53,  116)  in 
which  after  differentiation  the  following  hydrates  were  deduced : 
H2S0,,H,0,  H^S04,2H20,  H^SO^.GHgO,  H2SO4,150H2O. 

Pickering's  own  curve  after  a  similar  process  afforded  seventeen 
straight  lines  equivalent  to  a  complex  first  curve  of  seventeen  parabolic 
components,  which  the  author  considered  as  the  density  curve  of 
seventeen  hydrates  in  solution.  From  the  contractions  on  mixing, 
similar  discontinuous  sections  identical  with  the  above  were 
found. 

He  investigated  Kohlrausch's  conductivity  curves,  which  gave 
five  hydrates,  and  obtained  the  same  results. 

Jones  {J.  Amer.  Cliem.  Soc,  1894,  16,  1),  by  investigating  the  lower- 
ing of  the  freezing  point  of  acetic  acid  by  sulphuric  acid,  claimed  to 
have  proved  the  existence  of  HoSO^jHgO  and  H2S04,2H20  in  solution. 
That  the  former  hydrate  is  capable  of  existence  and  isolation  is  no 
longer  doubted. 

Pictet  {Compt.  rend.,  1894,  119,  642)  obtained,  by  the  cryoscopic 
method,  maximum  and  minimum  points  corresponding  with  HoSO^jHgO, 
H2S04,2H20,  and  others. 

Ramsay  and  Shields  (Trans.,  1894,  65,  179)  found  that  the  constant 
boiling  liquid  12H2S04,H20  had  an  abnormally  high  molecular  weight 
and  concluded  that  complexes  had  been  formed. 

Graham's  work  [Phil.  Trans.,  1846,  A,  513  ;  1861,  373)  on  solutions 
of  sulphuric  acid  and  water  brought  out  quite  clearly  the  maximum 
at  85'1  per  cent,  of  the  acid  corresponding  with  H2S04,HoO;  the 
remainder  of  the  curve  on  both  sides  of  this  point  is  quite  normal. 

Burt's  own  conclusions  (loc.  cit.)  drawn  from  his  results  on  the 
vapour  pressures  of  sulphuric  acid  solutions  are  of  great  interest ;  he 
points  out  that : 

(1)  The  molecular  weights  calculated  from  the  vapour  pressures 
never  rise  above  32*7. 

(2)  The  molecular  weights  usually  lie  below  32-7,  increase  with 
temperature,  and  decrease  with  greater  concentration. 

(3)  Inversion  points   are  of  frequent  occurrence  in   the  curves  of 
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molecular  weight  x  temperature.     He   concludes    that    complexes    are 
formed,  but  finds  no  evidence  for  the  existence  of  definite  hydrates. 

Knietsch  {Ber.,  1901,  34,  4069)  made  an  elaboi-ate  investigation 
of  these  mixtures,  using  not  only  determinations  of  viscosity,  but  also 
of  the  melting  points,  conductivities,  and  surface  tensions. 

From  the  melting-point  curve,  he  deduced  the  existence  of 
HoSO^.Hp,  and  HoSO^.SOj  at  maxima,  and  of  2H.,SO^,H20, 
4H2SO^,S03,  and  H2S6^,2S03  at  minima. 

From  the  conductivity  numbers,  he  found  discontinuities  at  points 
corresponding  with  H2SO^,HoO,  and  2H2SO^,H20,  and  at  15  per  cent, 
free  SO3. 

The  viscosity  data  show  that  the  effect  of  adding  sulphuric  acid  to 
water  in  gradually  increasing  amount  is  to  cause  an  equally  gradual 
increase  in  the  viscosity.  The  first  maximum  point  is  attained  at 
85  per  cent.,  that  is,  the  "  monohydrate,"  but  it  is  to  be  noticed  that 
the  increase  in  the  viscosity  is  by  no  means  commensui-ate  with  the 
simple  addition  of  H^O  to  HgSO^  or  of  HgSO^  to  HgO, 

So  far  as  can  be  seen  from  the  previous  work  on  aqueous  solutions, 
these  maxima  would  more  probably  correspond  to  aggregates  such  as 
(HgSO^jHgO),!,  where  "?i"  may  be  of  considerable  magnitude. 

As  will  be  noticed  in  the  sequel,  a  very  rough  approximation  for  the 
addition  of  CH.,  in  an  homologous  series  is  0"001  unit  of  viscosity. 
Thus  toluene  to  xylene,  methyl  to  ethyl  iodide,  hexane  to  heptane, 
ethyl  bromide  to  propyl  bromide  give  such  increments.  Larger 
increments  are  found  in  the  alcohol  and  acid  series,  but  in  the  case  we 
are  considering,'  the  minimum  point  viscosity  is  0'0S3255,  and  the 
maximum  point  10  per  cent,  from  it  is  0-094794,  whilst  water  is 
0 •00891.  From  this  maximum,  further  addition  of  water  reduces  the 
viscosity  to  a  minimum  which  is  located  at  about  95  per  cent.;  after 
this  point  the  viscosity  again  steadily  increases  through  HjSO^  until  the 
second  maximum  at  50  per  cent,  free  SO3  (Knietsch,  loc.  cit.),  both 
maxima  corresponding  with  the  two  maxima  of  density. 

It  will  be  noticed  that  in  the  appended  curve  there  is  a  minimum 
point  at  95  per  cent,  corresponding  with  SHgSO^jHgO. 

A  similar  minimum  point  was  obtained  with  mixtures  of  benzaldehyde 
and  alcohol  and  with  benzene  and  alcohol.  Such  a  point  can  be  inter- 
preted as  being  the  final  result  of  the  fission  of  sulphuric  acid  complexes 
by  the  water,  the  fission  being  complete  when  the  water  reaches  the 
above  concentration.  The  addition  of  more  water  causes  more  complex 
formation  until  this  culminates  in  the  building  up  of  the  monohydrate, 
which,  at  any  rate  in  solution,  may  be  the  first  anhydride  of  ortho- 
sulphuric  acid.  The  position  of  this  well-known  compound  is  clearly 
indicated  at  85  per  cent.  No  further  well-marked  discontinuity  occurs, 
at  any  rate,  of  the   same   order   as   the   maximum   already  quoted. 
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Possibly  more  delicate  apparatus  would  indicate  such  complexes  of  the 
"  second  order."  The  position  of  sulphuric  acid  and  its  "  monohydrate  " 
on  the  viscosity-molecular  weight  curves  (v.s.)  indicates  the  high 
degree  of  association  it  possesses. 

It  will  be  readily  seen  from  what  has  gone  before  that  little 
obedience  to  the  mixture  law  can  be  expected  from  two  components 
like  sulphuric  acid  and  water,  alcohol  and  benzene,  or,  in  brief, 
wherever  we  deal  with  associated  substances,  and  it  is  because  of  this 
reciprocal  action  of  one  on  the  other  that  all  attempts  to  investigate 
these  effects  have  failed.  The  foroiula  given  by  Lees  (Phil.  Mag., 
1901,  [vi],  1,  128),  r]'^  =  t\y]i^^  +  v.^7].2^,  where  "n"  is  a  constant  for  the 
liquid  pair,  r],  17^  and  t;^  the  viscosity  coefl&cients  for  the  mixture,  and  the 
two  components  respectively,  and  v^v.2  the  relative  volume  of  the  two 
components,  fits  in  most  closely  with  observed  facts ;  at  the  same  time 
it  should  be  noticed  that  this  can  scarcely  be  described  as  a  mixture 
law  which  has  to  be  qualified  in  each  case. 

Several  regularities  have  been  met  with  in  the  coui'se  of  this 
investigation,  especially  in  connexion  with  unimolecular  liquids. 


A.  Connexion  between  Molecular   Weight  and  Angle  between  Tangent 
to  Curve  and  Axis  of  Viscosity. 

In  any  of  the  previously  given  curves  (Trans.,  1904,  85,  817  ;  1905, 
87,  11)  let  tangents  be  drawn  at  the  point  where  the  curve  meets  the 
viscosity  axis. 

Let  a  be  the  angle  between  the  tangent  and  the  viscosity  axis. 

Then  a  is  connected  with  the  molecular  weight  of  the  liquid  in 
question,  as  follows  : 

Table  I. 

Solution  in 
benzene.         Mol.  wt. 
Carbon  tetrachloride.  154 

Toluene     92 

Ethyl  acetate 88 

Carbon  disulphide  ...  76 
Ethyl  ether 74 


.   a. 
52 
93 

Product. 
7-9 
8-55 
8-27 
7-98 
7-55 

Solution  in 
alcohol.           Mol.  wt. 
Carbon  disulphide.     76 
Mercaptan    62 

a. 

128 

148 

100 

48 

62 

Product 
9-73 
9-17 

94 

105 

Acetone 58 

Benzene     78 

5-8 
3-72 

102 

Beuzaldehyde  106 

6-57 

It  is  to  bo  noticed  that  the  last  three  alcoholic  solutions  give 
abnormal  experimental  results,  in  that  minima  or  exceptionally  sagged 
curves  are  shown. 

If  such  behaviour  indicates  dissociation,  then  the  associated  benzalde- 
hyde  and  benzene  having  a  greater  molecular  mass  than  normal  would, 
as  shown  in  the  sequel,  give  a  steeper  curve  and  a  smaller  angle  a.  la 
all  cases  examined,  the  viscosity  conceirtration  curves  are  parabolic,  and 
can  be  fairly  represented  by 

X  =  ay~  +  by  +  c, 
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therefore =  Ky  +  J/, 

dy 

hence  a  relation  exists  between  the  tangent  of   a  and  y,  that  is,  the 

viscosity  coefficient,  or,  as  is  shown  here,  between   a    and    molecular 

weight. 

B,   Connexion  between  Molecular  Weight  and  Viscosity. 

The  following  table  (Dunstan,  Zeit.  physikal.  Chem.,  1905,  51,  738) 
further  shows  the  clo?e  connexion  between  molecular  weight  and 
viscosity,  and  also  illustrates  the  great  abnormality  of  the  hydroxyl- 
ated  liquids  (see  Thorpe  and  Rodger,  Phil.  Trans.,  1897,  185,  A,  397)  : 

Liquid. 

Benzene 

Ethyl  acetate     

Ethyl  iodide 

Ethyl  bromide  

Chloroform    

Acetone 


rj/M.V.  X 
65 

10". 

Liquid. 
Wator  

Tj/M.V.  xlO" 
493 

60 

Methyl  alcohol   

138 

69 

Ethyl         ,, 

189 

51 

Propvl       .,          

262 

67 

Allyl 

180 

43 

Glycol 

Benzaldehyde 

Acetic  acid  

Lactic     ,,     

...      .    2750 

143 

195 

5410 

A  further  relationship  may  be  deduced  from  the  viscosity  concentra- 
tion curves  given  in  previous  communications  (loc.  cit.). 

Taking  again  tangents  to  these  curves  at  the  vertical  axes  and 
calling  the  angles  between  the  curve  and  tangent  "5"  and  "  c" 
respectively,  then  the  following  statement  holds  gool.  The  product  of 
the  molecular  weight  of  each  liquid  with  the  angle  "c"  or  "5"  is 
constant,  for  the  effect  of  liquid  A  on  liquid  B  is  measured  by  the 
angle  "  b  "  and  vice  versd,  the  effect  of  -B  on  .4  is  mea-sured  by  the 
angle  "  c  "  : 

Table  II. 


Liquid  J. 

[b. 

Liquid  B. 

A/c 
Bib  ~ 

K. 

Ethyl  mercaptau    

Toluene  

62 
92 
76 
74 
76 
88  _ 

16 
2 
2 

12 
3 

13 

Ethyl  alcohol    

Benzene     

46 

78 
142 
78 
78 
78 

13 
2 
4 

15 
3 

12 

806  _ 

736 

184  _ 

156 

.304  _ 

284 
1110  _ 

936 

228  _ 

23i 
1056  _ 
1014 

1-09 
l']8 

Carbon  disulphide 

Ethyl  ether    

Methyl  iodide   

Benzene      

1-07 
1-lS 

Carbon  disulphide 

Ethvl  acetiite 

Benzene     

0-97 

Benzi-ne       

104 

90 
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C.   Relation   between    Molecular     Weight    and     Viscosity   of    Series    of 

Compounds. 

An  important  connexion  between  these  quantities  is  evidenced  when 
they  are  plotted  as  in  Fig.  2,  log.  viscosity  against  molecular  weight. 
It  will  be  seen  that  the  various  members  of  a  chemical  series  lie  on  the 
same  curve.    The  viscosity-molecular  weight  curves  are  parabolic.    The 


Fig.  2. 


simple  esters  lie  closely  together,  and  there  is  a  similar  proximity 
between  the  symmetrical  and  asymmetrical  ketones.  Chloroform  is 
placed  near  the  paraffins.  The  paraffins  investigated  by  Thorpe  and 
Rodger  lie  almost  on  a  straight  line ;  other  available  determinations 
show  a  considerable  want  of  agreement  with  these  and  with  themselves. 
It  is  to  be  noticed  that  the  first  members  of  each  series  diverge  more 
or  less  from  the  logarithmic  line  and   behave  as  thovigh  they  had  a 
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larger  molecular  weight  than  normal  (see  also,  for  this  association  of 
the  early  members  of  homologous  series,  Ramsay  and  Shields,  Trans., 
1893,53,  1101). 

Benzene  also  occupies  an  anomalous  position,  giving  evidence  of 
considerable  association  (nearly  110  mol.  wt.). 

Fig.  3  shows  the  logarithmic  curves  for  the  acids  and  alcohols.  The 
two  curves  are  very  similar  and  indicate  the  same  inconsistent  be- 
haviour of  the  earliest  members ;  from  the  points  given  by  water  and 
formic  acid  the  curves  follow  almost  parallel  to  each  other,     A  con- 

FiG.   3. 
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sideration  of  these  curves  will  show  that  water  behaves  as  a  liquid  of 
molecular  weight  nearly  50,  that  is,  (1X20)3,  and  formic  acid  nearly 
100,  that  is,  (H '00211)2,  assuming  that  the  other  members  are  normal. 
Hence  we  may  deduce  the  general  law  : 

y  =  A  +  B  log.  77, 
where  y  is  the  molecular  weight,  A  and  B  are  constants  depending  on 
the  particular  series  to  which  the  liquid  belongs,  and  7]  is  the  viscosity 
coefficient. 

It  will  be  noticed  that  B,  which  measures  the  slope  of  the  curves,  is 
almost  the  same  in  the  various  series,  and  has  therefore  a  general 
nature,  A  being  the  specific  constant  for  each  family. 

The  authors  desire  to  thank  Prof.  Trouton  for  his  interest  in  this 
investigation. 

East  Ham  Technical  College.  Uxiveksity  College. 
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VIII. — Relation     hetiveen     Chemical    CoiiMitution    and 
Physiological  Action  in  the   Tropeincs. 

By  Hooper  Albert  Dickinson  Jowett  and  Frank  Lee  Pyman. 

In  a  previous  communication  (Trans,,  1906,  89,  357)  it  was  shown  by 
one  of  us,  in  conjunction  with  Mr.  Hann,  as  the  result  of  the 
physiological  examination  of  a  number  of  new  tropeines  : 

(1)  That  the  peculiar  difference  in  physiological  action  between  a 
lactone  and  its  corresponding  hydi'oxy-acid,  as  exemplified  by  pilo- 
carpine and  pilocarpic  acid,  also  occurs  in  the  case  of  a  tropeine  having 
a  haptophore  group  similar  to  that  in  pilocarpine,  namely,  terebyl- 
tropeine,  and  also  in  the  case  of  phthalidecarboxyltropeine. 

(2)  That  Ladenburg's  generalisation,  so  far  as  it  refers  to  the 
necessity  for  a  mydriatic  tropeine  to  contain  a  benzene  nucleus,  does 
not  strictly  hold  since  terebyltropeine  possesses  a  distinct  mydriatic 
action. 

In  order  further  to  elucidate  these  two  points  the  following  tropeine 
was  prepared  and  physiologically  examined  : 

•CO O 

•CH(0H)-CH-C0-C8Hi,0N  ' 

Lactone  of  o-Garhoxyphenylglyceryltropeine. 

If  Ladenburg's  generalisation  is  valid,  namely,  that  a  tropeine  to 
possess  mydriatic  properties  must  contain  an  acyl  group  attached  to  a 
benzene  nucleus,  and  an  aliphatic  hydroxyl  in  the  side-chain  containing 
the  carboxyl  group,  and  if  the  observation  that  a  lactone  is  much  moi'e 
active  physiologically  than  the  corresponding  hydroxy-acid  applies  also 
in  this  instance,  then  the  above  tropeine  should  be  a  very  powerful 
mydriatic,  for  it  fulfils  the  requirements  of  Ladenburg's  generalisation 
and  is  also  a  lactone.  Its  corresponding  hydroxy-acid  would  contain 
two  hydroxyl  groups  in  the  side-chain  bearing  the  carboxyl,  and  the 
lactone  of  such  a  compound  might  naturally  be  expected  to  prove  very 
active  physiologically. 

It  was  found  that  this  tropeine,  on  heating,  readily  lost  the  elements 
of  water,  forming  i&ocoumarincarhoxyltropeine, 

•CO O  _^  /^-co-o 

■CH(OH)-CH-CO-CsHi,ON  ^^-CHIC-CO-CsHi.ON ' 

in  a  manner  similar  to  the  conversion  of  the  lactone  of  o-carboxy- 
phenylglyceric  acid  into  isocoumarincarboxylic  acid  (Bamberger  and 
Kitschelt,  Ber.,  1892,  25,  896). 
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This  lactone  was  examined  physiologically,  and  it  was  also  thought  to 
be  of  interest  to  prepare  and  examine  physiologically  certain  alkyl 
bromides  of  these  tropeines,  as  well  as  those  of  homatropine. 

The  necessary  physiological  experiments  were  conducted  in  the 
Wellcome  Physiological  Research  Laboratories  by  Mr.  C.  T.  Symons, 
to  whom  we  wish  to  tender  our  best  thanks,  and  he  reports  as 
follows  : 

The  tropeines  were  slightly  mydriatic.  No  effect  was  observed  on 
instillation  of  aqueous  solutions  into  the  conjunctival  sac,  but  a  certain 
degree  of  mydriasis  was  produced  by  intramuscular  injection  ;  in  this 
respect,  therefore,  they  were  very  much  weaker  than  homatropine  or 
atropine.  Experiments  were  also  made  to  determine  their  action  on 
the  vagus  nerve-endings  in  the  heart,  and  in  this  respect  also  they 
proved  to  be  much  less  active  than  atropine. 

AVith  regard  to  their  action  as  lactones  it  was  found  that,  similarly 
to  pilocarpine  (compare  Marshall,  J.  Physiol.,  1904,  31,  153),  they  lost 
their  action  on  the  vagus  nerve-endings  in  the  heart  after  a  molecular 
proportion  of  alkali  had  been  added  to  the  base,  this  change  of  activity 
being  undoubtedly  due  to  the  conversion  of  the  lactone  into  its 
corresponding  hydroxy-acid. 

With  regard  to  the  alkyl  derivatives  of  these  tropeines,  it  was  found 
that  distinct  differences  in  activity  exist  between  the  hydrobromides 
on  the  one  hand  and  their  corresponding  methobromides  on  the  other. 
As  has  been  observed  before  with  other  alkaloids,  so  here,  the  introduc- 
tion of  a  methyl  group,  forming  a  quaternary  nitrogen  base,  very 
much  diminishes  the  action  of  the  substance  on  nerve  centres,  and 
induces  a  more  curare-like  action  on  the  motor  nerve-endings  in 
voluntary  muscle.  This  is  particularly  noticeable  in  a  comparison 
between  the  hydrobromide  and  the  methobromide  of  the  lactone  of 
o-carboxyphenylglyceryltropeine,  and  also  appears  in  a  less  pronovinced 
degree  in  the  case  of  isocoumarincarboxyltropeine. 

The  alkyl  salts  of  homatropine  were  compared  with  homatropine 
hydrobromide  as  regards  the  mydriatic  action  produced  on  instillation 
of  0'5  per  cent,  solutions  into  the  conjunctival  sac,  and  it  was  found 
that  the  pupils  of  cats'  eyes  were  dilated  more  completely  and  more 
quickly  by  the  methobromide  and  methonitrate  than  by  the  hydro- 
bromide, but  only  very  slightly  by  the  ethobromide. 

The  results  of  this  investigation  confirm  and  amplify  the  conclusions 
previously  arrived  at  {loc.  cit.),  and  prove  that  Ladenburg's  generalisa- 
tion cannot  be  maintained,  since  it  does  not  hold  good  in  the  case  of 
terebyltropeine,  which  is  mydriatic  although  not  conforming  to  the 
generalisation,  nor  in  the  case  of  the  lactone  of  o-carboxyphenyl- 
glyceryltropeine,  which  should  according  to  the  theory  be  very  active, 
but  does  not  prove  to  be  so. 
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On  the  other  hand,  the  difference  in  activity  between  the  lactone  and 
its  corresponding  hydroxy-acid,  first  noticed  in  the  case  of  pilocarpine 
and  pilocarpic  acid  by  Marshall  {loc.  cit.),  is  shown  in  all  the  tropeines 
examined,  and  it  seems  hardly  open  to  question  but  that  this 
difference  possesses  important  physiological  significance,  and  further 
inquiry  into  the  reason  of  this  difference  should  throw  considerable 
light  on  the  mode  of  action  of  these  substances. 

Experimental. 

Lactone  of  o-Carhoxyphenylglyceryllro2oeine, 

■CO O 

CH(OH)-CH-CO-C8Hi40^' 

This  base  was  prepared  by  passing  hydrogen  chloride  through  a 
solution  of  tropeine  neutralised  with  the  lactone  of  o-carboxyphenyl- 
glyceric  acid,  and  maintained  at  a  temperature  of  120 — 125°  for  two 
to  three  hours  (Tiiuber,  D.R.-P.  95853).  The  resulting  dark  brown 
gum  was  decomposed  by  ammonia,  and  the  base,  which  separated 
in  grey  crystals,  was  purified  by  recrystallisation  from  absolute  alcohol 
and  obtained  in  rosettes  of  stout,  acicular,  colourless  crystals  which 
melted  at  172 — 173°.  The  base  is  insoluble  in  water  and  moderately 
soluble  in  alcohol  : 

0-2522  gave  0-6029  COg  and  0-1463  H^O.     C  =  65-2  ;  H  =  6-4. 
CjgH^iOgN  requires  0  =  652;  H  =  6-4  per  cent. 

The  hydrochloride  separated  from  its  aqueous  solution,  on  evapora- 
tion in  a  vacuum  over  sulphuric  acid,  as  a  viscid  oil  which  gradually 
solidified,  forming  dense  rosettes  of  fine,  acicular  crystals.  After 
recrystallisation  from  absolute  alcohol,  it  was  obtained  in  imperfect 
crystals,  which  melted  at  228 — 229°  and  decomposed  at  235°.  This 
salt  is  anhydrous  and  is  very  easily  soluble  in  water,  but  moderately 
so  in  absolute  alcohol  : 

0-12  gave  0-0487  AgCl.     CI  =  10-0. 

CisH2iOsN,HCl  requires  01  =  9-6  per  cent. 

The  hydrobromide  separated  from  absolute  alcohol  in  rosettes  of  fine, 
acicular  crystals  which  melted  at  212 — 213°;  it  is  very  easily 
soluble  in  water  and  moderately  so  in  absolute  alcohol.  ^^The  air- 
dried  salt  contained  1  molecule  of  water  of  crystallisation,  which 
was  not  entirely  lost  after  five  hours'  heating  at  150°,  and  at  a  higher 
temperature  the  substance  decomposed  : 

0-2078  air-dried  salt  gave  00906  AgBr.      Br  =  18-6. 

0-1196    „      „       „        „     0-0518  AgBr.     Br=18-4. 

Cj8H2i05N,HBr,H20  requires  Br  =  18-6  per  cent. 
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The  hydriodide  crystallised  from  absolute  alcohol  in  microscopic 
prisms  which  melted  at  204 — 205°  ;  it  is  anhydrous  and  is  very 
easily  soluble  in  water,  but  sparingly  so  in  absolute  alcohol  : 

01812  gave  0-0916  Agl.     1  =  27-3. 

OjgHg^OgiSrjHI  requires  1  =  27-6  per  cent. 

The  nitrate  crystallised  from  absolute  alcohol  in  long,  fine  needles 
which  melted  at  174 — 175°.  This  salt  is  anhydrous  and  is  very 
easily  soluble  in  water  and  moderately  so  in  alcohol  : 

00732  gave  0-1470  CO,  and  0-0384  H^O.     0  =  54-8  ;  H  =  5-8. 
CjgHg^^OgNjHNOg  requires  C  =  54-8;  H  =  5-6  per  cent. 

When  this  salt  is  heated  for  some  time  at  130°  it  decomposes, 
turning  brown  and  losing  water,  and  the  decomposition  product 
yields  on  recrystallisation  from  alcohol  the  nitrate  of  z'socoumarin- 
carboxyltropeine  melting  at  238°. 

The  aurichloride  separated  from  boiling  water  in  stellate  clusters 
of  yellow  needles  which  melted  at  215 — 216°;  it  is  anhydrous  and  is 
modeiately  soluble  in  boiling  water,  sparingly  so  in  alcohol  : 

0-3366  gave  0  0991  Au.     Au  =  29-4. 

C^gHg^O-NjHAuCl^  requires  Au  =  29-4  per  cent. 

The  jjlot^tinicJdoride  separated  from  boiling  dilute  hydrochloric  acid 
in  groups  of  stout,  yellow  needles  which  melted  and  decomposed  at 
193 — 194°.  The  air-dried  salt  contains  2  molecules  of  water  of 
crystallisation  which  are  only  expelled  at  a  temperature  of  150°;  the 
anhydrous  salt  is  redder  than  the  hydrated  salt  : 

0-2026  air-dried  salt  lost  00063  H^O.     H20  =  3-l. 

01448,,        „       „     gave  0-0254  Pt.     Pt=17-5. 

0-2902   „       „       „       „      0-0509  Pt.     Pt=17-5. 
(C^sH2i05N)2,H2PtCle,2H20  requires  HoO  =  3-3  ;  Pt  =  17-6  per  cent. 

The  picrate  crystallised  from  hot  water  in  short,  yellow  needles 
which  melted  at  218—220°. 

The  methobromide  was  prepared  by  adding  excess  of  methyl  bromide 
to  a  solution  of  the  base  in  absolute  alcohol  at  0°,  and  allowing  to 
stand  for  one  hour,  when  it  separated  in  small  needles.  After 
crystallisation  from  absolute  alcohol  it  melted  at  257 — 258° ;  this  salt 
is  readily  soluble  in  water  and  very  sparingly  so  in  absolute  alcohol  : 

0-17  gave  0-0756  AgBr.     Br  =  18-9. 

CjgHg^OjNjCHgBr  requires  Br=  18-8  per  cent. 


•CO'O 
isoCoumarincarboxyltropeine,  III 

'x^-CniC-CO-CgHi^ON 

This  base  was  prepared  by  heating  the  lactone  of  o-carboxyphenyl- 
glyceryltropeine  to  120 — 125°  until  no  further  diminution  in  weight 
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took  place.  The  product  was  somewhat  discoloured,  and  was  purified 
by  repeated  crystallisation  from  absolute  alcohol  ;  the  pure  base 
formed  colourless,  glistening  leaflets  melting  at  179 — 180°,  which  are 
only  sparingly  soluble  in  water,  ether,  and  cold  alcohol  : 

0-1804  gave  0-4561  CO2  and  0-1025  H^.     C  =  690;  H-6-3. 

0-2100     „     0-5315  CO2    „     0-1185  H^O.     0  =  69-0 ;  H  =  6-3. 
C^gHjgO^N  requires  C  =  69-0  ;  H  =  6-1  per  cent. 

The  hydrochloride  separated  from  its  solution  in  absolute  alcohol 
in  tufts  of  slender  needles  ;  it  melted  and  decomposed  at  287 — 288°, 
and  is  easily  soluble  in  water,  but  sparingly  so  in  boiling  absolute 
alcohol.     The  salt  is  anhydrous  : 

0-2204  gave  0-0910  AgCl.     Cl=  10-2. 

CjsHi904N,HCl  requires  CI  =  10-1  per  cent. 

The  hydrobromide,  which  separated  from  its  solution  in  absolute 
alcohol  in  long,  fine,  matted  needles,  melted  and  decomposed  at 
252 — 253° ;  this  salt  is  easily  soluble  in  water  and  moderately  so  in 
absolute  alcohol,  and  contains  one-half  a  molecular  proportion  of  water 
of  crystallisation  : 

0-2811,  dried  at  100°,  lost  0-0071  H^O  at  120°.     H20  =  2-5. 
0-1016       „      „   120°,  gave  00494  AgBr.     Br  =  20-7. 

(CjgHj()04N,HBr)2,H20  requires  H20  =  2-2  per  cent. 
C^gHjgO^NjHBr  requires  Br  =  20-3  per  cent. 

The  hydriodide  formed  glistening  scales  which  melted  at  280 — 281°; 
it  is  sparingly  soluble  in  water  and  absolute  alcohol,  and  contains 
one  molecule  of  water  of  crystallisation  : 

0-3616  air-dried  salt  lost  0-0139  HgO  at  150°.     H20  =  3-8. 

02264  dried  at  150°  gave  0-1208  Agl.     I  =  288.  " 

CisHig04N,HI,H20  requires  HoO  =  3-9  per  cent. 
C,8HiAN,HI  „        1  =  288 

The  nitrate  was  precipitated  as  a  flocculent  mass  of  glistening 
needles  on  adding  dilute  nitric  acid  to  the  solution  of  the  base  in 
absolute  alcohol;  the  salt  melted  and  decomposed  at  228 — 229°,  and  is 
readily  soluble  in  water  and  sparingly  so  in  absolute  alcohol,  but 
insoluble  in  ether.  It  contains  one-half  a  molecular  proportion  of 
water  of  crystallisation,  and  after  drying  at  100°: 

0-4677  lost  0-0111  HoO  at  120°.     H20  =  2-4. 

01759  gave  0-3626  CO.  and  0-0908  HgO.     C  =  56-2  ;  H  =  5-7. 

0-2015     „     0-4125  CO2    „    01012  HgO.     0  =  558 ;  H  =  5-6. 

(^18^2007^2)2' HgO  requires  H20  =  2-3  ;  0  =  56-1  ;  H  =  5-5  per  cent. 

The  aurichloride  was  obtained  as  a  yellow,  crystalline  precipitate  ;  on 
recrystallisation  from  absolute  alcohol  it  separated  in  imperfect 
crystals    which   melted   and   decomposed   at   254 — 256° ;    the    salt    is 
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almost    insoluble    in    water    and    very    sparingly    soluble    in    boiling 
absolute  alcohol ;  it  is  anhydrous  : 

0-1096  gave  0-0334  Au.     Au  =  30-5. 

CjgHjgO^NjHAuCl^  requires  Au  =  30-2  per  cent. 

The  platinichlori'le  separated  as  a  flocculent,  amorphous  precipitate. 
It  was  recrystalli.sed  from  dilute  hydrochloric  acid  and  melted  and 
decomposed  at  264 — 265°.  The  salt  is  almost  insoluble  in  water  and 
alcohol,  and  contains  1  molecule  of  water  of  crystallisation,  which  is 
lost  at  120°  : 

0-1802  lost  0-0031  H^O.     HoO  =  l-7. 

01771,  dried  at  120°,''gave  0-0329  Pt.     Pt  =  18-6. 

(C^gH^90^N)2,H2PtClg,H20  requires  H20=  1-7  per  cent. 
(C^sH-iANk.HaPtCl^  requires  Pt  =  18-8  per  cent. 

The  picrate  crystallised  from  strong  alcohol  in  matted,  yellow 
needles,  which  turned  brown  at  240°,  and  melted  and  decomposed 
at  265°. 

The  methobromide  was  prepared  in  the  same  way  as  the  lactone 
of  o-carboxyphenylglyceryltropeine  methobromide.  It  separated  from 
absolute  alcohol,  in  which  it  is  sparingly  soluble,  in  matted  needles ; 
it  is  readily  soluble  in  water  : 

0-1168  gave  0-0542  AgBr.     Br  =19-7. 

C^gH^gO^NjCHgBr  requires  Br  «=  19-6  per  cent. 

Homat7'opine  Ethobromide,  C^^H2iOgN,C2H.Br. 

This  salt  was  prepared  by  heating  homatropine  with  excess  of  ethyl 
bromide  in  a  sealed  glass  tube  at  100^  for  one  hour,  and  was  purified 
by  crystallisation  fi-om  absolute  alcohol  ;  it  melted  at  209 — 210°, 
and  is  readily  soluble  in  water  and  moderately  so  in  absolute  alcohol, 
but  insoluble  in  ether  ;  it  is  anhydrous  : 

0-2138  gave  0-1028  AgBr.     Br  =  20-5. 

Cj,;H2^03N,C2H5Br  requires  Br  =  208  per  cent. 

Homatropine  methobromide,  C^gHgj^OgNjCHgBr,  has  already  been 
prepared  by  Merck  (D.K.-P.  145996),  who  gives  the  melting  point 
180 — 181°.  On  repeated  recrystallisation  from  absolute  alcohol,  we 
have  been  able  to  obtain  the  salt  in  a  state  of  greater  purity.  The 
pure  salt  melts  at  192 — 196°,  is  very  readily  soluble  in  water,  and 
moderately  so  in  absolute  alcohol ;  it  is  anhydrous  : 

0-2614  gave  0-1296  AgBr.     Br  =  21-L 

CjgHgiOgNjCHgBr  requires  Br  =  21-6  per  cent. 

Homatropine  MetliosulpJiate,  {0-^J[i^~fi^).^,{(SS..^.^O^. 
This  salt  was  prepared  by  heating  an  alcoholic  solution  of  homatro- 
pine with  dimethyl  sulphate  in  a  sealed  glass   tube   at    100°  for  two 
VOL.   XCI.  H 
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hours.  On  concentrating  the  alcoholic  solution  in  a  vacuous  desic- 
cator over  sulphuric  acid,  a  syrup  was  obtained  from  which  a  small 
quantity  of  crystals  separated.  After  recrystallisation  from  absolute 
alcohol,  the  salt  melted  at  172 — 174°;  it  is  readily  soluble  in  water 
and  moderately  so  in  absolute  alcohol : 
01582  gave  0-0563  BaSO^.     S  =  4-9. 

(C^gH2i03N)2,(CH3)2S04  requires  8  =  47  per  cent. 

Homatropine  Methonitrate,  CjgHg^OgNjCHg'NOg. 

This  salt  was  prepared  by  the  action  of  silver  nitx'ate  on  an  aqueous 
solution  of  homatropine  methobromide.  The  silver  bromide  was 
removed  by  filtration,  and  the  filtrate  evaporated  in  a  vacuum,  first 
on  the  water-bath,  then  in  a  desiccator  over  sulphuric  acid.  It 
separated  as  a  viscid  oil,  Avhich  gradually  solidified,  and  after 
crystallisation  fi'om  absolute  alcohol  melted  at  134 — 135°  : 

01875  gave  0-3963  CO2  and  01183  HgO.     C  =  57-6;  H  =  7-0. 
C^^HgiOgNjCHg-NOa  requires  G-57-9  ;  H  =  6-9  per  cent. 

Tropine  Methonitrate. 
This  was  obtained  in  an  attempt  to  prepare  homatropine  metho- 
nitrate by  heating  together  homatropine  and  methyl  nitrate  in  methyl 
alcoholic  solution  for  two  houi's  in  a  sealed  tube  at  100°.  The  clear 
solution  was  evaporated  in  a  vacuum  over  sulphuric  acid,  and  gave  a 
viscid  oil  from  which  a  small  quantity  of  crystals  separated.  These 
crystallised  from  absolute  alcohol  in  large,  transparent  cubes  which 
began  to  turn  brown  at  280°,  but  did  not  melt  at  300°  : 

0-2198  gave  0-3982  CO2  and  0-1632  HgO.     0  =  494;  H  =  8  3. 
CgHj^ON.CHg-NOg  requires  C  =  49-5  ;  H  =  8-3  per  cent. 
The  Wellcome  Chemical  Works, 
Daeteord,  Kent. 


IX. — A-Hydroxyphthalic    and   A-3Iethoxyphthalic 

Acids. 

By  William  Hexry  Bentley  and  Charles  Weizmann. 

In  connexion  with  some  experiments  which  we  have  conducted  on 
derivatives  of  naphthacenequinone  and  rhodamines,  we  had  occasion  to 
prepare  considerable  quantities  of  4-hydroxyphthalic  acid  which  was 
first  investigated  by  Baeyer  {Ber.,  1877,  10,  1079),  who  prepared  it 
from  4-aminophthalic  acid.  According  to  Baeyer,  the  acid  is  obtained 
quite  pure  by  dissolving  the  sublimed  anhydride  in  water  and  allow- 
ing to  crystallise  ;  he  gives  180°  (about)  as  the  melting  point  of  the 
pure  acid  and  165 — 166°  for  the  anhydride. 
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Graebe  {Ber.,  1885,  18,  1130),  who  prepared  4-hydroxyphthalic  acid 
by  fusing  4-sulphophthalic  acid  with  caustic  soda,  found  180 — 183°  for 
the  melting  point  of  the  acid,  and  his  analysis  shows  more  carbon  and 
hydrogen  than  corresponds  to  hydroxyphthalic  acid,  indicating  at  once 
that  the  material  was  not  pure,  whereas  Baeyer's  analytical  data  for 
the  acid  on  the  contrary  give  no  such  indication. 

In  order  to  prepare  4-hydroxyphthalic  acid,  we  fused  sulphophthalic 
acid  with  caustic  soda  (Graebe,  loc.  cit.  ;  Eee,  Annalen,  1886,  233, 
232),  and  greatly  to  our  surprise  obtained  an  acid  having  all  the 
properties  ascribed  to  4-hydroxyphthalic  acid  and  giving  good  figures  on 
analysis,  but  melting  at  204 — 205°  and  yielding  an  anhydride  melting 
at  171 — 173°,  In  several  subsequent  experiments  we  obtained  an  acid 
melting  at  about  180°,  which,  after  repeated  crystallisations  from  water, 
melted  at  186 — 187°;  the  mother  liquors,  however,  on  concentration 
yielded  the  acid  melting  at  204—205°.  The  acid  melting  at  186—187° 
had  also  the  properties  ascribed  to  4-hydroxyphthalic  acid,  but  analysis, 
as  well  as  the  fact  that  its  anhydride  melted  indefinitely  between 
150°  and  170°  even  after  being  twice  crystallised,  proved  it  to  be 
impure. 

As  we  considered  the  subject  of  considerable  importance  we 
endeavoured  to  discover  the  nature  of  the  impurity  in  the  acid  melting 
at  186 — 187°,  and  with  this  object  pi'epared  the  imide,  anil,  and 
dimethyl  ester  from  each  acid.  These  derivatives  from  the  acid  of 
higher  melting  point  (204 — 205°)  were  easily  obtained  pure,  but  from 
the  other  acid  (m.  p.  186 — 187°)  repeated  crystallisation  was  always 
necessary,  and,  finally,  the  derivatives  obtained  from  each  acid  were 
found  to  be  identical.  Moreover,  the  dimethyl  ester  from  the  acid  of 
lower  melting  point  yielded,  on  hydrolysis  with  alcoholic  potash,  the 
acid  melting  at  the  higher  temperature.  For  some  time  we  were  unable 
to  discover  the  nature  of  the  impurity  in  the  acid  melting  at 
186 — 187°,  but  when  we  endeavoured  to  prepare  pure  4-methoxy- 
phthalic  acid  from  each  acid  the  results  were  so  strikingly  different 
that  the  impurity  in  the  former  was  soon  ascertained.  4-Methoxy- 
phthalic  acid,  prepared  from  hydroxy-acid  of  higher  melting  point,  was 
found  to  melt  at  about  170°  with  the  formation  of  the  anhydride 
melting  at  98—99°  (Schall,  Ber.,  1879,  12,  829,  gives  138—144°  and 
93°  respectively).  When  similar  experiments  were  made  with  the 
acid  of  lower  melting  point,  the  product  first  melted  at  about  140°  (see 
Schall,  loc.  cit.),  and  on  crystallising  from  water  yielded  an  acid  melting 
at  108 — 109°,  which  on  analysis  gave  numbers  agreeing  with  methoxy- 
benzoic  acid,  and  which  yielded  m-hydroxybenzoic  acid  (m.  p.  209°) 
on  fusion  with  caustic  potash.  The  impurity  therefore  in  the  acid  in 
question  and  probably  in  samples  of  crude  4-hydroxyphthalic  acid 
obtained  by  previous    investigators  is  ?7i-hydroxybenzoic    acid.     Sub- 

H   2 
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sequent  experiments  showed  that  when  the  fusion  of  4-sulphophthalic 
acid  with  alkalis  is  prolonged  or  the  temperature  is  too  high,  m-hydroxy- 
benzoic  acid  is  always  produced,  and  the  crude  4-hydroxyphthalic  acid 
then  always  melts  at  about  180°.  When,  however,  the  fusion  is  care- 
fully conducted,  the  formation  of  ??i-hydroxybenzoic  acid  is  avoided, 
and  the  4-hydroxyphthalic  acid  obtained  always  melts  directly  at  about 
200°.  Graebe  and  Ree  {loc.  cit.)  pointed  out  that  ?H-hydroxybenzoic 
acid  is  sometimes  found  mixed  with  tho  hydroxyphthalic  acid  produced 
by  their  fusion  of  sulphophthalic  acid,  but  the  material  which  they 
considered  to  be  pure  4-hydroxyphthalic  acid  must  have  still  contained 
m-hydroxy  ben  zoic  acid. 

Experimental. 
Sulphonation  of  Phthalic  Anhydride. 

In  a  sealed  tube  or  in  the  autoclave,  phthalic  anhydride  is  almost 
quantitatively  sulphonated  by  heating  with  fuming  sulphuric  acid  to 
200°.  In  our  experiments  we  employed  a  copper  autoclave  in  which 
a  poi'celain  pot,  containing  a  mixture  of  phthalic  anhydride  (300 
grams)  and  fuming  (73  per  cent.  SO3)  sulphuric  acid  (500  grams), 
was  placed.  The  autoclave  was  closed  and  heated  to  200°  for  two  to 
three  hours  ;  after  cooling,  the  product,  which  consisted  of  a  viscid 
syrup,  was  poured  into  water  and  neutralised  with  milk  of  lime. 
The  soluble  calcium  salt  was  extracted  with  hot  water  and  converted 
into  the  sodium  salt,  the  solution  of  which  was  then  evapoi'ated  until 
crystallisation  commenced. 

A:-Hydroxyi)Jithalic  Acid. — As  soon  as  the  sodium  salt  of  sulpho- 
phthalic acid  commenced  to  crystallise  it  was  transferred  to  a  large 
nickel  vessel  or  to  the  autoclave,  carefully  mixed  with  powdered  caustic 
soda  (1200  grams)  and  heated  to  175 — 180°  for  three  hours.  The 
fused  mass  was  then  poured  into  a  large  dish,  diluted  with  water,  and 
acidified  with  hydrochloric  acid.  When  the  product  contained 
m-hydroxybenzoic  acid,  this  separated  at  once  as  a  white  precipitate 
while  the  liquid  was  hot,  and  the  filtrate,  on  cooling,  deposited  a 
portion  of  the  4-hydroxyphthalic  acid.  After  separating  the  latter, 
the  liquid  was  extracted  with  ether,  when  a  further  portion  of 
4-hydroxyphthalic  acid  was  obtained.  The  whole  of  the  acid  Avas  then 
purified  by  crystallising  from  water,  when,  if  the  fusion  had  been 
conducted  properly,  it  was  obtained  in  warty  masses  melting  at 
204 — 205°.  If  the  treatment  with  caustic  soda  had  been  too  severe, 
the  acid  which  separated  after  crystallising  from  water  was  found  to 
melt  at  about  180°,  but  by  evaporating  the  mother  liquors  further 
quantities  of  4-hydroxyphthalic  acid  were  obtained  almost  pure  and 
melting  at  about  200°. 
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4-Hydroxyphthalic  acid  is  sparingly  soluble  in  cold  water,  easily  so 
in  the  hot  solvent ;  it  dissolves  readily  in  acetone,  alcohol,  or  ether, 
but  is  almost  insoluble  in  benzene  or  light  petroleum.  It  melts  at 
204 — 205°  with  elimination  of  water  and  formation  of  the  anhydride  : 

0-1410  gave  0-2714  COg  and  00427  H.O.     0  =  52-49;  H  =  3-36. 
CgHgOg  requires  0  =  52-7;  H  =  3-3  per  cent. 

•i-Hydroxyphthalic  Anhydride. — The  foregoing  acid  was  fused  and 
the  heating  continued  until  all  effervescence  had  ceased.  On  crystalli- 
sation from  glacial  acetic  acid,  the  anhydride  separated  in  ill-defined 
needles  melting  at  171 — 173°  : 

01237  gave  0-2644  and  0-0281  HoO.     C  =  58-3  ;  H  =  2-5. 
CgHj^O^  requires  0  =  58-5  ;  11  =  2-4  per  cent. 

It  is  almost  insoluble  in  cold  water  but  readily  soluble  in  the  hot 
solvent^  and  the  solution  on  cooling  deposits  the  free  acid.  It  dissolves 
readily  in  alcohol  or  acetone  ;  in  boiling  toluene  it  is  only  sparingly 
soluble. 

4:- Hydroxy phthalimide. — This  was  prepared  by  heating  the  anhydride 
in  a  stream  of  dry  ammonia  and  crystallising  the  product  from 
alcohol.  It  separates  in  prismatic  needles  melting  at  290°  [Ree  gives 
288—289°  {loc.  cit.)] : 

0-3213  gave  24-5  c.c.  nitrogen  at  20°  and  756  mm.     N  =  8-7. 
OgHjOgN  requires  N  =  8-6  per  cent. 

4i-Hydroxyphthalimide  is  soluble  in  boiling  acetone,  but  only  very 
sparingly  so  in  boiling  toluene. 

i-HydroxijpJithalanilic  Acid,  002H-OyH3(OH)-00-NH-C6H5.— This 
acid  was  prepared  by  dissolving  4-hydroxyphthalic  anhydride  (5-5 
grams)  in  acetone  and  adding  aniline  (3-1  grams).  The  mixture 
became  warm  and,  after  evaporating  the  acetone,  the  residue  was  gi-ound 
to  a  powder  and  extracted  with  cold  aqueous  sodium  carbonate.  From 
the  filtered  solution  the  anilic  acid  was  precipitated  by  the  addition  of 
acetic  acid,  and  purified  by  crystallising  from  alcohol ;  it  separates  in 
pale  yellow  leaves  : 

0-1840  gave  9-1  c.c.  nitrogen  at  17°  and  756  mm.     ]Sr  =  5-7. 
O^^H^^O^N  requires  N  =  5-4  per  cent. 

The  substance  dissolves  in  cold  aqueous  sodium  carbonate  with  a  pale 
yellow  colour  which  disappears  when  the  solution  is  boiled.  This  is 
due  to  hydrolysis  of  the  anilic  acid,  since  the  latter  is  not  precipitated 
from  the  solution  on  acidifying  with  acetic  acid.  The  anilic  acid  appears 
to  melt  at  about  2G0°,  but  it  is  converted  into  the  anil  at  a  much  lower 
temperature,  and  the  melting  point  observed  is  really  that  of  the  latter. 

^-Hydroxyphthalanil,  OgIl3(OH)(CO)2lN'CgH5. — This  substance  was 
prepared  by  heating  the  anilic  acid  until  it  melted  and  then  crystallising 


102  BENTLEY   AND   WEIZMANN  : 

the  residue  from  alcohol,  from  which  the  anil  was  obtained  in  yellow 
leaves  melting  at  263 — 264°: 

02432  gave  12-2  c.c.  nitrogen  at  15°  and  764  mm.     N  =  5-9. 
C^^HgOgN  requires  N  =  5*8  per  cent. 

It  is  almost  insoluble  in  cold  sodium  carbonate  solution,  but 
dissolves  with  hydrolysis  on  boiling.  It  dissolves  in  cold  dilute 
caustic  soda,  giving  a  yellow  solution  which  yields  the  anilic  acid. 
This  can  be  precipitated  with  acetic  acid  and  is  apparently  identical 
with  the  anilic  acid  just  described.  When  dissolved  in  an  excess  of 
cold  aqueous  caustic  soda  the  anil  is  completely  hydrolysed,  the  yellow 
colour  of  the  solution  disappearing  at  the  same  time. 

Methyli-Hydroxrjpht]ialate,C^^{011)(GO^lQ)^. — 4-Hydroxyphthalic 
acid  is  esterified  very  readily  when  treated  with  methyl  alcohol  and 
sulphuric  acid.  The  acid  (30  grams)  was  dissolved  in  methyl  alcohol 
(150  c.c),  mixed  with  concentrated  sulphuric  acid  (100  c.c),  and 
warmed  on  the  water-bath  for  a  few  hours.  The  cold  product  was 
poured  into  ice-cold  water,  the  oil  which  separated  extracted  with 
ether,  and  the  ethereal  extract  washed  with  a  little  sodium  carbonate 
solution,  dried,  and  evaporated.  An  oil  remained  which  soon  solidified, 
and  after  leaving  in  contact  with  porous  porcelain  until  dry  and 
crystallising  from  toluene,  the  methyl  ester  was  obtained  pure  in 
minute  plates  melting  at  107 — 108°  [Ree,  {loc.  cit.),  gives  102°J. 

The  same  substance  was  obtained  from  crude  4-hydroxyphthalic 
acid  (m.  p.  186  — 187°),  but  required  several  crystallisations  before  it 
was  pure.  On  hydrolysis  with  alcoholic  potash  it  then  yielded 
4-hydroxyphtbalic  acid  melting  at  once  at  204 — 205°  (see  p.  100)  : 

0-1 934  gave  0-4022  CO.,  and  0-0844  K.p.     0  =  567;  H  =  4-8. 
CjqHjoO.  requires  0  =  57-1  ;  H  =  4-7  per  cent. 

Methyl  4-hydroxyphthalate  is  readily  soluble  in  alcohol  or  ether, 
sparingly  so  in  cold  water,  but  more  easily  in  the  hot  solvent  or  toluene ; 
it  dissolves  readily  in  cold  aqueous  sodium  carbonate,  from  which 
solution  it  can  be  extracted  by  ether.  Owing  to  this  property,  a 
further  quantity  of  the  dimethyl  ester  was  obtained  when  the  extract, 
obtained  by  shaking  the  ethereal  solution  with  sodium  carbonate  (see 
above),  was  acidified. 

Methyl  i-Methoxyphthalate,  CgH3(OMe)(C0.2Me)2. — Pure  4-hydroxy- 
phthalic [acid  (50  grams)  was  dissolved  in  aqueous  caustic  soda, 
and  dimethyl  sulphate  (200  grams)  added  in  small  portions  at  a  time, 
the  mixture  being  constantly  shaken  and  kept  alkaline.  At  the 
end  of  the  operation  the  product  was  heated  for  a  short  time  on 
the  water-bath,  cooled,  acidified,  and  extracted  with  ether.  The 
ethereal  solution  was  dried,  evaporated,  and  the  residue  dissolved  in 
methyl    alcohol    (250  c.c),  mixed   with   concentrated    sulphuric    acid 
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(160  c.c),  and  heated  a  few  hours  on  the  water-bath.  The  cold 
product  was  then  poured  into  ice-cold  water,  the  oil  which  separated 
extracted  with  ether,  the  ethereal  solution  washed  with  dilute  caustic 
soda,  dried,  and  evaporated,  when  an  oil  remained  which  was  purified 
by  distillation  under  reduced  pressure. 

Methyl  i-viethoxyphthalate  is  an  oil  which  distils  at  195 — •197°/20 
mm.  and  does  not  solidify  at  -  10°  : 

0-1466  gave  0-3144  QO^  and  0-0712  Rf>.     C-58-5  ;  H  =  5-4. 
Cj^Hj.^Og  requires  0  =  58-9  ;  H  =  5-3  per  cent, 

i-Methoxyphthalic  Acid,  CgH3(OMe)(COoH)2. — This  acid  was  prepared 
fi-om  the  foregoing  ester  by  hydrolysis  with  alcoholic  potash  on  the 
water-bath ;  after  diluting  with  water  and  evaporating  until  the 
alcohol  had  been  removed,  the  solution  was  acidified  with  hydro- 
chloric acid,  when  the  acid  was  precipitated.  It  was  collected  and 
purified  by  recrystallising  from  water,  from  which  it  was  obtained  in 
glistening  needles  : 

0-1110  gave  0'2233  CO2  and  0-0411  HoO.     0  =  54-9;  H  =  4-l. 
CgHgOj  requires  0  =  55-1  ;  H  =  4'l  per  cent. 

\-Methoxyphthalic  acid  is  readily  soluble  in  alcohol,  acetone,  or 
ether.  When  rapidly  heated  it  melts  at  about  178°  with  effervescence. 
Slowly  heated,  it  melts  at  about  170°. 

As  stated  in  the  introduction,  when  we  attempted  to  prepare 
Imethoxyphtbalic  acid  from  the  crude  4-hydroxyphthalic  acid 
(m.  p.  186 — 187°)  we  obtained  first  an  acid  melting  at  about  140° 
with  effervescence,  which  on  recrystallising  from  water  melted  at 
108 — 109°,  and  proved  on  examination  to  be  m-methoxybenzoic  acid  : 

0-1137  gave  0-2620  OOg  and  0-0533  H^O.     0  =  628;  H  =  5-2. 
CgHgOg  requires  C  =  63-1 ;  H  =  5-3  per  cent. 

i-Methoxyphlhalic  Anhydride,  OgH3(OMe)(CO)oO. — This  substance 
was  prepared  by  heating  the  corresponding  acid  until  it  melted,  and 
crystallising  the  product  from  glacial  acetic  acid,  from  which  it  separ- 
ated in  glistening  leaflets  melting  at  98—99°  [Schall  {Ber.,  1879, 
12,  829)  gives  93°]  : 

01182  gave  0-2625  CO2  and  00363  H2O.     0  =  60-6  ;  H  =  3-4. 
OgHgO^  requires  0  =  60-7  ;  H  =  3-4  per  cent. 

It  is  readily  soluble  in  alcohol,  acetone  or  warm  benzene  ;  in  cold 
water  it  is  almost  insoluble,  but  melts  in  boiling  water  and  gradually 
passes  into  solution,  from  which  the  free  acid  separates  on  cooling. 

i-Methoxyphthalimide,  OgH3(OMe)(CO)2NH. — This  imide  was  ob- 
tained by  heating  the  anhydride  in  a  stream  of  dry  ammonia  gas  and 
crystallising  the  product  from  alcohol,  when  it  separates  in  prismatic 
plates  melting  at  224—225°  : 
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0171]  gave  11-8  c.c.  nitrogen  at  16°  and  764  mm.     N  =  8  08. 
CpH^OgN  requires  N  =  7-9  per  cent 

It  is  soluble  in  acetone,  sparingly  soluble  in  cold  toluene,  but  more 
readily  so  in  the  boiling  solvent. 

A-Methoxyjyhthalanilic  Acid,  C6H3{OMe)(CO.^H)CO-NB[-CcH5.— In 
order  to  prepare  this  derivative,  the  anhydride  (10  grams)  was  dis- 
solved in  warm  benzene  and  mixed  with  aniline  (4-7  grams).  The 
temperature  of  the  mixture  rose  rapidly,  and  the  anilic  acid  suddenly 
separated  as  a  white,  amorphous  powder,  which,  after  collecting  by 
the  aid  of  the  pump  and  washing  with  benzene,  was  quite  pure  and 
melted  at  148 — 149°  with  effervescence  : 

0-2727  gave  12-2  c.c.  nitrogen  at  17°  and  764  mm.     ]Sr  =  5-2. 
C15HJ3O4N  requires  N  =  5-2. 

It  is  readily  soluble  in  alcohol  or  acetone  and  separates  from  dilute 
alcohol  in  leaflets. 

4:-Methox)/phthalanil,  Cf,H3(OMe)(CO)2lN'*C(.Hj,. — This  was  prepared 
by  heating  the  anilic  acid  at  its  melting  point  until  effervescence  had 
ceased.  On  crystallising  the  residue  from  alcohol,  the  anil  separated 
in  colourless  needles  melting  at  179°  : 

0-2928  gave  13-8  c.c.  nitrogen  at  17°  and  764  mm.     N  =  5-5. 
Cj-H^^OgN  requires  lSr  =  5-5  per  cent. 

4:-Methox;jphthalanil  dissolves  in  hot  dilute  aqueous  caustic  soda, 
from  which  solution  acetic  acid  precipitates  an  anilic  acid.  This, 
when  purified  by  dissolving  in  sodium  carbonate  and  repi-ecipitating 
with  acetic  acid,  melts  at  148 — 149°,  and  is  probablj^  identical  with 
the  anilic  acid  described  above. 

The  University, 

Manchester. 


X. — S-H)jdroxi/phthalic   and    ^-Methoxyiohthalic    Acids 
and  their  Derivatives. 

By   William    Henry    Bentley,    Bona   Bobinson,   and 
Charles  Weizmann. 

During  the  course  of  some  experiments  connected  with  the  synthesis 
of  ???-hemipinic  acid,  it  became  necessary  to  prepare  3-methoxyphthalic 
acid.  This  acid  had  jireviously  been  prepared  by  Jaco.bsen  {Ber., 
188,  16,  1965)  by  the  oxidation  of  6-methoxy-2-toluic  acid  with 
alkaline  permanganate,  but  as  1  : 5-dihydroxynaphthalene  is  now 
comparatively  easy   to   obtain   in   large  quantities,  it  was  considered 
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that   a    simpler   method   of    preparation    of    this    acid   would    be    the 
oxidation  of  the  mono-  or  di-methyl  ether  of  this  substance  : 

MeO  MeO  O:\Ie 


CO,H 
CO2H 


OH  OMe 

Considerable  quantities  of  3-methoxyphthalic  acid  and  its  anhydride 
were  prepared  in  this  manner,  but  the  melting  points  of  these 
substances  were  found  to  differ  so  widely  from  those  given  by 
Jacobsen  (Joe.  cit.)  that  it  was  thought  desirable  to  reinvestigate  the 
whole  subject  and  prepare  some  derivatives  for  the  purpose  of  future 
identification.  The  results  of  this  investigation,  coupled  with  the  fact 
that  Jacobsen  published  no  analytical  data  in  his  paper  {loc.  cit.),  lead 
to  the  presumption  that  Jacobsen  must  have  been  dealing  with  impure 
materials,  unless,  indeed,  the  errors  respecting  the  melting  points  ai"e 
simply  clerical. 

In  order  to  prepare  1  :  5'-dihydroxynaphthalene,  naphthalene  was 
sulphonated  in  the  cold  with  fuming  sulphuric  acid,  and  the  sodium 
salt  of  the  disul phonic  acid  was  fused  with  caustic  soda  at  300°.  The 
1  : 5-dihydroxynaphthalene  obtained  in  this  way  melted  at  265°,  which 
is  a  little  higher  than  the  melting  point  given  in  the  literature. 

1  : 5-Dihydroxynaphthalene  is  readily  methylated  by  means  of 
dimethyl  sulphate  and  caustic  soda,  and  yields  the  mono-  and  di-methyl 
ethers,  which  are  easily  separated  owing  to  the  solubility  of  the  mono- 
methyl  ether  in  aqueous  caustic  soda.  The  dimethyl  ether  melts  at 
183 — 184°,  and,  on  niti-ation  in  acetic  acid  solution,  yields  a  mono- 
nitro-derivative  melting  at  165 — 166°  and  a  dinitro-derivative  melting 
at  270°. 

The  monomethyl  ether  melts  at  140°  and  yields,  on  oxidation  with 
permanganate  in  cold  alkaline  solution,  three  substances,  namely  (1) 
an  acid  of  the  empirical  formula  C^^HgO^  melting  with  decomposition 
above  200°,  (2)  methoxyphthalonic  acid  melting  at  190—191°,  (3) 
3-methoxyphthalic  acid  melting  at  173 — 174°  (Jacobsen  gives  160°) 
with  formation  of  the  anhydride.  3-Methoxyphthalic  anhydride  (but 
not  the  free  acid)  is  also  obtained  by  the  oxidation  of  methoxy- 
phthalonic acid  in  dilute  sulphuric  acid  solution  with  cold  per- 
manganate, the  anhydride  separating  as  a  white  precipitate  during  the 
operation.  This  anhydride  melts  at  160 — 161°  (Jacobsen  gives  87°), 
and  gives  a  fluorescein  when  heated  with  resorcinol.  When  the 
anhydride  is  treated  in  hot  toluene  solution  with  aniline,  the  corre- 
sponding anilic  acid  is  precipitated,  which  melts  at  164°  with  elimina- 
tion of  water  and  foi^mation^f  the  aiiil  (m.  p.  188'5 — 190°). 

Heated  in  a  stream  of  dry  ammonia  gas,  3-methoxyphthalic  anhydr- 
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icle  yields  the  iinide,  which  sublimes  in  pale  yellow  needles  and  melts 
at  221—222°. 

When  methoxyphthalonic  acid  is  heated  with  phenyl  hydrazine,  a 
condensation  product  is  obtained,  probably  corresponding  to  that 
prepared  by  Henriques  {Ber.,  1888,  21,  1608)  from    phthalonic  acid, 

namely,    an   anhydro-hydrazone,    CflH3(0Me)<Cp[-v     ^    '^^NgPh.     It 

forms  yellow  needles  melting  at  186 — 188°. 

Fi'om  3-methoxyphthalic  acid,  Jacobsen  obtained  3-hydroxyphthalic 
acid  by  fusion  with  caustic  potash.  This  acid  had  also  been  pi-epared 
from  the  corresponding  sulphophthalic  acid  (Stokes,  Amer.  Chem.  J. 

1884,  6,  282)  and  from  aminophthalic  acid  (Bernthsen,  Semper,  Ber., 

1885,  18,  167;  1887,  20,  937). 

Prepared  by  Jacobsen's  method,  3-hydroxyphthalic  acid  was  found 
to  melt  at  about  150°  with  formation  of  the  anhydride;  the  latter 
even  after  being  twice  recrystallised  did  not  melt  sharply,  softening  at 
150°,  and  gradually  melting  as  the  thermometer  rose  to  190°. 

Jacobsen  gives  145 — 148°  as  the  melting  point  of  the  anhydride, 
but  remarks  on  the  difficulty  attending  its  purification. 

3-Hydroxyphthalic  anhj^dride,  when  treated  in  hot  toluene  solution 
with  a  molecular  proportion  of  aniline,  gives  the  anilic  acid  melting  at 
145°  with  evolution  of  gas  and  formation  of  ^-hydroxyphthalanil, 
which  crystallises  from  dilute  alcohol  in  short  prisms  and  melts  at 
174—175°. 

Experimental. 

1  :  b-Dihydroxyncqjhthalene. 

This  was  prepared  in  considerable  quantities  by  adding  the  dry 
powdered  sodium  salt  of  naphthalene- 1  : 5-disulphonic  acid  to  two  and 
a  half  times  its  weight  of  fused  caustic  soda  (or  potash)  and  gradually 
raising  the  temperature  to  300°  with  constant  stirring.  The  fused 
mass  was  dissolved  in  water,  acidified  with  hydrochloric  acid,  and  the 

1  : 5-dihydroxynaphthalene    crystallised    from    alcohol.      It    melts    at 

2  65°. 

Methylation  of  1  :  ^-Biliydroxynapliilmlene. — 1  :  5-Dihydroxynaphtha- 
lene  (160  grams)  was  dissolved  in  cavistic  soda  solution,  mixed  with  a 
little  methyl  alcohol,  and  treated  alternately  with  small  quantities  of 
dimethyl  sulphate  and  caustic  soda  solution,  the  whole  being  well 
shaken  and  cooled  during  the  opei-ation.  When  all  the  dimethyl 
sulphate  (250  grams)  had  been  added  and  suflicient  caustic  soda  to 
render  the  liquor  strongly  alkaline,  the  product  was  heated  on  the 
water-bath  for  a  short  time,  and  afterwards  diluted  with  water  and 
filtered.     The  solid  on  the  filter  was  well  washed  with  water,  dried 
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and  recrystalliscd  several  times  from  alcohol,  from  which  it  separated 
in  white  needles  melting  at  183 — 184°. 

A  quicker  method  of  purification  consists  in  distilling  the  crude 
brown  substance  from  a  retort  at  the  ordinary  pressure  and  then 
crystallising  from  alcohol. 

0-1300  gave  0-3654  CO^  and  0-0794  HgO.     C  =  76-66  ;  H=  6-78.       . 
C12H12O2  requires  C  =  76-59  ;  H  =  6-38  per  cent. 

1  :  b-Dimethoxynajyhthalene  is  readily  soluble  in  hot  alcohol  or  glacial 
acetic  acid,  but  only  sparingly  so  in  the  cold  solvents. 

1  :  6-Methoxynaphthol. — The  alkaline  filtrate  from  the  above  solid 
contains  the  monomethyl  ether,  and  in  order  to  isolate  this  the  liquor 
was  acidified  with  hydrochloric  acid,  the  brown  precipitate  collected, 
dried,  and  then  distilled  from  a  retort.  The  distillate  was  crystallised 
from  glacial  acetic  acid,  when  the  1  : 5-methoxynaphthol  separated  in 
leaflets  melting  at  140°. 

01135  gave  0-3171  CO,  and  0-0575  H.O.     C  =  76-21 ;  H  =  5-63. 
Cj^Hjq02  requires  C  =  75-86  ;  H  =  5-75  per  cent. 

Mononitro-l  :  b-dimethoxynaphthalene. — This  was  prepared  by  dis- 
solving 1  : 5-dimethoxynaphthalene  (32  grams)  in  glacial  acetic  acid 
and  gradually  adding  a  mixture  of  nitric  acid  {18-2  grams,  sp.  gr.  142) 
and  acetic  acid,  the  liquid  being  kept  well  stirred  and  cooled  during 
the  addition.  The  product  was  then  heated  on  the  water-bath  until 
all  the  crystals  which  separated  out  in  the  first  instance  had  redissolved. 
On  cooling,  the  nitro-compound  separated,  and  was  collected  and 
crystallised  from  glacial  acetic  acid,  from  which  it  was  obtained  in 
yellow,  rhombic  plates  melting  at  165 — 166°. 

0-1340  gave  7'5  c.c.  nitrogen  at  20°  and  752  mm.     N  =  6-33. 
CjgH^xO^N  requires  ^"  =  6-01  per  cent. 

Xitrodimethoxynaphthalene  is  only  sparingly  soluble  in  acetic  acid  or 
toluene  in  the  cold,  but  more  readily  so  on  warming.  Reduced  with 
zinc  dust  and  acetic  acid  or  with  tin  and  hydrochloric  acid,  it  yields  a 
very  dark-coloured  substance  which  has  the  properties  of  an  amino- 
compound,  but  was  so  difficult  to  purify  that  it  was  not  further 
investigated. 

Dinitro-\  •.o-dimethoxynaphthalene. — This  substance  was  prepared  in 
the  same  manner  as  the  preceding  one,  with  the  exception  that  twice 
the  quantity  of  nitric  acid  was  employed.  Purified  by  repeated 
crystallisation  from  acetone,  it  was  obtained  in  pale  orange-coloured 
prisms  melting  at  275°. 

0-1350  gave  12-2  c.c.  nitrogen  at  20°  and  752  mm.     N  =  10-22. 
^i2-^io^fi-'^2  requires  N  =  10-07  per  cent. 

Dinitro-l  ;  5-diinethoxynaphthalene  is  very  sparingly  soluble  in  the 
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usual  organic  solvents  in  the  cold,  and  dissolves  sparingly  even  in  hot 
acetic  acid  or  toluene,  but  it  is  more  readily  soluble  in  boiling  acetone. 
Like  the  mononitro-derivative,  when  reduced  with  zinc  dust  and  acetic 
acid  it  yields  an  amino-compound,  which,  however,  is  not  easily 
purified,  as  it  rapidly  turns  very  dark  in  the  air. 

^  Oxidation  of  the  Methyl  EtJiers  of  1 :  b-Dihjdroxynaphthalene. — 1 : 5-Di- 
methoxy naphthalene  is  scarcely  attacked  by  cold  alkaline  perman- 
ganate even  after  several  days.  When,  however,  the  mixture  is  boiled 
for  several  hours,  the  permanganate  is  reduced,  and  small  quantities 
of  3-methoxyphthalic  acid  can  ultimately  be  extracted  with  ether 
from  the  acidified  liquor.  The  yield  is  only  small,  and  experiments 
showed  that  it  is  more  adv^antageous  to  oxidise  the  mono-methyl  ether, 
which  is  readily  attacked  by  alkaline  permanganate  in  the  cold. 

1  : 5-Methoxynaphthol  (32  grams)  was  dissolved  in  a  very  dilute 
solution  of  caustic  soda  (7'5  gi-ams),  the  solution  was  cooled  by  the 
addition  of  ice,  and  treated  with  a  solution  of  potassium  permanganate 
until  the  colour  of  the  latter  remained  permanent  for  several  minutes. 
During  the  addition,  the  liquid  was  strongly  agitated  and  a  current  of 
carbon  dioxide  passed  through  it.  At  the  end  of  the  opex\ation,  the 
liquid  was  boiled  and  filtered  from  the  manganese  precipitate  ;  the 
latter  was  extracted  several  times  with  boiling  water  and  filtered. 
The  united  filtrates  were  nearly  neutralised  with  hydrochloric  acid, 
evaporated  to  a  small  bulk  and  acidified,  when  a  small  quantity  of  a 
light  brown  substance  separated  which  was  collected  and  dried.  This 
substance  is  an  acid  which  is  very  insoluble  in  most  organic  solvents  ; 
it  dissolves  in  hot  acetic  acid,  but  does  not  appear  to  crystallise  from 
it.  It  was  purified  by  dissolving  in  sodium  carbonate  and  precipitating 
again  with  acid ;  the  precipitate  was  then  collected,  and  dried  first  on 
porous  plate  and  afterwards  in  a  vacuum  over  sulphuric  acid.  When 
obtained  in  this  way  it  is  a  light  brown  powder  which  melts  above 
200°  appai-entiy  with  decomposition,  and  yields  on  analysis  numbers 
corresponding  to  the  empirical  formula  Cj^H^O^. 

0-0988  gave  0-2324  CO2  and  0-0358  H.O.     C  =  64-15;  H  =  4-02. 

0-1180     „     0-2770  CO.^    „    0-0420  H2b.     C  =  64-01 ;  H  =  3-95. 

Cj^HgO^  requires  C  =  64*70  ;  H  =  3*92  per  cent. 

This  new  acid  forms  soluble  salts  with  the  alkalis  and  the  alkaline 
earths.  The  barium  salt  was  prepared  by  boiling  the  acid  with  vfater 
and  barium  carbonate  for  several  hours,  filtering  and  evaporating  the 
filtrate  to  a  small  bulk,  when  the  barium  salt  separated  in  brown 
plates.     The  salt  was  dried  at  100°. 

0-2165  gave  0-0861  BaSO^.     Ba  =  23-38. 

CgoHj^OgBa  requires  Ba  =  25-23  per  cent. 
C22Hi408Ba  +  2H20        „        Ba  =  23-66 
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The  silver  salt  was  prepared  by  adding  silver  nitrate  to  a  neutral 
solution  of  the  ammonium  salt.  A  brown  fiocculent  precipitate  was 
obtained  which  was  collected,  washed  well  with  hot  water,  dried  on 
porous  plate,  and  finally  at  100°. 

0-3135  gave  0-1014  Ag.     Ag  =  32-34. 

C^^H^O^Ag  requires  Ag  =  34*72  per  cent. 
C^^H^O.Ag  +  H^O        „        Ag=  32-85        „ 

The  analytical  data  of  the  free  acid  and  its  barium  and  silver  salts 
seem  to  point  to  the  conclusion  that  the  latter  are  salts  of  an.  acid  of 
the  empirical  formula  Oj^jH^qO^,  and  that  the  free  acid  C^^HgO^  is  a 
lactone  derivative. 

Henriques  {loc.  cit.),  by  the  oxidation  of  a-naphthol  with  alkaline 
permanganate,  obtained  a  similar  insoluble  acid  corresponding  to  the 
empirical  formula  CjqHjO^,  and  which  formed  an  easily  soluble  barium 
salt,  (CjoHgOJgBa. 

2)-Methoxyj)hthalo7iic  Acid. — After  the  separation  of  the  acid  just 
described,  the  aqueous  liquors  were  extracted  with  ether,  and  the 
ethereal  extract  after  evaporating  deposited  an  oily  acid  from  which, 
when  placed  in  a  desiccator  over  sulphuric  acid,  a  solid  very  gradually 
separated.  This  was  collected  and  purified  by  recrystallisation  from 
a  small  quantity  of  water ;  it  proved  on  analysis  to  be  methoxy- 
phthalonic  acid. 

0-1198  gave  0-2366  CO.3  and  0-0394  H2O.     0  =  53-86;  H  =  3-65. 
CjoHgOg  requires  0  =  53*57  ;  H  =  3*57  per  cent. 

?>-Methoxyphthalonic  acid  is  readily  soluble  in  alcohol,  ether,  or 
water,  and  crystallises  from  the  latter  solvent  extremely  slowly  in 
plates  melting  at  190 — 191°.  Oxidised  with  potassium  permanganate 
in  acid  solution  it  yields  3-methoxyphthalic  anhydride. 

Anhydrophenylhydrazone  of  Methoxyphthalonic  Acid, 

OeH3(OMe)<^[3^1W>N.ph. 

— This  substance  was  prepared  by  boiling  methoxyphthalonic  acid 
in  aqueous  solution  with  phenyl  hydrazine  hydrochloride,  filtering 
from  some  dark-coloured,  oily  substance,  and  evaporaticg  the  filtrate. 
A  yellow  solid  separated,  which  was  purified  by  dissolving  in  alcohol 
and  precipitating  with  ether,  when  it  was  obtained  in  yellow  needles 
melting  at  186—188°. 

0-0802  gave  6*8  c.c.  nitrogen  at  19°  and  762  mm.     N  =  9-77. 
^i6^i2^4-'^2  i"equires  N  =  9-46  per  cent. 

S-Methoxyphthalic  anhydride. — The  oily  mother  liquors  from  which 
the  methoxyphthalonic  acid  had  separated  were  distilled  under  reduced 
pressure  and  yielded  a  solid  distillate  which  was  purified  by  recrystallis- 
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ing  from  toluene,  when  3-methoxyplithalic  anhydride  was  obtained  in 
prisms. 

(1)  0-1326  gave  0-2928  COg  and  0-0424  HgO.     C  =  60-22  ;  H  =  3-56. 

(2)0-1010  „  0-2240  CO2  „  0-0324  HgO.  C  =  60-48  ;  H  =  3-56. 
C^HgO^  requires  C  =  60-67  ;  H  =  337  per  cent. 

S-Methoxyphthalic  aiihydride  melts  at  160 — 161°,  and  when  heated 
with  resorcinol  yields  a  fluorescein.  It  is  almost  insoluble  in  cold 
water,  but  dissolves  somewhat  slowly  in  hot  water,  from  which  after 
long  standing  the  free  acid  separates. 

2>-MethoxyphtJudic  acid. — This  acid  was  prepared  from  the  anhydride 
by  dissolving  the  latter  in  hot  water  and  allowing  the  solution  to 
evaporate  in  a  desiccator  over  sulphuric  acid.  It  separates  in  minute 
prisms  melting  at  173 — 174°  with  evolution  of  gas  and  formation  of 
the  anhydride.     It  is  readily  soluble  in  water,  alcohol  or  ether. 

0-1170  gave  0-2368  CO2  and  0-0438  HoO.     C  =  55-19;  H  =  415. 
CgHgO^  requires  0  =  55*10  ;  H  =  4-08  per  cent. 

The  same  acid  was  also  prepared  from  methoxyphthalonic  acid,  which, 
as  already  stated,  yields,  on  oxidation  in  cold  acid  solution  with  per- 
manganate, 3-methoxyphthalic  anhydride. 

3-Methoxyphthalonic  acid(l  gram)  was  dissolved  in  a  small  quantity 
of  water,  mixed  with  dilute  sulphuric  acid  and  cooled  with  ice  to  0°. 
An  ice-cold  sulution  of  potassium  permanganate  (039  gram)  was  run 
in,  and  after  a  few  minutes  the  permanganate  became  decolorised,  carbon 
dioxide  was  evolved  and  a  white  precipitate  separated.  This  was 
washed  with  a  little  water  and  dried ;  it  then  melted  at  160°,  and  was 
evidently  3-methoxyphthalic  anhydride.  It  dissolved  slowly  in  hot 
water,  from  which  solution  on  long  standing  in  a  desiccator  over  sul- 
phuric acid  crystals  separated  which  melted  at  174^  and  gave  on 
analysis  figures  proving  it  to  be  3-methoxyphthalic  acid. 

0-1122  gave  0-2270  CO2  and  0-0403  H.O.     0  =  55-17;  H=3-99. 
OgHgOj  requires  0  =  55-10  ;  H  =  4-08  per  cent. 

Z-Methoxyphthalimide. — This  substance  was  prepared  by  heating  the 
anhydride  in  a  sti'eam  of  dry  ammonia  gas,  when  it  sublimed  in  pale 
yellow  needles.  Crystallised  from  methyl  alcohol,  it  was  obtained  in 
almost  colourless  needles  melting  at  221 — 222°. 

0-1234  gave  8-5  c.c.  nitrogen  at  18°  and  756  mm.     N  =  7-91. 
OgH^OgN  requires  N  =  7-91  per  cent. 

Z-MethoxyphthalanUic  acid,  OgH3(OMe)(C02H)CO*]SIHPh. — In  order 
to  prepare  this  derivative,  3-methoxyphthalic  anhydride  (1  gram)  was 
dissolved  in  a  small  quantity  of  hot  toluene  and  mixed  with  a  solution 
of  aniline  (0-52  gram)  in  toluene.     A  white  solid  soon  separated  which 
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was  collected  and  recrystallised  f loni  dilute  alcohol,  when  it  separated  in 
colourless  plates  melting  at  164°  with  the  formation  of  the  anil. 

0-1317  gave  6-2  c.c.  nitrogen  at  18°  and  755  mm.     N  =  5-47. 
Cj5H^304N  requires  ISr  =  5*16  per  cent. 

S-Methoxyphthalanil,   CgH3(0Me)<C^p^^NPh. — The  foregoing  anilic 

acid  melts  at  164°  with  the  evolution  of  gas,  then  solidifies  and  only 
melts  again  when  the  temperature  of  the  bath  reaches  180°.  The  pi'oduct 
was  purified  by  recrystallising  from  alcohol,  from  which  it  was  obtained 
in  colourless  plates  melting  at  188'5 — 190°. 

0;1618  gave  7-8  c.c.  nitrogen  at  20°  and  764  mm.     N  =  5-54. 
^'15^11^3-^  requires  N  =  5*53  per  cent. 

3-Hydroxyphthalic  acid. — This  acid  was  prepared  by  fusing 
3-methoxyphthalic  acid  with  caustic  potash. 

The  methoxy-acid  (1  part)  was  added  to  strong  caustic  potash  (10 
parts)  at  120°,  when  the  temperature  of  the  fusion  immediately  rose  to 
200°.  After  a  few  minutes,  the  product  was  dissolved  in  water,  acidified 
strongly  with  hydrochloric  acid  and  extracted  repeatedly  with  ether. 
After  evaporating  the  ether,  an  oily  acid  was  obtained  which  probably 
consisted  of  a  mixture  of  hydroxy-  and  methoxy-phthalic  acids.  In 
order  to  separate  the  hydroxyphthalic  acid,  the  crude  oily  acid  was 
estei'ified  by  warming  on  the  water-bath  with  methyl  alcohol  and 
svilphuric  acid  for  several  hours.  The  cooled  product  was  then  poured 
into  water,  extracted  with  ether,  the  ethereal  solution  washed  first  with 
a  solution  of  sodium  carbonate  and  then  with  dilute  caustic  soda.  The 
latter  extract  was  acidified  and  again  extracted  with  ether,  when,  after 
evaporating,  a  viscous  oil  was  obtained  which  did  not  crystallise  after 
standing  two  days.  This  oil  was  saponified  with  alcoholic  potash  and  the 
resulting  acid  extracted  with  ether.  The  ethereal  extract,  after  the 
removal  of  the  ether,  yielded  again  an  oily  acid,  which,  however,  solidified 
when  placed  in  a  desiccator  over  sulphuric  acid.  The  solid  was  pressed 
on  porous  porcelain  and  reciystallised  from  water,  from  which  it 
separated,  after  long  standing  in  a  dessicator,  in  short  prisms  melting 
indefinitely  at  150°,  gas  being  evolved  at  160°.  As  stated  by  Jacobsen, 
it  yields  a  fluorescein  with  resorcinol  and  gives  a  cherry-red  coloration 
with  ferric  chloride. 

2>-Hydroxyphthalic  Anhydride. — 3-Hydroxyphthalic  acid  readily  loses 
water  even  at  100°  with  the  formation  of  the  anhydride.  In  order 
to  prepai-e  this  substance,  the  acid  was  heated  in  a  sulphuric  acid 
bath  until  it  melted  and  the  evolution  of  gas  had  ceased.  The  residue 
was  recrystallised  twice  from  toluene,  when  the  anhydride  separated 
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partly  amorphous   and    partly   in   minute   needles  which   melted    in- 
definitely between  150°  and  190°. 

01055  gave  0-2258  COg  and  0-0260  HjjO.     C  =  58-30;  H  =  2-73. 
CgH^O^  requires  C  =  58-53  ;  H  =  2-44  per  cent. 

Z-HydroxypJithalanilic  Acid. — This  derivative  was  prepared  in  exactly 
the  same  manner  as  3-methoxyphthalanilic  acid  (p.  110).  It  crystallises 
from  dilute  alcohol  in  long,  slender  needles  melting  at  145°  with 
evolution  of  gas.  Its  alcoholic  solution  gives  a  reddish-brown  color- 
ation with  ferric  chloride. 

2)-Hydroxyphthalanil. — The  anilic  acid  just  described  was  heated 
in  a  sulphuric  acid  bath  to  150°,  and  after  crystallising  the  residue 
from  dilute  alcohol,  the  anil  separated  in  short  prisms  melting  at 
174—175°. 

00962  gave  4-8  c.c.  nitrogen  at  19°  and  762  mm.     ISI  =5-75. 
Cj^Hj^OgN  requires  N  =  5-85  per  cent. 

Like  the  anilic  acid,  the  anil  gives  a  reddish-brown  coloration  with 
ferric  chloride. 

Chemical  Laboratories, 
University  of  Manchester. 


XL — A  Relation  hetiveen  the  Volumes  of  the  Atoms 
of  certain  Organic  Comiwunds  at  the  Melting  Point 
and  their  Valencies.  Interpretation  by  Means  of  the 
Barloiv-Pope  Theory. 

By  Gervaise  Le  Bas,  B.Sc. 

In  October,  1905,  the  author  discovered  that  the  volumes  of  the 
atoms  in  certain  members  of  the  parafiin  hydrocarbon  series  and 
their  derivatives  taken  near  their  melting  points  and  also  in  many 
solid  compounds,  both  organic  and  inorganic,  were  very  nearly  integral 
multiples  of  the  volume  of  combined  hydrogen.  In  many  cases  these 
integral  multiples  coincide  with  the  fundamental  valencies  of  the 
atoms  in  question.  This  i-esult,  independently  of  its  intrinsically 
interesting  character,  is  at  the  present  time  especially  significant  in 
consequence  of  the  ideas  put  forth  by  Barlow  and  Pope  in  their  recent 
important  paper  on  the  correlation  of  molecular  structure  and  crystal- 
line form  (Trans.,  1906,  99, 1  675).  By  regarding  ciystalline  structures 
as  closely-packed  assemblages  built  up  from  the  spheres  of  influence  of 
the  constituent  elements,  these  authors  have  arrived  at  the  conclusion 
that  the  fundamental  valency  of  an  element  is  proportional  within 
narrow  limits  to  the  volumes  of  the  atomic  spheres  of  influence. 

It  follows  from  this  that  a  particular  molecular  complex   may  be 
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regarded  as  one  in  which  the  component  atoms  appropriate  to  them- 
selves portions  of  space  proportional  in  volume  to  their  valency,  but, 
as,  indeed,  Barlow  and  Pope  point  out,  the  absolute  volume,  as  the 
atomic  sphere  of  influence  of  an  element,  is  liable  to  differ  from 
compound  to  compound. 

It  would  seem,  however,  to  follow,  if  no  other  determining  factors 
than  those  promised  by  Barlow  and  Pope  are  operative,  that  the 
indicated  relationship  between  the  valency  and  the  volume  of  the 
atomic  sphere  of  influence  should  be  traceable  throughout  a  whole 
series  of  homologous  substances  such  as  the  normal  parafiins. 

No  obvious  reason  exists  why  the  atomic  sphere  of  influence  of 
carbon  or  hydrogen  should  change  appreciably  in  pa-sing  from  one 
member  to  another  of  such  a  series,  especially  if  the  terms  chosen  lie  so 
high  in  the  series  as  to  have  nearly  the  same  percentage  composition. 

This  aspect  of  the  new  theory  finds  support  from  an  examination 
of  molecular  volumes,  taken  under  the  specified  conditions. 

The  data  are  derived  from  papei's  published  by  Kraff  t  on  the  normal 
paraftins  {Ber.,  1882,  15,  1716)  and  on  the  alcohols  {Ber.,  1883,  16, 
1714).  The  values  quoted  in  the  following  table  are  for  liquid  hydro- 
carbons at  the  melting  point  ;  these  temperatures  are,  as  shown  in  the 
fifth  column  of  the  table,  approximately  equal  fractions  of  the  boiling 
points  on  the  absolute  scale,  and  hence  may  be  considered  as 
approximately  equal  fractions  of  the  critical  temperatures.  The 
molecular  volumes  may  thus  be  regarded  as  determined  under 
corresponding  conditions,  that  is,  under  conditions  such  that  the 
I'epulsive  forces  in  all  cases  have  just  overcome  the  attractive  forces 
which  hold  them  in  their  places  in  the  crystalline  structure. 


Saturated  Xormal  Hydrocarhons,  C,iH2n+o- 


Undecane,  C11H.24   68 

Dodecane,  CjaHog    74 

Tiidecane,  CigHog  80 

Tetiadecaiie,  (J^^Hoo  86 

Peutadecane,  C15H30  92 

Hexadecane,  C]gH34   98 

Heptadecane,  (Jj^Hgg,     ...  104 

Octadecane,  CjgHgg    110 

Nonadecaue,  CigHj^  116 

Eicosaue,  CoflH^, 122 

Heneicosane,  C.21H44    128 

Docosane,  Cg-^H^g    134 

Tricosane,  C23H48    140 

Tetracosane,  C24H50   146 

Heptaco.sane,  C27H5g  164 

Hentriacontane,  C3iHg4...  188 

Doti'iacoutaiie,  CooHgg   ...  194 

Peutatriacontane^  C3gH7.,.  212 

Mean  vahie.s  . . . . 

VOL.    XCI. 


Mol.  Vol 
=  r. 
201  -4 
219-9 
237-3 
255-4 
273-2 
291-2 
309-0 
326-9 
344-7 
362-5 
380-3 
398-3 
416-2 
434-1 
487-4 
558-4 
576-2 
629-5 


Di(f. 
for  CH.,. 


W 


18 
17 
18 
17 
18 
17 
17 
17 
17 
17 
18 
17 
17 
53 
71 
17 
53-3 

17-83 


M.  p./13. 
0-527 
0-536 
0-524 
0  530 
0-520 
0-519 
0-513 
0-512 
0-506 


VI  IF. 
2-962 
2-971 
2-966 
2-970 
2-970 
2-971 
2-971 
2-972 
2-971 
2-971 
2-971 
2-972 
2-971 
2-973 
2-972 
2-970 
2-970 
2-969 
2-970 


X  ;&'=C'alc. 

laol.  voL 
201-96 
219-78 
237-60 
255-42 
273-24 
291-06 
308-88 
326-70 
344-52 
362-34 
380-16 
398-00 
415-80 
433-62 
487-08 
558-36 
576-18 
629-64 
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In  the  table,  W  is  the  valency  number  and  the  quotient  Vj  W  is  the 
molecular  volume  divided  by  the  valency  number,  thus  representing  the 
volume  appropriated  by  one  unit  of  valency  in  the  respective  hydro- 
carbon. The  mean  value  of  the  latter,  namely,  «S'=  2*970,  is  con- 
veniently described  as  the  unit  stere.  It  is  apparent  at  once,  fr-om  the 
constancy  of  the  individual  values  of  <S',  that  the  concept  above  referred 
to,  and  which  is  of  fundamental  importance  in  Barlow  and  Pope's 
theory,  can  be  extended  to  the  statement  that  in  the  series  of  normal 
paraffins  regarded  under  corresponding  conditions  specified  the  spheres 
of  atomic  influence  of  carbon  and  hydrogen  preserve  almost  the  same 
relative  magnitudes  throughout  the  series. 

The  extent  to  which  this  conclusion  is  true  is  measured  by  the 
closeness  of  the  correspondence  between  the  observed  molecular 
volumes  (column  3)  and  the  values,  calculated  as  the  products  of  the 
valency  volume  and  the  mean  value  of  the  unit  stere,  in  the  last 
column. 

The  table  shows  that  the  mean  increment  of  the  molecular  volume 
for  the  homologous  increment  CH,  is  17"83,  a  value  which,  when 
divided  by  the  valency  volume  ir=  6,  for  methylene  gives  2*972  for 
the  value  of  the  unit  stere,  a  number  almost  identical  with  the  mean 
value  of  8  obtained  from  column  6. 

A  more  direct  way  of  calculating  the  value  of  the  unit  or  univalent 
stere  for  hydrogen  is  by  means  of  equations  of  the  following  kind  : 

2^=2Fof  C12H26  -Fof  C24H5S  =5-7.     ,S'=2-85. 

2<S'  =  (Fof  Ci^Hg.^  +  Fof  C,eH34)  -  ^of  C3,H,,  ^  6.     ,S'  =  3. 

The  average  value  of  S  obtained  in  this  way  confirms  that  previously 
found,  namely,  2*970. 

The  volume  of  carbon  is  also  found  directly  as  follows  : 

Fof  C  =  17-83  -  5-94  =  11-89  =  4x2-972  =  4.S'. 

The  conclusion  is  thus  deduced  that  the  molecular  volume  F  (at  the 
melting  point)  of  a  normal  solid  paraffin  of  the  molecular  composition 
CviHon+o  is  given  by  the  foi^mula 

F  =  (6n  +  2)*S'  =  6«.8'  +  2^, 
where  aS"- 2-970. 

Considerations  similar  to  the  above  may  be  applied  to  homologous 
series  of  derivatives  of  the  normal  paraffins,  as,  for  instance,  the  primary 
alcohols.  The  following  table  gives  the  observed  molecular  volumes  of 
several  of  these  compounds  examined  by  Krafft  {loc.  cit). 
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Normal  Alcohols,  CiHgu'OH. 

W.  V.  F/JF.  IFxS. 

Nonylcarbinol,  C]oH„i'OH  64  188-3  2-943  190-08 

Uudecylcarbinol,  Ci,Ho5"0H  76  223-9  2-946  225-72 

Tridecylcai-bmol,  Oj4H29'OH   88  259  8  2-953  261-36 

Peiitadecvlcarbinol,  CigHs^'GH  100  296-0  2-960  297-00 

Heptadecylcaibinol,  CigHs/GH 112  332-3  2-970  332-64 

As  against  the  slight  divergence  of  V/W  irom  the  normal  on  the 
part  of  some  of  these  alcohols,  it  has  been  found  by  a  study  of  the 
ketones  and  fatty  acids,  in  -which  latter  series  the  hydroxyl  group 
appears,  that  a  satisfactory  constancy  is  maintained. 

Thvis,  under  the  stated  conditions,  the  molecular  volumes  of  the 
primary  alcohols  CnH^n+iOH  derived  from  the  normal  paraffins  are 
expressed  by  the  equation 

r  =  {Qn  +  i)S  =  QnS  +  iS'. 

In  a  subsequent  paper,  the  method  of  interpi'etation  here  described 
will  be  applied  to  other  homologous  series  and  also  to  unsatui-ated 
substances. 

It  is  also  the  intention  of  the  author  to  show  that  the  regularities 
observed  by  Schroder  in  his  study  of  solid  compounds  have  underlying 
them  relations  similar  to  those  given  in  this  paper. 

So  far  as  the  carbon  compounds  are  concerned,  it  may  be  stated  that 
Schrodei-'s  value  for  the  stere  is  5-95,  or  double  the  value  which  is  here 
assigned  to  /S,  the  unit  stere. 

Municipal  School  of  Technology, 
Manchester. 


XII. — The  Optical  Influence  of  Contiguity  of 
Unsaturcited  Groups. 

By  Julius  Wilhelm  Bruhl. 

The  following  remarks  have  reference  to  the  striking  physical  pro- 
perties of  certain  terpenes  and  their  dei'ivatives  to  -which  attention  has 
been  called  recently  by  Kay  and  W.  H.  Perkin,  jun.  (Trans.,  1906, 
89,  839)  and  are  made  with  the  object  of  correlating  their  i"esults  Avith 
those  already  obtained  by  myself  and  other  inquirers. 

The  determinations  of  magnetic  i-otatory  power  made  by  Sir  W.  H. 
Perkin  show  that  cZ-limonene  (and  inactive  dipentene)  differs  in  an 
altogether  remarkable  manner  from  A^-^'^'-jo-menthadiene,  the  value 
obtained  for  the  latter  being  ''  abnormally  "  high.     The  difference  is 

I  2 
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ascribed  by  Kay  and  Perkin  to  the  presence  in  the  ^>menthadiene  of 
two  contiguous  ethenoid  linkings.  Now  it  can  be  shown  not  only  that 
this  explanation  is  a  correct  one,  but  also  that  it  could  have  been 
foreseen  with  certainty  that  hydrocarbons  so  constituted  would  exhibit 
properties  such  as  they  are  found  to  possess. 

It  is  a  well  known  fact  that  magnetic  rotatory  power  and  refractive 
and  dispersive  power  are  correlative  properties  ;  relations  which  de- 
monstrably hold  good  between  structure  and  refractive  or  dispersive 
power  must,  therefore,  also  obtain  between  structure  and  magnetic 
rotatory  power.  During  the  past  sixteen  years,  indeed,  I  have  shown 
by  numerous  researches,*  carried  out  with  a  large  body  of  material, 
that  contiguous  unsaturated  groups,  not  only  •CiC'OIC*  but  also 
•CIC'CiO,  ifcc,  always  give  rise  to  a  striking  increase  of  molecular 
refractive  and  still  more  of  molecular  dispersive  power.  I  have  often 
pointed  out  that  the  phenomenon  is  general,  being  observed  not  only 
in  acyclic  but  also  in  the  benzene,  hydrobenzene  and  other  series ; 
moreover,  that  its  existence  affords  a  means,  particularly  in  the  case  of 
terpenes  and  oxyterpenes  (camphors),  of  determining  whether  or  no 
contiguous  unsaturated  groups  are  present  in  a  compound.  Many 
Continental  investigators  have  confirmed  my  conclusions,  especially 
Eykman  (J.  F.  Eykman,  Ber.,  1889,  22,  2736;  1890,  23,  855; 
1892,  25,  3069),  some  of  whose  results  are  included  in  the  following 
table,  comprising  a  •number  of  simple  examples  illustrative  of  the 
property  under  discussion  : 

GHj-GHrCH-CHrCH-CH, /'^JljJ:^:^  29-87    /^'^  -  l\g  30-79  j/j/^    0-92 

VsoDiallyl,  b.  p.  83°. 
CHsrCH-CHa-CH./CHrCHo  ...  ,,  28-90  ,,  29-57         ,,         0-67 

Diallyl,  b.  p'  61°. 
Theory  for  CeHio    -3       ,,  28-89 


CH'CH:CH 


I 

CHo ,,  31-57  ,,  32-57         ,,         1-00 

i 
CH-CH:CH 

Tropilideiie. 
HC_CH 

HC^_\c-CH3 ,,  30-79  ,,  31-63        ,,         0-84 

HC~CH 
Toluene. 
Theory  for  CyHg  [=3        „  30-89 

*  My  first  observations  on  this  subject  arc  to  be  found  in  Zeit.  pliysikal.  Chem., 
1891,  7,  140  ;  my  later  work  has  been  published  partly  in  that  periodical  and  also 
in  the  ./.  pr,  Chem.  and  in  the  BcricMc. 
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HCCH 

CHo-O-c/    '^C-CH:CH-CH,     ( 'Jl^::!]^  il -JO   f'ii-:il')^50-65^1/^-J/,    2-95 
*         \=/  '      \n\  +  2jd  \n-y  +  2jd 

HCCH 

Anethole. 
HC_CH 

CH,-0-c/_\c-CH2-CH:CH2  ,,  45-95  „  47-99         ,,         2-04 

HCTCH 
Methylchavicole. 
Theory  for  C10H12O'  =4       ,,  45-89  ,,  1-75 

CHv.CH-CHO  ,,  16-01  ,,         0-73 

Acrolein. 
Theory  for  C3H4O"  i=i    ,,  15-67  ,,  0-58 

HC  C-OH 

HC^^C-CHO    .,  34-03  ,,         2-68 

HCTCH 
SalicylaldehyJe. 
Theory  for  C-HgO'O"   =3    ,,  32-52  „  1-28 

HC  CH 
HC/^C-CH:CH-CH:CH-C02H     ,,  60-42  „         9-70 

HC  CH 

Cinnamylideneaeetic  acid,  dis- 
solved in  acetone. 

Theory  for  C„HioO'0"  =5    ....  ,,  50-06  ,,         2-04 

These  few  examples,  which  could  easily  be  multiplied  ten-fold,  show 
that  in  every  case  the  compound  in  which  the  unsaturated  groups  are 
contiguous  has  the  greater  molecular  refractive  and  dispersive  power, 
the  experimental  values  in  such  cases  always  exceeding  those  calculated 
in  the  conventional  manner ;  the  differences,  however,  are  not  at  all 
equal ;  they  vary  according  to  the  character  and  number  of  un- 
saturated groups,  being  greatest  and  enormously  in  excess  in  the 
case  of  cinnamylideneaeetic  acid,  in  which  there  are  several  contiguous 
unsaturated  groups. 

It  is  remarkable  that  the  benzene  nucleus  of  toluene,  which  is  a 
system  of  contiguous  ethenoid  linkings,  does  not  behave  optically  as 
though  it  were  thus  constituted,  the  values  it  affords  being  normal,  not 
in  excess  of  those  calculated  (see  table).  Benzene  and  its  homologues 
all  behave  alike  ;  so  do  also  benzene  derivatives  obtained  by  substitut- 
ing univalent  atoms  for  hydrogen  :  for  example,  bromobenzene,  &c. 
What  may  be  the  cause  of  these  seeming  exceptions  1 

In  benzenoid  compounds,  the  closed  ring  consists  of  six  equal  carbon 
atoms  forming  three  equally  situated  ethenoid  groups  which  apparently 
neutralise    one    another.     On  this    account,  such   compounds   cannot 
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exhibit  the  properties,  chemical  or  physical,  of  ordinary  contiguous 
(conjugated)  ethenoid  systems.  As  soon,  however,  as  the  equality  of 
the  six-carbon  atoms  is  destroyed,  the  balance  is  disturbed ;  the  pro- 
perties characteristic  of  contiguous  ethenoid  linkings  then  at  once 
make  their  appearance.  The  disturbance  of  balance  may  be  effected  in 
various  ways. 

One  method  is  to  insert  another  atom  or  radicle  between  two  of  the 
six  carbon  atoms  of  the  benzene  nucleus,  as  in  the  case  of  tropilidene, 
which  is  formed  by  insertion  of  CH^  into  the  benzene  ring  (see 
table). 

A  second  method  of  destroying  the  equality  of  the  carbon  atoms  in 
the  benzene  ring  consists  in  associating  one  or  more  of  these  atoms  with 
an  unsaturated  group,  such  as  C!C,  C!0,  NO^,  NHg,  Ac.  These  groups 
apparently  exercise  a  special  attractive  influence  on  the  nucleus  and 
by  conferring  stability  on  the  carbon  atom  with  which  they  are  com- 
bined disturb  the  balance  within  the  ring.  It  is  easy  to  show  that 
such  special  attractive  influences  are  actually  at  work.  Thus  allyl- 
benzene,  Ph'CHg'CHiCHo,  and  all  its  derivatives  are  labile  compounds 
which  are  easily  convertible  into  propenylbenzene  or  cinnamene, 
Ph'CHICH'CHg,  and  its  derivatives;  the  latter  are  stable  and  not 
reconvertible  into  their  isomerides.  Owing  to  the  special  attractive 
influence  exercised  by  the  ethenoid  group  CIC  of  the  lateral  chain 
upon  the  carbon  atom  of  the  benzene  ring  to  which  the  group  is 
attached,  the  carbon  atom  in  the  benzene  ring  accjuires  a  particular 
quality  and  properties  are  developed  which  are  characteristic  of  com- 
pounds containing  contiguous  ethenoid  linkings  ;  in  fact,  every  known 
cinnamyl  derivative  (a  large  number  have  been  examined)  has  a 
remarkably  high  refractive  and  dispersive  power  in  comparison  with 
that  of  the  isomeric  allylbenzene  derivatives,  none  of  which  gives  an 
abnormal  value.  Anethole,  C^H^(OCH3)*CHICH'CH3,  and  methyl- 
chavicole,  CyH^(O0Il3)*CH2*CHICH2,  are  good  instances  (see  table) 
of  such  differences. 

It  is  to  be  supposed  that  two  or  more  C!C  linkings  are  attached  to 
a  benzene  nucleus  in  naphthalene,  phenanthrene  and  other  condensed 
benzenoid  hydrocarbons ;  these  certainly  are  the  cause  of  the  excep- 
tionally high  refractive  and  dispersive  power  known  to  be  characteristic 
of  such  hydrocarbons. 

The  aldehydes,  acids  and  ethereal  salts  in  which  a  carbonyl  group 
CIO  is  attached  to  a  benzene  ring  show  a  similar  behaviour ;  for 
example,  salicylaldehyde  (see  table),  amino-  and  nitro-benzene  and 
their  derivatives.  In  the  case  of  phthalic  compounds,  in  which  two 
CO  groups  are  attached  to  the  benzene  nucleus,  the  increased  optical 
effect   is  likewise  remarkable.      I  have  a'so  drawn  attention  to  the 
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increased   optical   effect   manifest   in   derivatives   of  anthranilic  acid, 

C,;H^<^^g^^'^,  in  a  special  investigation  (Ber.,  1903,  36,  3640). 

A  third  method  of  destroying  the  equality  in  benzene  consists  in 
either  removing  one  of  the  ethenoid  linkings  from  the  ring  into  the 
side  chain  or  in  dispensing  with  it  altogether ;  by  the  former  process  ; 
toluene,  for  example,  would  be  changed  into  a  compound  having  an 

increased  optical  effect,  <^       \:^CHo  (I) ;  whilst  if  the  latter  process 


were  applied  to  benzene,  one  of  the  isomeric  hydrobenzenes, 


(II)    or    <^      \    (III)j   t,he  prototypes   of   the    terpenes,    would    be 

formed  ;  of  these,  II  would  exercise  a  "normal  "  and  III  an  increased 
optical  effect.  I  have  examined  II  myself  (J.  pr.  Chem.,  1894,  49, 
248)  ;  III  is  unknown.  Auwers  {Ber.,  1906,  39,  3748)  has  recently 
referred  to  the  fact  that  not  only  compounds  of   types  I  and  III  but 

also  those  of  the  fourth  type,  <^  \-CIC  (IV)  all  exhibit  a  remark- 
ably increased  refractive  and  dispersive  power  ;  he,  however,  expressly 
recognises  that  it  was  to  be  expected  from  my  researches  that  com- 
pounds of  these  three  types  would  be  supra-refractive  and  supra- 
dispersive  ;  I  had  indeed  confidently  expressed  the  opinion  to  him 
before  he  had  carried  out  any  of  his  determinations  that  such  Avould 
turn  out  to  be  the  case. 

The  discovery  made  by  Sir  W.  H.  Perkin  that  the  A^^'^'-^>m6n- 
thadienes  (type  IV)  are  more  refractive  and  dispersive  than  limonene, 
in  which  there  are  no  contiguous  ethenoid  linkings,  serves  to  confirm 
the  views  which  I  have  set  forth  in  these  pages.  And  considering  the 
general  correlation  which  exists  between  refractive  and  dispersive 
power  and  magnetic  rotatory  power,  it  was  to  be  foreseen  that 
limonene  would  exhibit  normal  and  the  A3^*^'-/)-menthadienes  an 
increased  magnetic  rotatory  power,  although  the  extent  of  the 
difference  could  not  have  been  predicted. 

There  is  one  other  point  of  interest  on  which  I  may  be  allowed  to 
add  some  remarks. 

Sir  W.  H.  Perkin  has  found  that  the  magnetic  rotatory  power  is 
slightly  higher  (13 '061)  in  the  case  of  optically  active  (Z-A^'^'^'-^j-men- 
thadiene  than  in  that  of  the  inactive  cZZ-compound  (12'939).*  The 
values  found  for  d-  and  Mimonene  and  dipentene  were  much  lower, 
namely,  11-246,  1M62  and  11-315. 

*  In  tlie  compaiisous  made  by  Kay  and  Perkin  (p.  854),  the  same  value  is 
erroneously  given  to  both  compounds. 
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CoujpiU'iug  the  optical  properties  generally  of  the  various  isomerides, 
it  will  be  observed,  on  reference  to  Kay  and  Parkin's  paper,  that  the 
values  all  follow  the  same  order  1)ut  that  the  differences  between 
the  refractive  and  dispersive  powers,  especially  the  latter,  of  d-  and 
c^Z-A-^^'^'-Zf-methadiene  are  remarkably  high  in  comparison  with  those 
between  the  magnetic  rotatory  powers.  These  differences  are  probably 
real,  as  they  exceed  the  ordinary  experimental  errors. 

Unfortunately  the  refractive  and  dispersive  constants  of  d-  and 
Mimonene  were  not  measured  by  Sir  W.  H.  Perkin.  But  judging 
from  former  determinations,  there  is  no  reason  to  suppose  that  appre- 
ciable differences  exist  in  either  refractive  or  dispersive  power  between 
d-  and  /-limonene  and  inactive  dipentene.  The  last  substance  can  be 
obtained  by  simply  mixing  d-  with  Mimonene  and  is  probably  merely 
an  inactive  mixture  of  optical  antipodes.  What  then  can  be  the 
reason  that  cZ-A"^^''^*-menthadiene  and  the  dl-  variety  differ  to  such  an 
extent  in  molecular  refractive  and  still  more  in  molecular  dispersive 
power,  whilst  limonene  and  dipentene  do  not  ? 

I  think  that  it  is  not  improbable  that  c?^-A'^'^''^'-j9-menthadiene  is  not 
a  mere  inactive  mixture  but  a  racemic  compound  of  the  d-  and 
^-antipodes.  It  is  probable  from  Kay  and  Perkin's  observations  that 
<i^A^-tetrahydro-jt;-toluic  acid  is  not  an  inactive  mixture  but  a  racemic 
compound  of  the  d-  and  Z-components ;  it  may  well  be  that  the  hydro- 
carbon prepared  from  it  by  simple  chemical  transformations  is  also 
racemic* 

Of  course,  a  conclusion  of  such  consequence  requires  to  be  con- 
firmed by  further  experiments,  which,  however,  thanks  to  the  progress 
in  synthesis  due  to  the  researches  of  W.  H.  Perkin,  jun.,  and  his 
collaborators,  will  not  offer  great  difficulties. 

Addendum. 

In  the  above  paper  I  mentioned  that  it  was  desirable  to  re- 
determine the  spectrochemical  constants  of  d-  and  Mimonene  and  of 
the  inactive  mixture  of  them  (dipentene).  By  the  kindness  of 
Messrs.  Schimmel  and  Co.,  I  am  now  enabled  to  give  these  constants. 
This  firm  sent  me  d-  and  /-limonene  which  had  been  specially  prepared 
for  me  with  great  care.  cZ-Limonene  was  obtained  from  cumin  oil 
{Garum  carvi),  Mimonene  from  the  oil  of  the  cones  of  the  silver  fir 
{Abies  pectinata).     Both^  terpenes  were  fractionated  until  the  rotation 

*  It  must,  however,  be  mentioned  that  the  f^Miydrocarbon  was  prepared  by 
eliminating  water  from  the  corresponding  alcohol  by  boiling  it  with  potassium 
hydrogen  sulphate.  It  seems  possible  that,  by  this  means,  a  partial  inversion  of  the 
terpene  generated  might  have  taken  place  and  that  the  special  properties  of  this 
fW-terpene  are  perhaps  due  to  such  an  alteration.  This  can  only  be  decided  by  new 
pliysical  determinations  with  a  sample  not  treated  with  iiotassium  hydrogen  sulphate. 
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remained  constant.  It  was,  however,  not  possible  to  obtain  the  two 
limonenes  of  quite  equal  rotatory  power,  that  of  Wimonene  remaining 
a  little  lower.  It  seems,  according  to  the  opinion  of  Messrs,  Schimmel 
and  Co.,  that  Mimonene  is  acconapanied  by  some  other  constituent  not 
separable  by  fractional  distillation.  This  view  was  confirmed  by  the 
fact  that  a  mixture  of  equal  weights  of  t/-limonene  (ajj  + 104^15)  and 
/-limonene  (ai>  — 101°30'),  which  have  the  same  specific  gravities 
{df  =  0-8i02  and  rf^'^^  0  8407),  does  not  display  a  rotatory  power 
equal  to  the  difference  +  104°15' -  101°30' =+ 2°45',  but  that  the 
rotation  was  actually  found  to  be  + 1°29',  the  mixture  having  again 
a  practically  unchanged  specific  gravity  {df^^  =0'8402).  As  there  is 
no  other  method  of  purifying  the  limonenes  except  by  fractional  dis- 
tillation, the  two  samples  prepared  by  Schimmel  and  Co.  were  used 
directly  for  my  purpose.  I  am  obliged  to  my  colleague  Prof.  A. 
Klages  and  Mr.  F.  Sommer  for  making  the  measurements. 

Four  series  of  determinations  were  made  :  (1)  on  cZ-limonene,  (2) 
on  Z-limonene,  (3)  on  a  mixture  of  equal  weights  of  both,  and  (4)  on 
a  mixture  obtained  by  adding  to  cZ-limonene  so  much  of  the  ^-compound 
that  the  deviation  in  the  polarimeter  became  inappreciable. 

Table. 

I,  (Z-Liiuoneue,  b,  p.  (coiT.)  175-5— 1767763  mm "1?'^'=  +104°15' 

II,  Z-Liinouene,  b.  p,  (corr, )  175'5 — 176"57763  mm a^^-'—   -  101"30' 

III.  Mixture  of  equal  weights  of  d-  ami  ^-limoneiie,  b.  p.  (coir.) 

175-5— 176-57763  mm ^]^°-  +     1°^^' 

IV.  Z-Limonene  added  to  (Miinoueue  until  the  mixture  becauie 

iuactive,  b.  p.  (corr.)  175-5 — 176-57763  mm 0-"'=  +     000' 


I, 

II. 

III. 

ly. 


0-840-2 
0-8407 
0-8409 
0-8402 


-< 


I. 

II. 

III. 

IV, 


I. 

II. 

III. 

IV, 

Theory  for  CioH^e  ,= 

VOL.  XCI. 


1-47124 
1-47157 
1-47143 
1-47134 


Ha. 

0-33-28 
0-3328 
0-3327 
0-3329 


45-26 
45-26 
45-24 
45-27 
44-97 


D. 

1-47428 
1-47468 
1-47448 
1-47443 

n'^  - 1 


D. 

0-3347 
0-3347 
0-3345 
0-3348 


D. 

45-51 
45-52 
45-49 
45-53 
45-24 


H|3. 

1-482-23 
1  -48256 
1  -48239 
1-48231 


H,, 

0-3395 
0-3394 
0-3393 
0-3395 


^n^-l\P 


46-17 
46-16 
46-14 
46-17 


46-71 
46-71 
46-68 
46-72 
46-40 


H,. 

1-48886 
1-48924 
1-48904 
1- 


H,. 

0-3434 
0-3434 
0  -3433 
0-3435 


H-y  —  Hi, 

1-45 
1-45 
1-44 
1-45 
1-43 

K 


1^2  DIXON   AND   HAWTHORNE: 

On  reference  to  the  table,  it  is  seen  that  the  agreement  between 
d-  and  ^-limonene  is  so  excellent  that  the  amount  of  hetero- 
geneous constituents  in  Mitnonene  must  be  but  very  small.  There 
is  further  a  very  close  accordance  between  the  theoretical  values 
and  those  observed  for  the  molecular  refraction  and  an  almost 
absolute  agreement  as  regards  molecular  dispersion. 

My  numbers  are  also  in  satisfactory  harmony  with  the  figures  given 
by  Sir  W.  H.  Perkin  for  dipentene ;  mine  are  a  little  higher  for 
molecular  refraction,  and  somewhat  lower  for  molecular  dispersion. 

The  main  result  of  these  determinations  is  the  fact  that  d-  and 
Wimonene  and  their  inactive  mixture  (dipentene)  display,  except  in 
rotatory  power,  almost  absolutely  equal  constants  in  every  respect  :  in 
boiling  point,  specific  gravity,  refractive  indices  for  every  wave-length, 
specific  and  molecular  refractions  and  dispersions  within  the  whole 
visible  spectrum. 

Since  d-  and  cZ^-A^^''"-;;-menthadiene,  prepared  by  Kay  and  Perkin, 
show  i-emarkable  differences  in  these  physical  constants,  it  is  obvious 
that  their  relation  cannot  be  the  same  as  that  of  d-  and  Mimonene  on 
the  one  hand  and  dipentene  on  the  other.  Therefore  dl-^^-^^^^-p- 
menthadione  is  probably  a  racemic  compound — if  the  properties  are 
not  altered  during  its  preparation  (boiling  with  potassium  hydrogen 
sulphate).  At  present  it  seems  more  likely  that  the  difference  in 
the  optical  behaviour  of  this  cZ^compound  is  due  to  racemisation 
and  not  to  chemical  change  (conversion  into  terpenes  of  another 
kind),  as  the  magnetic  rotation  of  d-  and  (i/-A^-'"'-y>menthadiene  dis- 
plays but  slight  differences.  A  decisive  conclusion,  however,  in  this 
very  interesting  question  can  only  be  arrived  at  by  preparing  the 
(i^-compound  avoiding  treatment  with  potassium  hydrogen  sulphate 
and  by  redetermination  of  its  physical  properties. 

Heidelbehg. 


XIII. —  2'he  Action  of  Acid  Chlorides  on  Thioureas. 

By  Augustus  Edward  Dixon  and  John  Hawthokne. 

It  is  well  known  that  alkylogens  can  unite  with  thiourea  and  with 
certain  of  its  derivatives,  in  particular  with  those  where  univalent 
hydrocarbon  radicles  replace  one,  two,  or  three  hydrogen  atoms  of  the 
nitrogenised  groups  in  CS(KH2)2  or  HH:C(SH)-NH2. 

Since,  in  the  products,  the  alkyl,  Pv,  of  the  alkylogen,  EX,  is  com- 
bined with  the  sulphur  atom,  the  change,  where  a  thiourea  is  concerned, 
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may  most  simply  be  explained  by  supposing  the  hydrogen  of  the  group 
to  be  substituted  by  the  alkyl  group,  thus  : 

nh:c(NH2)-sh  +  Rx  =  nh:c(nh^)-sr  +  hx. 

Being  highly  basic,  the  products  retain  the  acid,  HX,  which  is 
eliminated  by  alkali,  leaving  the  free  base  or  pseudothioavesi  isomeric 
with  the  ordinary  thiourea  containing  the  same  radicle. 

Where  union  is  effected  between  an  alkylogen  and  a  thiocarbamide, 
for  example,  PhNH*CS'NH(CyH7),  a  molecular  change  of  the  latter 
may  be  supposed  to  occur  with  formation  of  PhNIC(NH'0r.H7)'SH  (or 
its  tautomeride),  which  then  intei'acts  as  shown  above.     Probably  an 

additive  compound,  such  as  p  -„-  .isjrx^CX^^p,  is  first  formed,  and  a 

hydrogen  atom  then  withdrawn  (as  HX)  from  the  NH  group. 

If  the  sulphur  atom  is  ah-eady  combined  with  a  hydrocarbon  gi^oup, 
the  free  base  (but  not  its  salts)  can  unite  with  the  radicle  of  an 
alkylogen  3  in  this  case  the  radicle  attaches  itself  to  a  nitrogen  atom 
(see,  for  example,  Bertram,  Ber.,  1892,  25,  48). 

Concerning  the  behaviour  of  acylogens  with  thioureas,  our  know- 
ledge is  very  limited.  So  long  ago  as  1875,  Claus  described  [Ber.^ 
1875,  8,  42)  a  molecular  compound  CH^N.^SjCoHgOCi,  obtained  by 
acting  on  thiourea  with  acetyl  chloride  below  40° ;  the  product  is  said 
to  dissolve  unchanged  in  cold  alcohol,  but  to  decompose  when  the 
solution  is  heated,  without  formation  of  acetylthiourea.  Benzoyl 
chloride,  on  the  other  hand,  acts  on  thiourea  to  produce  benzoyl- 
thiourea,  but  only  at  120°  (Pike,  Ber.,  1873,  6,  755).  If,  however, 
acetyl  or  benzoyl  chloride  is  slowly  added  to  a  pyridine  solution  of 
thiocarbanilide,  a  monoacetyl  or  a  dibenzoyl  derivative  is  formed 
(Deninger,  Ber.,  1895,  28,  1322),  in  which,  presumably,  the  acid  group 
is  directly  attached  to  nitrogen. 

More  recently  it  has  been  shown  (Trans.,  1903,  83,  565)  that 
thiourea  unites  very  readily  with  methyl  or  ethyl  chlorocarbonate  to 
form  in  each  case  an  additive  product,  CSN.^H^jRO'COCl,  the  hydro- 
chloride of  a  base,  NH2*C(NH)'S'C0.2E,  and,  moreover,  that  from 
monosubstituted  thioureas  similar  compounds  may  be  obtained ;  in  so 
far  as  these  products  contain  the  acyl  or  oxidised  group  united  with 
the  sulphur,  they  are  strictly  analogous  to  the  alkylogen  derivatives 
already  mentioned.  Furthermore,  it  has  been  shown  (Dixon,  Trans. 
1906,  89,  909)  that  a  similar  combination  occurs  when  thiourea  is 
brought  into  contact  with  phenyl  chlorocarbonate,  PhO'COCl,  there 
being  formed  the  hydi-ochloride  of  a  base,  NH2'C(NH)*S'C0oPh, 
isomeric  with  a  non-basic  carbophenoxythiourea, 
PhO'CO-NH-C(NH)-SH, 
described  in  the  same  paper. 

Cei'tain  differences  are  noticeable  amongst  these  ^seWoderivatives ; 
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for  example,  when  the  radicle,  R,  of  the  group,  CO'OR,  united  with 
the  sulphur  atom,  is  fatty,  the  product  readily  loses  carbon  dioxide, 
and  the  radicle  thereupon  attaches  itself  directly  to  sulphur,  forming 
an  alkyl^jsewcZobase,  NH./C(NH)*S*Il,  whereas  if  this  radicle  is 
aromatic  a  phenol  results,  thus  : 

NH2-C(NH)-S'C02Ph  +  H^O  =  PhOlI  +  COg  +  NH2-C(NH)-SH. 

In  no  case,  however,  where  a  chlorocarbonate  was  united  to 
thiourea  or  to  a  monosubstituted  thiourea  did  the  radicle  CO* OR,  or 
any  part  of  it,  become  attached  to  nitrogen. 

The  group  CHg'CO  is  of  course  more  highly  electronegative  than 
the  group  CHg'O'CO  and  its  congeners  ;  nevertheless,  in  view  of  the 
above  facts,  a  possible  explanation  of  the  phenomenon  observed  by 
Claus  suggests  itself,  namely,  that  acetyl  chloride  may  to  some  extent 
play  the  part  of  an  alkylogen,  its  acetyl  group  becoming  combined 
with  the  sulphur  so  as  to  yield  the  hydrochloride  of  a  j)seudo-  or  basic 
form : 

NH2-C(NH)-SH  +  Cl-CO-CHa  =  NH2-C(NH)-S-C0-CH3,HC1. 

To  throw  light  on  the  subject  and  to  investigate  the  power  of  com- 
bination between  acylogens  and  thioureas  in  general,  the  present 
inquiry  was  commenced.  This  is  still  incomplete,  but  circumstances 
having  now  arisen  which  will  preclude  us  from  continuing  it  jointly, 
we  have  the  honour  to  lay  before  the  Society  an  account  of  the 
principal  results  so  far  attained. 

Acetyl  Chloride  and  Thiourea. 

As  Claus  gives  scarcely  any  description  of  his  compound  (loc.  cit.) 
beyond  the  statement  that  it  is  highly  unstable,  being  decomposed  at 
about  40",  yet  dissolves  unchanged  in  warm  alcohol,  it  was  necessary 
to  re-examine  the  substance. 

AVhen  finely  powdered  thiourea  was  covered  with  acetyl  chloride, 
union  occurred,  with  evolution  of  heat  and  formation  of  a  bulky, 
lustrous,  deliquescent  white  powder,  apparently  crystalline ;  this,  how- 
ever^  was  always  more  or  less  impure,  as  on  determiniog  the  chlorine 
and  sulphur  respectively,  figures  v/ere  obtained  corresponding  to 
mixtures  of  additive  compound  and  thiovirea,  in  which  the  former  was 
present  to  the  extent  of  from  94  to  96  per  cent.  The  only  analytical 
figure  given  by  Claus  (loc.  cit.)  is  that  for  chlorine,  namely,  22  1  per 
cent.,  whilst  CSN^H^jC^HsOCl  requires  Cl  =  22'98  per  cent. ;  from  this 
it  would  appear  probable  that  he  was  dealing  with  a  mixture 
containing  4  per  cent,  of  thiourea  and  96  per  cent,  of  additive 
compound. 

Attempts  to  combine  thiourea,  suspended  in  benzene,  with  acetyl 
chloride   proved    unsuccessful,    but    ultimately  a    pure    product    was 
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obtained  by  adopting  the  following  method.  To  a  nearly  saturated 
solution  of  thiourea  in  warm  acetone,  excess  of  acetyl  chloride,  diluted 
with  the  same  solvent,  was  added  gradually ;  the  precipitate,  consist- 
ing of  minute,  soft,  pearly  plates,  was  collected,  washed  thoroughly 
Avith  acetone,  and  dried,  first  by  exposure  to  warm  air  and  finally  in  a 
vacuum  desiccator.  The  yield  amounted  to  more  than  90  per  cent,  of 
the  theoretical. 

Prepared  in  this  way,  the  compound  was  fairly  stable  ;  it  was  odour- 
less when  dry,  and,  although  deliquescent,  was  not  sufficiently  so  to 
preclude  its  being  weighed  in  an  open  vessel  for  analysis.  When 
heated  in  a  narrow  tube  it  melted  sharply  at  109°  with  copious 
effervescence. 

Chlorine  was  determined  by  fusing  a  weighed  quantity  with  pure 
caustic  soda,  and  subsequently  with  nitre ;  the  product,  dissolved  in 
water,  was  acidified  by  nitric  acid  and  the  mixture  treated  with  excess 
of  iVyiO  silver  nitrate.  After  most  of  the  nitrous  acid  had  been 
expelled  by  boiling,  the  remainder  was  destroyed  by  urea,  and  the 
silver  in  solution  determined  by  Volhardt's  method,  using  ^VIO 
ammonium  thiocyanate.  In  all  the  chlorine  determinations  given 
later,  except  where  it  is  otherwise  stated,  a  similar  method  was 
adopted  : 

0-309  required  19-8  c.c.  lY/lO  silver  nitrate  ;  Cl  =  22'75. 

C3H7ON2CIS  requires  CI  =  22-98  per  cent. 
The  substance  dissolved  very  freely  in  cold  water,  yielding  an  acid 
solution  which  remained  clear  on  treatment  with  iV/10  caustic  alkali, 
of  which  two  equivalents  were  required  for  saturation ;  no  thiocyanate 
was  present  in  the  neutralised  solution  : 

0-1545  required  19-95  c.c,  iVyiO  NaOH;  theory  requires  20  c.c. 
It  was  considerably  less  soluble  in  absolute  alcohol,  the  solution, 
when  warmed  with  sulphuric  acid,  developing  the  odour  of  ethyl 
acetate.  The  aqueous  solution  yielded  with  silver  nitrate  a  white 
precipitate,  blackened  instantly  on  the  addition  of  ammonia,  and  was 
readily  desulphurised  by  heating  with  an  alkaline  solution  of  lead,  with 
formation  of  a  brilliant  mirror  of  galena.  Moreover,  the  aqueous 
solution,  when  evaporated  to  a  small  bulk,  yielded  thiourea,  which 
melted  at  171 — 172°  and  was  identified  by  comparison  with  pure 
thiourea  (m.  p.  171 — 172°)  and  by  the  mixed  melting  point  method. 

The  decomposition  by  water  proceeds,  therefore,  as  shown  by  the 
equation  : 

C3H7ON2CIS  +  H2O  =  HCl  +  CH3-C02H  +  NH2-C(NH)-SH. 
Consistently  with  this,  when  the  aqueous  solution  was  treated  in 
presence  of  dilute  nitric  acid  with  excess  of  iV/10  silver  nitrate,  the 
precipitate  collected,  and  the  residual  silver  determined  by  Volhardt's 
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method,  it  was  found  that  two  molecules  of  silver  salt  were  absorbed 
for  each  molecule  of  hydrochloride  taken ;  of  these  two  molecules,  one 
combined  with  the  hydrochloric  acid  and  the  other  formed  the 
molecular  additive  compound  CSNjH^jAgNO,,,  described  by  Reynolds 
(Trans.,  1892,  61,  251). 

Claus'  observations  were  so  far  confirmed,  that  in  this  decomposition 
by  water  no  sign  was  detected  of  the  formation  of  acetylthiourea ;  in 
other  words,  the  acetyl  group  is  not  combined  with  a  nitrogen  atom. 
Another  experiment,  made  by  treating  one  molecular  proportion  of  the 
hydrochloride,  dissolved  in  anhydrous  alcohol,  with  an  alcoholic  solution 
containing  one  equivalent  of  sodium,  gave  a  similar  resiilt,  sodium 
chloride  being  precipitated,  and  the  filtrate,  by  concentration,  yielding 
crystals  of  ordinai-y  thiourea. 

It  does  not  follow,  however,  that  the  acetyl  chloride  is  held  merely 
by  some  attraction  such  as  that  whereby  water  of  crystallisation  is 
retained  in  certain  compounds,  for  the  fact  that  acetic  acid  as  well 
as  hydrochloric  acid  is  formed  on  hydrolysis  is  equally  consistent 
with  the  view  that  partition  of  the  acetyl  chloride  occurs  when  it 
unites  with  thiourea,  the  chlorine  becoming  associated  with  hydrogen 
and  the  acetyl  group  attaching  itself  to  the  sulphur  atom  to  form 
NH2*C(NH)'S-CO*CH3.  Such  a  compound  is  basic  in  type,  in  the 
same  sense  as  NH2*C(NH)*S'C2H.  and  its  congeners,  and  since  the 
presence  of  an  acetyl  group  in  place  of  the  electropositive  alkyl  must 
greatly  weaken  the  basic  character,  it  is  quite  to  be  expected  that 
combined  hydrogen  chloride,  if  present,  should  exert  towards  alkali 
the  same  acidity  as  if  it  were  free.  In  presence  of  water  the 
combined  acetyl  group  also  dissplays  full  activity,  as  just  shown,  but 
considering  that  this  group  is  eliminated  by  dilute  alkali,  even  when 
united  with,  nitrogen  in  «6-disubstituted  thiocarbamides,  it  was  to  be 
expected  that  it  would  very  readily  be  separated  from  sulphur,  for  which 
element  (as  may  be  noticed  in  the  case  of  thiolacetic  acid)  its  affinity 
is  but  feeble.* 

Moreover,  that  the  acylogen  is  not  held  as  acetyl  chloride  of  crystal- 
lisation seems  probable  from  the  behaviour  of  the  compound  on 
heating,  for  if  at  109°  the  acylogen  simply  passed  off,  thiourea  alone 
should  be  left,  whereas  it  will  be  shown  later  that  this  is  not  the 
case.  Furthermore,  that  hydrogen  chloride  is  held  as  such,  combined 
in  the  molecule,  may  be  inferred  from  the  fact  that  it  is  possible, 

*  Acetylthiourea  parts  verj^  readily  witli  the  acetyl  group.  Tlius,  when  1  mole- 
cule of  the  pure  substance,  dissolved  in  cold  water,  was  mixed  with  excess  (2  mole- 
cules) of  A7IO  alkali,  and  the 'solution  allowed  to  stand  for  a  certain  time  before 
titrating  hack  with  iY/lO  acid,  we  found  that,  after  five  minutes'  standing,  seven- 
tenths  of  1  molecule  of  alkali  had  been  aVsorbed  and,  after  ten  mimxtep,  exactly 
1  molecule. 


THE  ACTION   OF   ACID   CHLORIDES   ON   THIOUREAS.  127 

as  shown  in  the  following  experiment,   to  replace  it  by  a  different 
acid. 

To  a  concentrated  aqueous  solution  of  the  acetyl  compound,  slight 
excess  of  a  saturated  aqueous  solution  of  picric  acid  was  slowly  added  ; 
the  resultant  precipitate  of  minute,  yellow,  interlacing  needles,  when 
thoroughly  washed  with  water  and  dried,  melted  sharply  at  120°.  Since 
the  origJDal  compound  is  somewhat  readily  dissociated  by  water,  with 
formation  of  thiourea  (which  gives  no  picrate),  and  the  picrate  itself 
does  not  escape  hydrolysis,  a  poor  yield  was  obtained.  The  product 
was  free  from  chlorine ;  its  aqueous  solution,  when  treated  with  silver 
niti'ate  followed  by  ammonia,  gave  a  black  precipitate,  and  was  readily 
desulphurised  by  heating  with  an  alkaline  solution  of  lead.  That  the 
acetyl  group  still  remained  in  combination  was  shown  by  dissolving 
a  portion  in  alcohol,  acidifying  with  sulphuric  acid,  and  warming,  wheu 
the  odour  of  ethyl  acetate  became  distinct : 

0-347  gave  0-2354  BaSO^.     S  =  9-3. 

0-3292    „    56-8  c.c.  moist  nitrogen  at  14°  and  753  mm.     N  =  20-2. 
C9H9O9N5S  requires  S  =  9-22  ;  N  =  20-17  per  cent. 

Now,  a  solution  of  acetylthiourea  in  water  yields  no  picrate  with 
aqueous  picric  acid,  it  is  somewhat  sparingly  soluble  in  cold  water, 
and  does  not  dissolve  more  i-eadily  in  cold  dilute  hydrochloric  acid ; 
when  picric  acid  is  added  to  the  solution  in  the  latter,  no  precipitate 
is  formed  unless  the  hydrochloric  acid  is  sufficiently  concentrated,  in 
which  case  picric  acid  itself  crystallises  out. 

Accordingly,  the  above  substance  is  the  picrate  of  an  acetyl-i/'-thio- 
urea,  NH2'C(NH)'S'CO*CIl3,  isomeric  with  the  compound  melting  at 
165°,  obtained  by  Nencki  {Ber.,  1873,  6,  599)  from  thiourea  and 
acetic  anhydride,  and  by  Doran  (Trans.,  1905,  87,  341)  from  acetyl- 
thiocarbimide  and  ammonia. 

Action  of  Heat. — A  quantity  was  melted  in  a  test  tube  immersed  in 
a  bath  of  sulphuric  acid,  the  temperature  of  which  was  kept  between 
110°  and  115°.  The  liquid  bubbled  freely,  fumes  of  hydrogen  chloride 
being  evolved  together  with  an  odour  recalling  that  of  thioacetic  acid  ; 
it  then  became  brown,  and  soon  began  to  solidify.  After  some 
twenty  minutes  the  effervescence  had  almost  ceased,  when  the  now 
solid  residue  was  withdrawn  from  the  bath  and  twice  crystallised  from 
boiling  water,  being  obtained  in  small,  white  needles  free  from 
chlorine  and  melting  at  166°  (corr.).  It  gave  the  usual  thiocarbamidic 
reaction  (desulphurisation)  with  hot  alkaline  solution  of  lead,  and 
when  heated  with  alcohol  and  dilute  sulphuric  acid  developed  the 
odour  of  ethyl  acetate.  A  specimen  of  pure  acetylthiourea,  attached 
to  the  same  thermometer,  melted  at  the  same  temperature,  and  when 
approximately  equal  weights  of  the  two  substances  were  mixed,  the 
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melting   point  of  the  mixture   was   found   to   be   unchanged ;    conse- 
quently the  product  was  acetylthiourea. 

From  the  results  of  these  various  observations,  we  conclude  that  in 
the  additive  compound  of  acetyl  chloride  with  thiourea  the  acetyl 
group  is  united  directly  to  sulphur,  the  resultant  molecule  being  basic, 
not  alone  in  type,  but  also  to  some  extent  in  character,  and  that 
when  heat  is  applied  the  acetyl  group  migrates  to  a  nitrogen  atom  so 
as  to  yield  ordinary  acetylthiourea  : 

NH2-C(NH)-S-C0Me,HCl  =  HCl  +  NH:C(NH-COMe)-SH. 

It  may  be  that  this  transference  of  the  group  named  occurs  as  the 
primary  effect  of  heat,  in  Avhich  case  the  resultant  acetylthiourea, 
being  for  all  purposes  non-basic,  could  not  retain  the  hydrogen 
chloride  previously  held  by  the  molecule  of  more  basic  configuration 
and  character  ;  or  possibly  the  hydrogen  chloride,  being  feebly  held 
by  so  weak  a  base,  is  parted  readily  fi'om  it  by  increase  of  temperature  ; 
if  so,  the  Avandering  of  the  acetyl  group  from  sulphur  to  nitrogen, 
for  which  it  has  much  more  affinity,  might  occur  readily  enough. 

At  present  it  is  not  easy  to  decide  between  these  hypotheses,  but  in 
view  of  the  observation  previously  mentioned,  that  withdrawal  of  the 
combined  hydrogen  chloride  by  means  of  a  single  equivalent  of 
sodium  ethoxide  fails  to  produce  acetylthiourea,  there  is  at  least  some 
ground  for  believing  that  in  this  case  the  transfer  of  the  acetyl  group 
from  sulphur  to  nitrogen  is  not  conditioned  independently  of  tempera- 
ture. 

The  mechanism  of  this  additive  change  being  so  far  explained,  we 
may  now  describe  the  results  of  experiments  made  with  other  thio- 
ureas and  acylogens. 

Acetyl  Chloride  a7id  Phenyl  thiourea. 

On  mixing  fineh'-divided  phenylthiourea,  suspended  in  benzene, 
with  excess  of  acetyl  chloride,  union  occurred  immediately  without 
material  rise  of  temperature,  the  product,  the  yield  of  which  amounted 
to  93  per  cent,  of  the  theoretical  for  a  molecvilar  additive  compound, 
being  apparently  crystalline.  The  same  compound,  but  in  a  state  of 
higher  purity,  was  obtained  by  adding  considerable  excess  of  acetyl 
chloride  to  a  tepid,  concentrated  solution  of  the  thiourea  in  acetone.  On 
cooling  this  mixture,  lustrous,  white,  flattened  prisms  were  deposited  ; 
these  were  colourless  when  dry,  and  melted,  if  quickly  heated,  at  94° 
with  copious  effervescence.  The  melting  point  is  dependent  on  the 
duration  of  heating,  becoming  markedly  lower  if  this  is  prolonged  : 

0-2305  gave  0-2345  BaSO^,     S  =  14-0. 

0-2305  required  10-2  c.c.  iVyiO  AgNOg.     CI  =  15-7. 

CgHjjONgClS  requires  S=  13-88  ;  CI  =  15-40  per  cent. 
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When  treated  with  sulphuric  acid  the  solid  additive  compound 
effervesced,  evolving  fumes  of  hydrogen  chloride.  It  was  freely 
soluble  in  cold  water,  yielding  an  acid  solution,  from  which,  if  not  too 
dilute,  prismatic  crystals  of  phenylthiourea  separated  ;  in  the  aqueous 
mother  liquor  both  hydrochloric  and  acetic  acids  were  present,  but  no 
thiocyanic  acid. 

It  is  plain  that  in  the  additive  compound  the  acetyl  group  is  not 
directly  associated  with  nitrogen ;  otherwise  acetylphenylthiocarb- 
amide  (either  aa-  or  ab-)  must  be  produced  by  hydrolysis  on  contact 
with  water.  The  possibility  of  acetyl  chloride  being  held  in  some  sort 
of  mechanical  combination  was  negatived,  just  as  in  the  case  of  the 
corresponding  thiourea  derivative,  by  the  observation  that  the  hydro- 
chloric acid  may  be  eliminated  and  a  picrate  of  the  "  base  "  may  l^e 
obtained. 

Owing  to  the  ready  dissociation  of  the  original  compound  by  water, 
its  aqueous  solution  must  be  combined  quickly  with  the  picric  acid ; 
otherwise  little  or  no  picrate  is  formed  ;  moreover,  the  picrate  itself, 
although  tolerably  stable  when  once  obtained,  is  dissociated  by  much 
water  if  this  is  present  when  combination  takes  place.  The  picrate 
was  obtained  in  minute,  lemon-yellow  needles,  becoming  highly 
electrical  on  friction ;  they  were  free  from  chlorine,  almost  insoluble 
in  cold  water  (but  dissociated  by  boiling  with  it),  and  melted  to  a 
deep  bromine-coloured  liquid  at  187 — 188°,  with  previous  darkening. 
The  substance  was  decomposed  by  warming  with  caustic  potash,  and 
hence  was  desulphuri.sed  when  heated  with  an  alkaline  solution  of  lead  : 

0-4113  absorbed  19-8  c.c.  lY/lO  barium  chloride.     8  =  7-7. 
C^gHjgOgNgS  requires  S  =  7-56  per  cent. 

Ordinary  substituted  thioureas  and  thiocarbamides  (that  is,  those 
in  which  the  substituting  radicles  are  attached  to  nitrogen)  do  not 
yield  picrates  readily,  if  at  all.  Thus,  when  a&-acetylphenylthiocarb- 
amide,  dissolved  in  acetone,  was  treated  with  an  aqueous  solution  of 
picric  acid,  brilliant  plates  were  deposited  ;  these,  however,  became 
pearly  white  on  washing,  and  proved  on  examination  to  be  nothing 
more  than  the  unaltered  thiocarbamide,  precipitated  by  the  water 
used  as  solvent.  Neither  was  it  found  possible  to  combine  picric  acid 
with  a«-acetylphenylthiocarbamide,  AcPhN'CS'NHj,  dissolved  in 
alcohol,  acetone,  or  water.  In  a  further  experiment,  made  by  leading 
a  large  excess  of  dry  hydrogen  chloride  through  a  nearly  saturated 
solution  of  the  «a-compouDd  in  cold  acetone,  no  hydrochloride  was  pre- 
cipitated, nor,  after  evaporating  the  solution  to  a  pasty  consistence 
and  removing  some  oily  product  (having  an  odour  of  mercaptan)  by 
washing  slightly  with  alcohol,  did  the  solid  residue  contain  any 
chlorine  ;  it  consisted,  in  fact,  of  the  original  thiocarbamide,  nearly  pure. 
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Phenylthiourea,  in  water  or  alcohol,  gave  no  picrate  ;  moreover, 
when  dry  hydrogen  chloride  was  led  through  its  solution  in  acetone, 
no  solid  was  produced ;  instead,  hydrogen  sulphide  escaped,  and  the 
residual  liquid  had  a  strong  odour  of  mercaptan.  So  far  as  may  be 
judged  from  these  experiments,  it  seems  a  justifiable  conclusion  that 
mono-  and  di-substituted  thioureas  or  thiocarbamides  are  almost  devoid 
of  basic  characters,  but  that  a  molecule  having  the  configuration 
NH.C(8H)'NH2  becomes  basic  when  an  organic  radicle  is  substituted 
for  the  SH  hydrogen,  and  does  so  independently  of  whether  the  sub- 
stituting radicle  is  itself  electropositive  or  electronegative,  this 
character  affecting  merely  the  strength  of  the  resultant  base. 

For  the  various  reasons  set  forth  above,  we  infer  that  the  additive 
product  of  acetyl  chloride  and  phenylthiourea  is  a  definite  chemical 
compound,  namely,  the  hydrochloride  of  an  acetylated  phenylthiourea, 
in  which  the  acetyl  group  is  joined  to  the  rest  of  the  molecule  through 
the  sulphur  atom;  otherwise,  iminoacetylthiolphenylcarbamic  acid,  or, 
according  to  the  nomenclature  suggested  by  one  of  us  (Trans.,  1895, 
67,  564),  acetyl-^-v-phenylthiourea,  C6H5NH-C(NH)-S-CO-CH3. 
This  represents  a  typical  basic  form  or  ;:)sewc/othiourea,  analogous  to 
the  known  derivatives,  having  distinctly  positive  radicles  attached  to 
the  sulphur  atom.  As  a  rule,  members  of  the  latter  class  are  hydro- 
lysed  more  or  less  readily  by  alkali,  that  is,  as  soon  as  the  combined 
acid  is  withdrawn,  but  in  such  cases  the  sulphur  atom  passes  off  in 
combination  with  the  alkyl  group  as  mercaptan. 

Action  of  Heat. — A  quantity  of  the  hydrochloride  contained  in  a  test- 
tube  immersed  in  a  bath  of  sulphuric  acid  was  heated  slightly  above 
its  melting  point  until  the  effervescence  (due  principally  to  the  escape 
of  hydrogen  chloride)  ceased ;  the  liquid,  which  had  an  odour  of  thio- 
acetic  acid,  now  gradually  solidified,  and  the  residue,  on  ci^ystallisation 
from  boiling  water,  separated  in  glistening  leaves  melting  at  170 — 171° 
and  consisting  of  ai-acetylphenylthiocarbamide.  Heat,  therefore,  just 
as  in  the  case  of  the  corresponding  thiourea  derivative,  brings  about  a 
movement  of  the  acetyl  group  from  the  sulphur  to  one  of  the  nitrogen 
atoms,  whilst  the  molecule  changes  in  configuration  from  the  imino- 
thiocarbamic  to  the  thioearbamidic  foi-m. 

Action  of  Alkali. — Attempts  to  neutralise  the  dilute  aqueous  solu- 
tion with  standard  alkali  failed  to  give  concordant  results  owing  to  the 
difliculty  of  attaining  a  definite  end  point ;  it  was  noticed,  however, 
that  if  the  alkali  was  run  in  quickly,  before  phenylthiourea  had  time  to 
separate  from  the  aqueous  solution,  and  the  now  turbid  mixture  was 
cleared  by  warming,  the  liquid,  as  it  cooled,  deposited  first  brilliant 
plates  and  then  phenylthiourea  in  needles  or  prisms.  When  the  solid 
was  added  directly  to  a  slight  excess  (about  2  molecules)  of  37 10 
alkali  and  the  mixture  waimed  until  it  became  clear,  the  solution,  on 
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cooling,  deposited  only  the  brilliant  spangles ;  these  were  devoid  of 
bitter  taste  and  consisted  of  a6-acetylphenylthiocarbamide  (m.  p. 
170—171°). 

This  transfer  of  the  acetyl  group  to  nitrogen  seems  to  take  place  only 
with  the  ready  formed  hydrochloride,  for  when  phenylthiourea  was 
crystallised  from  solutions  containing  sodium  acetate  and  chloride,  or 
acetic  and  hydrochloric  acids,  or  from  the  latter  mixture  after  neutral  - 
isation  by  alkali,  no  sign  could  be  detected  of  the  production  of 
«5-acetylphenylthiocarbamide.  Moreover,  when  phenylthiourea,  dis- 
solved in  weak  caustic  alkali  (2  molecules),  was  treated  with  excess  of 
acetyl  chloride,  the  solution,  on  cooling,  deposited  nothing  but  un- 
changed phenylthioui-ea. 

The  symmetricdl  or  a6-thiocarbamide,  then,  is  formed  on  removal  of 
the  combined  hydrogen  chloride,  whether  this  be  effected  by  heat  or  by 
the  action  of  caustic  alkali  in  excess. 

That  a  transfer  of  the  acyl  radicle  from  sulphur  to  nitrogen  should 
take  place  under  the  influence  of  heat  is  not  surprising,  a  number  of 
cases  having  now  been  observed  of  the  movement  of  an  acid  group 
from  one  nitrogen  atom  to  another  within  the  thiourea  molecule.  Thus, 
for  instance,  Wheeler  has  shown  [Avier,  Chem.  J.,  1902,  27,  270)  that 
aa-acetylphenylthiocarbamide,  AcPhN'CS'NH^  (compare  Hugershoff, 
Ber.,  1899,  32,  3649),  is  changed  by  fusion  into  the  a6-compound, 
AcNH-CS-NHPh,  and  Johnson  and  Jamieson  {ihid.,  1906,  35,  297), 
that  various  acyl-i/^-thioureas,  for  example,  Bz2N*C(SMe)!iS'H,  undergo 
a  like  change,  one  acyl  group  moving  from  its  original  attachment  in 
the  amino-position  and  becoming  united  at  the  imino-group.  In  the 
case  of  our  acylphenyl  derivative,  heat  appears  to  determine  that 
change  whereby  the  most  stable  configuration  is  produced. 

On  the  other  hand,  that  the  presence  of  dilute  caustic  alkali  should 
lead  under  such  mild  conditions  to  the  same  ultimate  result  was  both 
unexpected  and  puzzling.  Water,  as  previously  stated,  removes  the 
acetyl  group  from  the  hydrochloride,  thereby  producing  phenylthiourea  ; 
and  since  phenylthiourea,  in  contact  with  alkali,  resists  acetylation  by 
acetyl  chloride,  the  final  change,  however  accomplished,  could  scarcely 
be  accounted  for  by  initial  hydi'olysis  of  the  additive  compound  into 
its  original  constituents.  Presumably,  therefore,  the  formation  of 
«6-acetylphenylthiocarbamide  must  be  explained  either  by  some  change 
occurring  in  the  i/^-base  itself,  when  liberated  from  its  hydrochloride, 
or  else  thi'ough  some  influence  exerted  on  the  former  by  the  alkali. 

This  could  obviously  be  tested  by  removing  the  combined  hydro- 
chloric acid  under  conditions  such  as  to  preclude  the  resultant  organic 
product  from  exposure  to  the  action  of  free  alkali,  and  noting  if  the 
product  was  still  the  same. 

The   first  experiment   in    this  direction  was   conducted  by  adding 
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gradually  to  a  .solution  of  the  hydrochloride  (1  molecule)  in  nearly 
anhydrous  alcohol,  one  equivalent  of  sodium  previously  dissolved  in  a 
separate  portion  of  the  same  solvent,  any  material  rise  of  temperature 
being  prevented.  The  precipitate  of  sodium  chloride  was  separated, 
and  the  clear,  strongly  acid  filtrate  allowed  to  evaporate  spontaneously  ; 
this  liquid  gave  no  reaction  for  thiocyanic  acid,  thereby  differing  from 
solutions  which  had  been  treated  with  alkali  to  neutrality  or  in  excess. 
On  concentration,  white  crystals  were  deposited,  free  from  chlorine, 
somewhat  sparingly  soluble  in  water,  and  containing  both  thiocarb- 
amidic  sulphur  and  the  acetyl  group.  Our  hope  that  dissociation  of  the 
original  compound  would  be  avoided  by  the  use  of  strong  (99  per  cent.) 
alcohol  instead  of  water  was  not  realised,  for  the  product  melted  very 
indistinctly  at  129 — 132°  and  had  a  bitter  taste,  which  proved  to  be 
due  to  its  containing  a  very  appreciable  quantity  of  phenylthiourea. 
By  means  of  cold  chloroform,  in  which  it  is  almost  insoluble,  the  latter 
was  separated  ;  the  chloroform  was  then  evaporated,  and  the  residue, 
when  crystallised  from  dilute  alcohol,  obtained  in  long,  pointed  prisms, 
melting,  if  rapidly  heated,  at  139°  The  alcoholic  solution  darkened 
gradually  when  mixed  with  neutral  silver  nitrate  or  at  once  on  treat- 
ment with  the  ammoniacal  nitrate  ;  desulphurisation  occurred  readily 
on  boiling  with  an  alkaline  solution  of  lead.  The  presence  of  an 
acetyl  group  was  proved  by  warming  the  substance  with  alcohol 
and  sulphuric  acid,  when  the  odour  of  ethyl  acetate  became  distinct. 

In  the  second  experiment,  the  hydrochloride,  dissolved  as  before  in 
strong  alcohol,  was  treated  with  pure,  dry  calcium  carbonate ;  when 
the  effervescence  had  ceased,  the  unattacked  carbonate  was  removed  by 
filtration,  and  on  evaporating  the  filtrate  to  a  small  bulk  at  the  atmo- 
spheric temperature,  precisely  the  same  results  were  obtained  as  when 
the  hydrochloric  acid  was  eliminated  by  means  of  sodium  ethoxide, 
the  purified  end  product  resembling  in  every  respect  the  substance 
melting  at  139°  previously  described. 

A  sulphur  determination  gave  the  figures  required  for  the  free 
"base,"  PhNH-C(NH)-S-C0-CH3.  or  for  its  isomeride,  a6-acetyl- 
phenylthiocarbamide,  PhNH-CS-NH-C0-CH3  : 

0-194  absorbed  20-1  c.c.  i\710  barium  chloride.     S  =  16-6. 
CqH^qON^S  reqviires  S  =  16"50  per  cent. 

This  substance,  however,  could  not  be  a&acetylphenylthiocarbamide, 
which  crystallises  in  brilliant  leaves  melting  at  170 — 171°,  neither,  on 
account  of  its  comparatively  high  melting  point,  could  it  well  be  the 
"  base  "  formulated  above,  since  a  compound  having  the  structure  of 
the  latter  might  be  expected  to  melt  at  about  50°.  But  as  the  phenyl 
group  is  undoubtedly  attached  to  nitrogen,  the  only  remaining 
isomeride  proper  to  this  series  is  a  thiourea  or  thiocarbamide  having 
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both  the  phenyl  group  and  the  acetyl  group  attached  to  the  same  nitro- 
gen atom,  that  is,  assuming  the  compound  to  be  a  thiocarbamide, 
AcPhN-CS-NHg. 

That  the  substance  in  question  had  this  composion  was  made  certain 
by  the  following  observations:  (1)  when  heated  at  or  slightly  above 
its  melting  point  it  presently  resolidified,  being  converted  by  the  fusion 
into  the  isomeric  a6-acetylphenylthiocarbamide ;  (2)  when  dissolved  in 
weak  aqueous  caustic  alkali  it  yielded  the  last-named  symmeti'ical 
compound ;  (3)  when  treated  with  strong  alkali  the  acidified  mixture 
gave  an  intense  reaction  for  thiocyanic  acid.  These  are  the  properties 
of  the  substance  obtained  by  Hugershofl:  {loc.  cit.)  by  dissolving  phenyl- 
thiourea  in  acetic  anhydride  at  80°  ;  to  this  he  incorrectly  assigned  the 
symmetrical  or  aS-formula,  an  error  subsequently  corrected  by  Wheeler 
{loc.  cit.),  who  placed  beyond  doubt  the  fact  of  its  being  an  ««-deriv- 
ative.  The  chemical  identity  of  our  product  with  that  of  Hugershoff 
was  further  established  by  the  observation  that  a  specimen  of  his  com- 
pound, prepared  according  to  his  directions,  melted,  within  a  degree, 
at  the  same  temperature  as  ours,  and  when  the  two  were  mixed  in 
equal  proportions  the  melting  point  underwent  no  perceptible  change. 

These  experiments  show  that  caustic  alkali  determines  by  its  presence 
a  change  in  the  product  initially  formed  by  the  removal  of  the  com- 
bined hydrochloric  acid  from  our  hydrochloride,  since  if  this  removal 
is  effected  with  a  limited  quantity  of  alkali,  or  in  the  absence  of  any 
alkaline  substance,  the  product  is  not  identical,  but  isomeric  with  that 
obtained  in  presence  of  excess  of  alkali,  and  the  former  product,  when 
isolated  and  then  brought  into  contact  with  free  alkali  of  a  certain 
strength,  is  changed  into  the  latter  [see  (2),  above]. 


Summary  of  this  Series  of  Changes. 

(i)  Phenylthiourea  is  not  acetylated,  in  presence  of  alkali,  by  treat- 
ment with  acetyl  chloride,  buC 

(ii)  Acetyl  chloride  unites  spontaneously  with  phenylthiourea  to 
form  the  hydrochloride  of  a  feeble  "  base,"  acetyl-i//-i'-phenylthiourea, 
PhNH-C(NH)-SAc. 

(iii)  This  base,  when  liberated  in  alcoholic  solution,  undergoes 
isomeric  change,  the  acetyl  group  migrating,  at  the  ordinary  tempera- 
ture, to  the  phenylated  nitrogen  atom  to  form  PhAcN'CS'NHo. 

(iv)  The  last  product,  if  heated  or  if  brought  into  contact  with 
dilute  alkali,  undergoes  further  isomeric  change,  the  phenyl  and  acetyl 
groups  now  becoming  attached  to  different  nitrogen  atoms,  and  thus 
yielding  AcNH-CS-NHPh. 

(v)  The  hydrochloride  (ii)  changes  by  melting,  with  loss  of  hydrogen 
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chloride,  into  AcNH'CS'NHPh";  by  solution  in  cold  water  it  yields 
phenyltliiourea. 

This  succession  of  movements  of  the  acetyl  group  is  exhaustive  ;  the 
acetyl,  combined  at  first  with  sulphur,  can  be  driven  to  the  phenyl- 
amino-group,  and  thence,  by  an  easy  transition,  to  the  remaining 
nitrogen  atom ;  in  other  words,  it  may  occupy  in  succession,  and  in  a 
given  existing  phenyl  thiourea  molecule,  every  place  where,  according 
to  our  present  notions,  it  could  conceivably  be  attached.  No  less 
than  six  distinct  forms  of  acetylphenylthiourea  may  be  formulated, 
namely,  AcPhN-CS-NHg,  PhNH-CS-NHAc,  NHPh-C{NAc)-SH, 
NHPh-C(NH)'SAc,  NHAc-CXNH)-SPh,  and  AcPhN-C(NH)-SH ; 
these  are  all  essentially  different,  and  do  not  include  mere  tautomeric 
variants  (for  example,  PhNH*C(NH)-SAc  ;=2  NH2'C(NPh)-,SAc),  and 
there  does  not  at  present  seem  to  be  any  valid  reason  for  supposing 
that  any  one  of  them  is  incapable  of  existence.  Nevertheless,  in  view 
of  the  free  mobility  of  both  hydrogen  and  acetyl  in  this  very  "  plastic  " 
molecule,  it  will  doubtless  be  no  easy  matter  to  prepare  and  to  keep  the 
three  forms  which  still  remain  unknown.  Of  these,  one  contains  the 
aryl  gi'oup  combined  with  the  sulphur  atom ;  it  may  be  noted  in 
passing  that  all  attempts  hitherto  made  to  fix  the  aryl  group  in  this 
i/'-form  have  been  unsuccessful  (see  Trans.,  1906,  89,  909). 

In  reference  to  Hugershoff's  observation  that  aa-thiocarbamides 
containing  one  acyl  and  one  aryl  group  yield  thiocyanic  acid  on  treats 
ment  with  strong  alkali, 

AcPhN-CS-KH^  +  KOH  =  AcNHPh  +  KSCN  +  H.^, 
a  number  of  experiments  were  made  in  order  to  learn  if  this  property 
is  peculiar  to  members  of  that  class.  The  compounds  examined 
included  (i)  monosubstituted  thioureas,  both  acyl  and  alkyl ;  (ii)  di- 
substituted  thiocarbamides,  aa-  and  ab-  of  the  alkyl  or  aryl  series,  or 
of  mixed  varieties,  and  a6-derivatives  of  the  acyl-alkyl  or  acyl-aryl 
class ;  (iii)  trisubstituted  thioureas  derived  from  acyl,  aryl,  and  alkyl 
thiocarbimides  by  combination  with  secondary  bases  of  various  sorts. 
Without  giving  a  detailed  list  of  all  the  substances  employed,  it  may 
suffice  to  say  that  not  one  of  them  affoi'ded  the  slightest  reaction  for 
thiocyanic  acid  when  treated  with  alkali  followed  by  hydrochloric  acid 
and  ferric  chloride.  On  the  other  hand,  our  acetyl-i/'-v-phenylthiourea 
hydrochloride  reacted  readily  for  it,  owing  to  partial  conversion  into 
Hugershoff's  compound,  and  the  same  is  true  of  the  various  additive 
compounds  from  acylogens  and  monosubstituted  thioureas,  which  we 
describe  in  the  following  pages.  This  test,  therefore,  appears  to  be  a 
characteristic  one  for  compounds  of  the  class  named. 

It  is  stated  above  that  aa-acetylphenylthiocarbamide  melted  at  139°, 
the  temperature  recorded  by  Hugershoff  {loc.  clt.)  for  this  compound. 
Nevertheless,  we  had  at  first  much  difiiculty  in  reconciling  the  melting 
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point  of  our  product  with  that  given  by  him,  or  indeed,  in  arriving  at 
any  really  definite  melting  point.  This  was  ultimately  found  to  be 
due  to  the  slowness  with  which  we  conducted  the  heating,  for  on 
working  rapidly,  the  substance  melted  at  139°.  At  our  own  slow  rate, 
not  only  did  the  substance  melt  at  temperatures  varying  in  different 
determinations  from  about  133°  to  137°,  but  also,  when  a  specimen  of 
Hugershoff's  compound  (prepared  from  acetic  anhydride  accoiding  to 
his  directions)  was  heated  at  the  same  time  as  ours,  it  showed  a  like 
behaviour.  Moreover,  the  substance,  if  heated  for  some  time  at  129°, 
gradually  softened,  but  did  not  liquefy,  and  on  raising  the  temperature, 
no  further  change  could  be  observed  until  between  150°  and  160°  or 
even  a  trifle  higher,  when  it  melted  to  a  clear  liquid. 

It  appeared  doubtful,  therefore,  whether  the  compound  really 
possessed  a  true  melting  point,  for,  since  at  a  temperature  many 
degrees  below  that  of  liquefaction,  considerable  change  may  occur 
within  not  many  minutes  (into  the  a5-compound),  it  was  to  be  expected 
that  at  about  139°  this  change  would  be  very  rapid.  Such,  in  fact,  is 
the  case,  for  if  the  compound,  heated  quickly,  was  removed  the 
instant  it  liquefied  and  cooled  at  once,  the  now  solid  material,^  when  put 
back  into  the  apparatus,  even  at  145°,  no  longer  melted,  thus  showing 
that  the  process  of  conversion  had  gone  fai*.  The  solidified  product 
also,  when  tested  with  alkali,  gave  but  a  trifling  reaction  for  thiocyanic 
acid. 

Now  although  the  rate  of  change  is  very  rapid  indeed  at  the  liquefy- 
ing point,  it  is  considerably  retarded  at  temperatures  not  far  removed 
from  this,  and  hence  it  seemed  probable  that  the  liquefaction  was  con- 
ditioned, not  by  the  melting  of  the  aa-compound,  with  subsequent 
change  to  the  a5-form,  bub  through  the  production  of  a  mixture  of  both 
in  proportions  continuously  varying,  so  that  at  some  particular  moment 
the  most  fusible  mixture  would  result ;  in  which  case,  if  the  tempera- 
ture was  high  enough,  it  must  melt. 

The  following  experiment  seems  to  confirm  this  view.  Two  narrow 
tubes,  as  nearly  equal  in  all  respects  as  possible,  were  charged  to 
the  same  depth  with  two  fine  powders,  one  consisting  of  the  aa-com- 
pound, the  other  of  a  substance  melting  at  141 — 142°.  The  bath 
being  kept  steadily  at  143°,  both  tubes  were  immersed  simultaneously 
and  attached  to  the  same  thermometer.  In  ten  seconds,  the  substance 
of  higher  melting  point  liquefied  suddenly  ;  after  a  total  interv^al  of 
forty-five  seconds,  the  a«-compound,  which  meanwhile  had  scarcely 
changed  in  appearance,  also  suddenly  melted.  Ten  seconds,  therefore, 
were  required  for  the  establishment  inside  the  tubes  of  a  temperature 
not  less  than  141 — 142°,  which  is  above  the  maximum  "  melting  point  " 
of  the  ffl«-derivative  ;  presumably  the  i-emaining  thirty-five  seconds 
were  occupied,  not  in  melting  it,  but  in  effecting  such  a  relative  amount 
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of  conversion   as  to  produce   a  mixture   fusible    at    the    temperature 
already  attained  within  the  tube. 

Acetyl  Chloride  and  o-Tolylthiourea. 

When  to  a  saturated  solution  of  o-tolylthiourea  in  cold  acetone 
rather  mor-e  than  the  calculated  quantity  of  acetyl  chloride  was  added, 
and  the  mixture  cooled,  a  crystalline,  white  solid  was  soon  deposited, 
melting  at  96'^  with  effervescence ;  the  same  product  was  obtained,  with 
evolution  of  heat,  by  iriixing  the  constituents  in  presence  of  benzene, 
the  latter  method  giving  95  per  cent,  of  the  theoretical  yield  for  a 
molecular  additive  compound  : 

0-2445  required  9-8  c.c.  iV/10  silver  nitrate.     CI  =  14-2. 
C^yHjPN^S,HGl  requires  CI  =  14-50  per  cent. 

The  pure  substance  dissolved  readily  in  cold  water,  yielding  an  acid 
solution,  from  which  in  a  short  time  white  crystals  of  o-tolylthiourea 
began  to  separate ;  in  the  solution  both  hydrochloric  and  acetic  acids 
were  present,  but  no  thiocyanic  acid. 

When  heated  slightly  beyond  its  melting  point  it  eifervesced  freely, 
evolving  fumes  of  hydrogen  chloride;  the  liquid  now  resolidified,  and 
the  solid,  when  recrystallised  from  boiling  alcohol,  in  which  it  was 
rather  sparingly  soluble,  formed  brilliant  prisms.  The  cold  alcoholic 
solution  gave  immediately,  with  aqueous  silver  nitrate,  a  black  pre- 
cipitate, and  had  an  odour  of  ethyl  acetate  when  warmed  with 
sulphuric  acid.  The  melting  point  of  this  new  product,  182 — 183°,  was 
less  than  a  degree  below  that  of  a  specimen  of  pure  a6-acetyl-o-tolyl- 
thiocarbamide,  and  when  equal  weights  of  the  two  were  mixed,  the 
melting  point  of  the  mixture  was  still  182 — 183°. 

In  this  case,  therefore,  as  in  that  of  the  phenylic  homologue,  with- 
drawal of  the  combined  hydrochloric  acid  by  heat  is  associated  with 
movement  of  the  acetyl  group  from  sulphur  to  nitrogen,  acetyl-i/^-o-tolyl- 
thiourea  hydrochloride  changing  to  «6-acetyl-o-tolylthiocarbamide, 

NHPh-C(NH)-SAc,HCl  =  HCl  +  NHPh-CS-NHAc. 

The  solution  of  the  hydrochloride,  if  mixed  without  delay  with  aqueous 
picric  acid,  gave  a  yellow  picrate  in  minute  needles. 

By  treating  the  hydrochloride,  dissolved  in  absolute  alcohol,  with 
one  equivalent  of  sodium  ethoxide,  separating  the  precipitated  sodium 
chloride,  and  treating  the  crystalline  residue  left  by  evaporation  of  the 
alcohol,  as  described  in  the  corresponding  experiment  with  the  phenyl 
derivative,  white  prisms  were  obtained  melting  at  139 '5°.  They 
were  free  from  chlorine,  gave  the  usual  desulphurisation  reactions  with 
lead  and  silver  salts,  and  when  treated  with  strong  alkali  yielded  a 
pasty  mass,  reacting  abundantly  for  thiocyanic  acid.     This  product  was 
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obviously  ;^Hugershoff's  aa-acetyl-o-tolylthiocarbamide,  melting   point 
140°: 
0-208  gave  0-2318  BaSO^.     S  =  15-3. 

CgHjQONgS  requires  S  =  15'38  per  cent. 
It  may  here  be  noted  that  the  hydrochloride,  both  on  heating  and  on 
treatment  with  sodium  ethoxide,  had  an  odour  of  thioacetic  acid,  owing 
probably  to  partial  decomposition  of  the  "  base  "  when  liberated  : 

C7H7-NH-C(NH)-S-COMe  =  CVH^-NICINH  +  COMe-SH.     ^^J 

Acetyl  Chloride  and  T^-Tolylthiourea. 

^-Tolylthiourea  is  so  sparingly  soluble  in  acetone  that  the  precipita- 
tion method  is  not  well  suited  for  preparing  the  additive  compound 
except  on  a  small  scale  ;  when  obtained  in  this  way  it  formed  lanceolate 
prisms.  It  was  prepared  in  larger  quantity  by  mixing  together  the 
finely-powdered  thiourea  and  acetyl  chloride,  whereupon  sufficient  heat 
was  evolved  to  evaporate  a  portion  of  the  latter ;  the  mixture  was  then 
ground  up  in  a  mortar,  the  solid  collected  at  the  pump,  washed  with 
light  petroleum,  and  dried  in  a  vacuum.  The  melting  point  was 
102 — 103°  with  much  effervescence,  and  the  yield  amounted  to  80  per 
cent,  of  the  theoretical : 

0-2445  required  9-8  c.c.  NjlO  silver  nitrate.     CI  =  14-2. 
C%Hi20N2SjHCl  requires  CI  =  14-50  per  cent. 

If  not  contaminated  with  unchanged  ^-tolylthiourea  (which  may  be 
extracted  by  repeatedly  shaking  the  powder  with  acetone)  the  hydro- 
chloride dissolved  readily  in  water,  the  solution  quickly  becoming 
turbid  from  the  separation  of  /^-tolylthiourea ;  no  thiocyanic  acid  was 
contained  in  the  liquor.  The  thiourea  melted  at  181°;  Staats  {Ber., 
1880,  13,  136)  gives  182°. 

When  the  hydrochloride  was  treated  with  cold  aqueous  caustic  alkali 
the  mixture  reacted  readily  for  thiocyanic  acid,  thereby  showing  the 
formation  of  the  art-acetyl-^>tolylthiocarbamide. 

Acetyl  Chloride  and  ixh-Dijihenylthiocarhamide. 

According  to  Deninger  [Ber.,  1895,  28,  1322),  thiocarbanilide  cannot 
be  acetylated  by  the  Schotten-Baumann  method  ;  similarly,  we  found 
(see  p.  131)  that  phenylthiourea  is  not  acetylated  by  acetyl  chloride  in 
presence  of  caustic  alkali. 

When,  howevei">  diphenylthiocarbamide,  suspended  in  benzene,  was 
mixed  with  excess  of  acetyl  cLloride,  the  solid  gradually  changed  to  a 
clear,  yellow  oil,  which  crystallised  on  standing.  The  product,  when 
powdered  and  washed  thoroughly  with  benzene,  was  a  white  powder, 
fuming   in  moist  air,   and   having  an   odour  of   hydrochloric  acid  ;  it 
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was  apparently  insoluble   in  water,  and   began   to   decompose,   with 
effervescence,  at  about  lOG'^ : 

0-3065  absorbed  9-7  c.c.  iV/lO  silver  nitrate.     C  =  11-24. 
C15HJ5ON2CIS  requires  CI  =  11-58  per  cent. 

The  yield  amounted  to  only  50  per  cent,  of  that  calculated  for  a 
molecular  additive  compound.  Dilute  alkali  withdrew  all  the  com- 
bined acid,  leaving  thiocarbanilide. 

The  compound  of  diphenylthiocarbamide  with  acetyl  chloride  is  dis- 
tinctly less  stable  than  that  of  monophenylthiourea,  since  the  former 
evolves  visible  fumes  when  exposed  to  moist  air,  whilst  the  latter 
does  not. 

Acetyl  Chloride  and  di-o- TolT/Uhiocarbamide. 

On  mixing  these  together,  using  excess  of  acetyl  chloride,  a  yellow 
liquid  was  formed ;  this,  when  treated  with  light  petroleum,  gave 
a  paste  which  presently  solidified.  The  product,  when  broken  up  and 
dried,  had  little  odour,  and  melted  sharply,  with  copious  effervescence, 
at  135—136°: 

0-3345  required  9-7  c.c.  lY/lO  silver  nitrate.     CI  =10-3. 

0-3345  gave  0-262  BaSO^.     S  =  10-8. 

Cj^HigONgClS  requires  CI  =  10-6  ;  S  =  10-45  per  cent. 

Benzoyl  Chloride  and  Thiourea. 

These  substances  combined  at  once  in  presence  of  benzene  to  form  a 
white  powder  melting  at  about  116°;  the  yield  was  poor,  amounting 
to  only  54  per  cent,  of  the  theoretical : 

0-2165  required  9-7  c.c.  iVyiO  silver  nitrate.     CI  =  15-9. 
CsHgONgS.HCl  requires  CI  =  16-4  per  cent. 

When  the  combined  acid  was  removed  by  adding  calcium  carbonate 
to  a  solution  of  the  hydrochloride  in  99  per  cent,  alcohol,  no  benzoyl- 
thiourea  was  found  in  the  filtrate,  but  ordinary  thiourea  instead  ;  this 
behaviour  is  similar  to  that  observed  in  the  case  of  the  corresponding 
acetyl  compound  (see  p.  126)  when  treated  with  a  limited  amount  of 
sodium  ethoxide. 

Reference  has  already  been  made  to  Pike's  observation  that  thio- 
urea and  benzoyl  chloride  if  heated  to  120°  yield  benzoylthiourea  ;  an 
attempt  was  therefore  made  to  ascertain  whether  the  latter  substance 
would  be  produced  by  heating  the  above  additive  compound. 

A  quantity  was  melted  in  a  test-tube,  immersed  in  a  suljihuric  acid 
bath  :  hydrogen  chloride  and  a  little  hydrogen  sulphide  were  evolved, 
and  soon  the  mass  solidified;  the  temperature  was  now  raised  to  125° 
to  complete  the  action,  and  after  some  five  minutes  the  tube  was 
removed  and  cooled^     The  product}   nearly  insoluble  in  cold   water, 


THE  ACTION  OF   ACID  CHLORIDES  ON  THIOUREAS.  139 

was  boiled  with  a  large  quantity  of  this  solvent  and  the  solution 
filtered  from  a  trace  of  pasty  solid.  The  filtrate  crystallised  imme- 
diately, giving  small,  vitreous  prisms  which  dissolved  readily  in  cold 
alkali ;  this  solution,  when  mixed  with  a  lead  salt  and  heated,  was 
desulphurised  with  formation  of  a  speculum  of  lead  sulphide.  The 
solid  had  an  intensely  bitter  taste ;  it  was  easily  soluble  in  hot 
alcohol,  somewhat  sparingly  so  in  cold,  and  the  solution,  when  warmed 
with  svilphuric  acid,  had  an  odour  of  ethyl  beiizoate.  It  crystallised 
from  boiling  water  in  needles  melting  at  169 — 170°,  and  hence  con- 
sisted of  benzoylthiourea,  which  melts  according  to  Pike  {loc.  cit.)  at 
169—170°. 

There  can  be  no  doubt  as  to  the  position  of  the  acyl  group  in 
benzoylthiourea,  since  Miquel  has  shown  [Ann.  Ghim.  Phys.,  1877, 
[v],  11,  313)  that  it  is  produced  from  benzoylthiocarbimide  and 
ammonia.  By  heating  the  additive  compound,  therefore,  it  loses 
hydrogen  chloride,  and  the  benzoyl  group  thereupon  transfers  itself 
from  the  sulphur  to  one  of  the  nitrogen  atoms. 

Benzoyl  chloride  gave  with  phenylthiourea  a  tenacious  paste ;  with 
o-tolylthiourea  it  yielded  a  solid  additive  product  which  was  not 
examined  in  detail. 

Benzoyl  Chloride  and  -p- Tolylthiozirea. 

By  direct  union  of  these  constituents  a  soft,  white  powder,  decom- 
posing with  effervescence  at  137 — 138°,  w-as  obtained  in  nearly 
quantitative  yield.  The  substance  melted  in  boiling  water,  and  the 
filtrate,  on  cooling,  deposited  loog  needles,  which  were,  apparently, 
benzoic  acid.  It  was  desulphurised  by  alkaline  solution  of  lead,  and 
when  warmed  with  alcohol  and  sulphuric  acid  gave  the  odour  of  ethyl 
benzoate : 

0-613  required  20-1  c.c.  i\710  silver  nitrate.     CI  =  11-6. 
C\5Hj^ON2S,HCl  requires  CI  =  11  "5  per  cent. 

On  warming  the  substance  with  caustic  alkali  and  treating  the 
resulting  mixture  with  hydrochloric  acid,  followed  by  fei-ric  chloride,  a 
blood-red  coloration  appeared  ;  as  this  reaction  points  in  the  case  of 
acetyl  derivatives  of  monosubstituted  thioureas  to  the  presence  of  an 
a«-disubstitution  compound,  it  seemed  probable  that  the  thiocyanic  acid 
yielded  by  the  benzoyl  derivative  had  a  like  origin.  Hugershoff  does 
not  appear  to  have  inquired  whether  the  benzoyl  radicle  is  similar  to 
the  acetyl  group  as  regards  the  power  of  forming  labile  thiocarb- 
amides;  we  therefore  conducted  the  following  experiment  to  learn 
whether,  from  our  supposed  benzoyl-i/^-t'-tolylthiourea  hydrochloride, 
C7H7-NH-C(NH)-S-COPh,HCl,  an  «rt-derivative  could  be  produced, 
PhCO-N(CVH.)-CS-NH.,  [or  perhaps  PhCO-N(C.H.)'C(NH)-SH],  con- 
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vertible  in  turn  into  the  known  «6-benzoyl-/)-tolylthiocarbamide, 
PhCO-NH-CS-NH-C^Hy. 

From  a  cjuantity  of  the  freshly-prepared  hydrochloride,  dissolved  in 
cold  anhydrous  alcohol,  the  combined  acid  was  withdrawn  by  excess  of 
calcium  carbonate,  the  filtered  liquor  was  then  evaporated,  and  the 
solid  residue  purified  by  chloroform  in  the  manner  previously 
described  for  tho  corresponding  acetylphenyl  derivative.  The  viscid 
solid,  left  by  evaporation  of  the  chloroform,  was  treated  with  pure 
ether,  which  separated  it  into  (1)  a  residue,  giving  no  thiocyanic 
reaction  with  alkali,  and  melting  after  one  recrystallisation  from 
alcohol  at  157 — 158",  and  after  a  second  at  158 — 159"  (uncorr.), 
and  (2)  a  filtrate.  The  latter  on  evaporation  left  a  solid,  reacting 
with  alkali  for  thiocyanic  acid.  On  crystallising  this  from  alcohol, 
needles  melting  at  157 — 158°  were  obtained,  resembling  the  preceding 
and  giving  no  thiocyanic  reaction ;  moreover,  the  liquor  from  these 
now  reacted  but  faintly  with  alkali  for  thiocyanic  acid. 

The  substance  melting  at  158 — 159°  proved  to  be  a  thiocarbamide 
containing  the  benzoyl  group,  and  since  it  gave  no  thiocyanic  acid, 
was  presumably  not  the  aa-  but  the  a5 -compound,  namely,  benzoyl-/>- 
tolylthiocarbamide.  This  melting  point  is  materially  lower  than  that 
recorded  by  Miquel  (Joe.  cit.),  namely,  165°.  On  preparing  Miquel's 
compound,  however,  by  his  own  method  (from  benzoylthiocarbimide 
and  ^>-toluidine),  and  recrystallising  from  alcohol  until  the  melting 
point  became  constant,  a  substance  was  obtained  identical  in  appear- 
ance and  properties  with  that  described  above,  and  melting  sharply  at 
the  same  tempei'atuve,  158 — 159°  (uncorr.).  Miquel's  figure,  there- 
fore, is  somewhat  too  high. 

So  far  as  may  be  judged  from  the  single  set  of  experiments  detailed 
above,  it  would  seem  that  the  hydrochloride  of  benzoyl-i/^-;j-tolylthio- 
urea  can  yield,  by  the  elimination  of  its  combined  hydrochloric  acid, 
a«-benzoyl-^-toIylthiocarbamide,  but  that  the  latter,  being  rather 
unstable,  is  resolved  by  successive  recrystallisations  from  hot  alcohol 
into  the  stable  or  rtS-isomeride,  PhCO-NH-CS-NH'C^IL. 

Benzoyl  Chloride  and  Thiocarhanilide. 

When  brought  together  in  pres-ence  of  benzene  these  substances  did 
not  appear  to  unite,  but  on  mixing  them  together  directly  there  was 
vigorous  combination,  with  considerable  evolution  of  heat.  After 
being  washed  with  benzene,  followed  by  light  petroleum,  the  product 
"was  slightly  yellow,  and  decomposed  at  108 — -109°.  Yield,  90  per 
cent,  of  the  theoretical.  This  substance  was  distinctly  unstable,  the 
loss  of  material  being  perceptible  during  the  process  of  weighing  out 
for  analysis 
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0-3784  required  9-5  c.c.  Njid  silver  nitrate.     CI  =  89. 
CgoHj^ON^ClS  requires  CI  =  9-6  per  cent. 

In  addition  to  the  experiments  desci'ibed  above,  the  following 
substances  were  examined  as  to  their  power  of  combination  when 
mixed  together  : 

Acetyl  chloride  and  «6-acetylphenylthiocarbamide. 

Acetyl  chloride  and  a6-benzoyl-o-tolylthiocarbamide. 

Ethyl  chlorocax'bonabe  and  a6-benzoyl-o-tolylthiocarbamide. 

Acetyl  chloride  and  carboxy-o-tolylthiourea, 

C7H,-C02-NH-C(NH)-SH. 

Ethyl  chlorocarbonate  and  carboxy-otolylthiourea, 
C7Hy-C0^-NH-C(NH)-SH. 

o-Tolylchlorocarbonate  and  carboxy-o-tolylthiourea, 
C7H,-C0o-NH-C(NH)-SH. 

Ko  action  seemed  to  occur  ;  in  each  case  the  thioc  u^bamide  employed 
was  recovered  and  its  melting  point  verified.  The  presence  of  an 
electronegative  group  in  a  thiourea  appears,  therefore,  to  paralyse,  or 
at  least  greatly  to  hinder,  its  power  of  combining  with  acylogens. 

In  all  the  preceding  cases  of  combination  the  radicle  R*CO*  of  the 
acid  chloride  employed  was  highly  electronegative  in  character. 
With  the  chloride  K'O'COCl,  the  radicle  of  which  is  much  more  electro- 
positive, the  products  as  a  rule  were  comparatively  stable.  Thus, 
ethyl  and  methyl  chlorocarbonates,  when  united  with  thiourea,  gave 
compounds  which  did  not  appear  to  be  dissociated  by  cold  water  to 
any  material  extent,  whilst  the  compounds  of  methyl  chloi^ocarbonate 
with  phenyl-,  o-tolyl-,  and  /)-tolyl-thiourea  respectively,  were  not  dis- 
sociated at  all ;  in  fact,  when  treated  with  caustic  alkali,  their  solu- 
tions yielded  the  corresponding  bases,  for  example, 

PhNH-C(NH)'S-CO-OMe 
(Dixon,  Trans.,  1903,  83,  550).  The  hydrochloride  obtained  from 
thiourea  and  phenyl  chlorocarbonate  (Dixon,  Trans.,  1906,  89,  909) 
is  a  well-marked  salt  ;  the  base,  however,  could  not  be  isolated  by 
means  of  alkali,  probably  because  of  the  feebly  positive  character  of 
the  radicle  PhO-CO. 

Now,  if  it  be  true  that  the  general  stability  of  these  combinations, 
and  in  particular  their  power  of  resisting  the  hydrolysing  action  of 
watei',  depends  mainly  on  the  nature  of  the  acyl  radicle  united  with 
the  sulphur  atom ;  it  should  be  passible,  by  employing  acylogens  con- 
taining groups  less  strongly  negative  than  acetyl  and  its  congeners, 
to  obtain  hydrochlorides  proportionately  more  stable  in  the  sense 
named  than  the  above.  We  have  tested  this  conjecture  experi- 
mentally, and  so  far  as  may  be  judged  from  the  following  I'esults  it 
appears  on  the  whole  to  be  substantiated. 

Of  acylogens  suitable  for  the  purpose,  no  abundant  choice  was  avail- 
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able ;  we  selected  for  investigation  the  chlorides  of  certain  substituted 
carbamic  acids,  RoN'CO'OH,  since  the  group  Rg^'CO*  is  distinctly 
less  negative  than  the  acetyl  group. 

Diphenylcarhamic  Chloride  and  Thiourea. 

Molecular  proportions  were  thoroughly  mixed  and  heated  in  an  oil- 
bath  until  liquefaction  commenced  and  a  trace  of  effervescence  set  in  : 
at  this  stage  the  temperature  of  the  bath  was  134°  When  cool,  the 
solid  residue  was  powdered,  boiled  with  acetone  (which  dissolves  it  to 
a  very  appreciable  extent),  filtered,  and  washed  with  more  cold 
acetone ;  the  yield  of  nearly  white  powder  reached  only  55  per  cent,  of 
the  amount  calculated  from  the  equation 

Ph^N-COCl  +  NH2-C(NH)-SH  =  NH2-C(NH)'S-CO-NPh2,HCl, 
but    a    further    considerable   quantity   separated    from   the    acetone 
solution. 

The  hydrochloride  was  moderately  easily  soluble  in  warm  water  ;  it 
crystallised  from  this  solvent  in  short,  vitreous  prisms  having  a  some- 
what greasy  lustre  and  melting,  with  copious  effervescence,  at 
182— 183°(uncorr.): 

0'3075  required  9"9  c.c.  XjiQ  silver  nitrate;  Cl=ir4. 
Cj^Hj^OX.^ClS  requires  Cl  =  11-54  per  cent. 

Water,  therefore,  did  not  destroy  the  salt. 

The  aqueous  solution  was  neutral  to  litmus ;  when  treated  in  the 
cold  with  rather  less  than  one  equivalent  of  normal  alkali,  it  gave  a 
crystalline  white  pi'ecipitate,  which  consisted,  not  of  the  expected  fi-ee 
base,  but  of  diphenylamine ;  cold  alkaline  solution  of  lead  gave  with 
the  liquor  a  black  precipitate,  thus  showing  that  the  disruption  of  the 
molecule  had  gone  far. 

When  treated  with  dilute  nitric  acid  or  with  a  solution  of  potassium 
nitrate,  the  aqueous  solution  of  the  hydrochloride  yielded  a  crystalline, 
white  precipitate  ;  the  latter,  by  recrystallisation  from  boiling  water, 
was  obtained  in  clear,  colourless,  flattened,  oblique  prisms  free  from 
chlorine,  darkening  at  170°,  and  frothing  at  176 — 177°.  That  this 
substance  was  a  nitrate  was  shown  both  by  the  ferrous  sulphate  test 
and  by  the  fact  that  on  warming  it  with  dilute  alkali  and  then  treating 
the  mixtui'e  with  sulphuric  acid,  a  splendid  indigo-blue  coloration 
appeared  ;  this  is  explained  by  the  liberation  by  the  alkali  of  diphenjd- 
amine,  which  in  presence  of  a  nitrate  and  sulphuric  acid  gives  the  well- 
known  blue  diphenylamine  reaction  : 

0-334  required  20-5  c.c.  i\710  barium  chloride;  S  =  9-8. 
Ci^Hj30N"3S,HX03  requires  S  =  9-58  per  cent. 

Aqueous  picric  acid,  when  mixed  with  a  cold  saturated  solution  of 


THE   ACTION   OF   ACID   CHLORIDES   ON   THIOUREAS.  143 

the  nitrate,  gave  the  corresponding  ^;ic?*«^e  in  minute,  yellow  needles 
rather  sparingly  soluble  in  boiling  water. 

Phenylmethylcarhamic  Chloride  and  Thiourea. 

Combination  occurred  on  the  water-bath,  and  after  treatment  with 
acetone,  as  described  in  the  preceding  case,  the  yield  of  white  solid 
reached  63  per  cent,  of  the  theoretical ;  the  product  melted  with 
effervescence  at  about  175°,  and  when  dissolved  in  water  gave  a  neutral 
solution.  Chlorine  was  determined  by  acidifying  the  aqueous  solution 
with  nitric  acid,  filtering,  and  treating  the  filtrate  according  to 
Volhardt's  method  : 

0-2445  required  9-65  c.c.  NjlQ  silver  nitrate;  CI  =  140. 
CgHjgONgClS  requires  CI  =  14-47  per  cent. 

On  adding  dilute  nitric  acid  (or  potassium  nitrate)  to  the  aqueous 
solution  the  niti^ate  was  precipitated,  which  crystallised  from  boiling 
water  in  white,  lustrous  needles,  becoming  yellow  at  155°,  and  melt- 
ing with  effervescence  to  a  black  liquid  at  162°.  The  solution  was 
desulphurised  by  boiling  with  ammoniacal  silver  nitrate,  and  gave  the 
usual  reactions  for  nitric  acid  ; 

0-272  required  20-45  c.c.  iV/lO  barium  chloride;  S  =  12-0. 
C9HjiOISr3S,H]Sr03  requires  S  =  11-76  percent. 

The  picrate  crystallised  from  water  in  small,  yellow  needles  melting 
with  effervescence  at  174 — 175°. 

Phenylethylcarhamic  Chloride  and  Thiourea. 

Prepared  by  warming  the  constituents  on  the  water-bath  and 
treating  as  previously  described ;  the  nearly  white  product  melted  at 
160°  with  effervescence  : 

0-2595  absorbed    9-9  c.c.  i\7lO  silver  nitrate  ;  CI  =  13-9. 

0-2595         „  9-9  c.c.  iV/lO  „  Cl=13-9. 

0-2595         „        19-8  c.c.  iV/10  barium  chloride;  S=  12-2. 
C10H14ON3CIS  requires  Cl  =  1407  ;  S-  12-33  per  cent. 

The  nitrate,  precipitated  as  before,  crystallised  from  boiling  water 
in  vitreous  prisms  changing  in  appearance  at  145°,  and  melting  with 
frothing  and  green  coloration  at  154°: 

0-2595  required  18-7  c.c.  iVyiO  barium  chloride;  S  =  11'5. 
CiQHjgONsSjHNOg  requires  S  — 11*18  per  cent. 

A  crystalline  picrate  melting  at  1 60°  was  obtained  from  the  mother 
liquor  of  the  nitrate ;  phenylethylcarbamylthiourea  (from  the  corre- 
sponding thiocarbimide  and  ammonia)  when  treated  in  alcoholic 
solution  with  picric  acid  gives  no  picrate. 
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Phenylbenzylcarhamic  Chloride  and  Thiourea. 

The  hydrochloride,  being  somewhat  impure,  was  dissolved  in  water 
and  precipitated  as  nitrate,  which  crystallised  from  boiling  water  in 
long,  stout  needles  changing  colour  at  145'^  and  effervescing  at  154°  : 

0-348  gave  0235  BaSO^ ;  S  =  9-3. 

Ci5Hi50N3S,HN03  requires  8  =  9-19  per  cent. 

A  crystalline /Jicra^e  was  obtained  melting  at  161°;  on  analysis: 

0-2185  gave  30-8  c.c.  moist  nitrogen  at  17°  and  773  mm.     ISr=:  16-64. 
CgjH^jjOyN^jS  requires  lSr  =  16-34  per  cent. 

Benzyl  Chlorocarbonate   and  Plienylthiourea. 

Eeference  has  already  been  made  in  an  earlier  part  of  this  piper 
(p.  123)  to  the  fact  that  alkyl  chlorocarbonate  derivatives  of  certain 
thioureas,  when  treated  with  alkali,  do  not  behave  in  the  same  way  as 
the  corresponding  compounds  obtained  from  aryl  chlorocarbonates.  In 
so  far  as  benzyl  chlorocarbonate,  although  containing  an  aromatic 
group,  is  allied  rather  to  the  former  class,  it  seemed  probable  that  its 
compound  with  phenylthiourea  would  tend  to  pass  readily  into  benzyl- 
i//-phenylthiourea,  NHPh*C(NH)'S'C7Hj,  and  an  experiment  was 
made  in  order  to  learn  if  this  would  be  the  case.  As  no  special 
interest  attached  to  the  production  of  the  additive  compound  of  the 
two  substances  named  above,  the  preparation  was  made  under  the 
influence  of  heat,  which  it  was  expected  would  decompose  the  additive 
compound  as  fast  as  formed,  with  elimination  of  carbon  dioxide,  but 
not  of  hydrogen  chloride  ;  in  effect,  this  proved  to  be  the  case. 

When  phenylthiourea  was  heated  on  the  water-bath  Avith  a  slight 
excess  of  benzylchlorocarbonate  in  presence  of  benzene,  carbon  dioxide 
escaped  with  effervescence,  and  an  oil  was  formed,  which  presently 
solidified  ;  the  solid,  after  being  washed,  first  with  benzene  and  then 
with  light  petroleum,  amounted  to  97  per  cent,  of  the  yield  calculated 
from  the  equation 

CSNgHgPh  +  PhCH.-COCl  =  CO2  +  PhNH-C(NH)-S-CH2Ph,HCl. 
3-52  grams  of  the  product,  dissolved  in  500  c.c.  of  water,  were 
treated  with  excess  of  normal  alkali,  the  solid  precipitate  was  then 
separated,  and  the  filtrate  neutralised  with  normal  sulphuric  acid, 
using  phenolphthalein  as  indicator  ;  10-5  c.c.  of  alkali  were  absorbed  by 
the  combined  hydrochloric  acid,  instead  of  10-9,  as  required  by  the 
above  formula. 

The  residual  white  powde.r,  having  an  odour  of  benzyl  mercaptan, 
crystallised  from  light  petroleum  in  brilliant,  pearly  leaves,  melting 
at  80°,  which  were  insoluble  in  water,  easily  soluble  in  alcohol  or  ift 
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hydrochloric  acid  ;  this  solution  gave  a  crystalline  jncrate  and  a  white 
mercurichloride.  The  alcoholic  solution  was  not  affected  by  silver 
nitrate,  but  the  mixture,  when  treated  with  ammonia  and  warmed, 
gave  a  yellow,  flocculent  precipitate,  and  the  solution  in  alcoholic  potash, 
when  heated  with  a  lead  salt,  was  not  blackened,  but  yielded  instead  a 
bright  yellow  precipitate.  The  substance  was  obviously  Werner's 
i/^-base,  obtained  by  him  from  phenylthiourea  and  benzyl  chloride 
(Trans.,  1890,  57,  295);  for  this  he  gives  the  melting  point  81—32°, 
whilst  our  compound,  once  recry^tallised,  melted  at  80°. 

With  thiourea  and  benzyl  chlorocarbonate  similar  results  were 
obtained,  and  eventually  Werner's  thiourea  base, 

NH2-C(NH)-S-CH2Ph, 
{loc.  cit.)  was  isolated. 

Savimary  and  Conclusion. 

In  the  following  summary  of  the  principal  observations  described 
or  referred  to  above,  the  statements  have  occasionally  been  put  in 
somewhat  general  terms,  although  the  number  of  cases  tested  may 
have  been  few. 

(i)  Acetyl  chloride  or  benzoyl  chloride  combines  in  molecular  pro- 
portion with  thiourea  to  form  the  hydrochloride  of  a  "  base  "  or 
(//-thiourea,  in  which  the  acyl  group  is  joined  to  the  rest  of  the 
molecule  through  the  sulphur  atom,  as  shown  by  the  typical  formula 
NH2-C(NH)-S-CO-CH3. 

By  treatment  of  the  hydrochloride  with  water,  or  by  treatment  of 
its  alcoholic  solution  with  one  equivalent  of  sodium  ethoxide,  or  with 
excefcs  of  calcium  carbonate,  thiourea  is  regenerated ;  if,  however, 
the  compound  is  melted,  it  loses  hydrogen  chloi'ide  only,  the  acyl 
group  migrating  to  the  nitrogen  atom  so  as  to  produce  acetyl-  or 
benzoyl-thiourea.  The  hydrochloric  acid  may  be  displaced  by  picric 
acid,  with  formation  of  a  sparingly  soluble  picrate  of  the  base. 

(ii)  Acetyl  chloride  or  benzoyl  chloride  unites  similarly  with  ai-yl 
monosubstituted  thioureas,  the  pi'oducts  being  quickly  dissociated  by 
water,  as  in  the  preceding  cases  ;  it  is  possible,  nevertheless,  to  obtain 
a  picrate  from  the  hydrochloride.  On  treating  the  hydrochloride  in 
alcoholic  solution  with  excess  of  calcium  carbonate  or  with  one 
equivalent  of  sodium  ethoxide,  the  combined  hydrogen  chloride  is 
eliminated,  but  (although  the  odour  of  thioacetic  acid  becomes  per- 
ceptible) not  with  formation  of  the  corresponding  i//-base,  for  example, 
Ar]S'H'C*(Ntl)'S'C0CE[3  ;  instead,  the  acyl  radicle  migrates  to  the 
nitrogen  atom  combined  the  aryl  group,  thus  producing  the  isomeric 
«a-disubstituted  thiocai'bamide,  for  example,  PhAcN'CS'NHg.  Under 
the  action  of  heat  or  of  dilute  alkali,  or,  it  may  be,  even  by  recrystal- 
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lisation,  the  latter  again  changes,  owing  to  further  acyl  migration, 
into  an  a6-disubstituted  thiocarbamide.  When  melted,  the  above 
additive  compounds  lose  hydrogen  chloride,  thereby  changing  directly 
into  a5-disubstitutcd  thiocarbamides,  AcNH*CS*NHAr. 

(iii)  Acetyl  chloride  or  benzoyl  chloride  unites  additively  with  aryl- 
disubstituted  thiocarbamides ;  the  products  have  not  yet  been  examined 
in  sufficient  detail  to  justify  a  definite  statement  as  to  how  the  acyl 
radicle  is  attached. 

(iv)  Disubstituted  carbamic  chlorides  unite  with  thiourea,  forming 
haloid  salts  of  basic  forms,  XYN-C0-S-C(NH)-NH2 ;  the  nitrates 
and  picrates  of  such  bases  are  sparingly  soluble  in  water.  Caustic 
alkali  destroys  the  hydrochlorides  without  liberating  a  corresponding 
base,  the  group  XYN-CO*  undergoing  ready  hydrolysis  into 
secondary  amine  and  carbon  dioxide. 

(v)  If  benzyl  chlorocarbonate,  PhCH^'O'COCl,  is  warmed  with 
thiourea  or  with  phenylthiourea,  carbon  dioxide  escapes,  and  a  com- 
pound is  formed  such  as  NH2'C(NH)'S*CH2Ph,  in  which  the  benzyl 
group  is  attached  to  the  sulphur  atom.  Aliphatic  chlorocarbonates 
behave  similarly. 

(vi)  Organic  acyl  chlorides  do  not  appear  to  be  capable  of  uniting 
with  a  thiourea  or  thiocarbamide  containing  a  distinctly  acid  radicle. 
The  organic  group  of  such  a  chloride,  however,  sometimes  expels  from 
an  acid-substituted  thiocarbamide,  and  replaces,  a  radicle  more  highly 
electronegative  than  itself. 

Chemical  Department, 

Queen's  College,  Coek. 


XIV. — Transformations   of   HigJihj    Substituted  Nitro- 
aminohenzenes.        II.         ^-Trihromo-1-nitroamino- 
henzene. 
By  Alice  Emily  Smith  and  Kennedy  Joseph  Previte  Okton. 

In  earlier  ^papers  (Trans.,  1902,  81,  806  ;  1905,  87,  389)  we 
described  certain  reactions  which  are  exhibited  by  s-ti"ichloro-l-nitro- 
aminobenzene  when  treated  with  sulphuric  acid  in  acetic  acid  solution. 
It  was  shown  that  within  certain  limits  of  temperature  and  concentra- 
tion of  the  sulphuric  acid,  the  nitroamine  yielded  some  30 — 35  per 
cent,  of  a  s-ti'ichlorophenyliminotrichlorobenzoquinone  (hexachloro- 
quinoneanil).  It  was  found  possible,  in  bringing  about  this  change,  to 
avoid  any  displacement  of  chlorine  by  the  nitro-group,  and  consequent 
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formation  of  a  dichloronitroaniline.  In  the  case  of  the  corresponding 
s-tribromo-1-nitroaminobenzene,  on  the  other  hand,  it  was  observed 
that  there  was  a  far  greater  tendency  for  the  bromine  atom  to  leave 
the  benzene  nucleus,  and  in  preliminary  experiments  such  treatment 
as  that  described  led  mainly  to  the  production  of  2  :  6-dibromo-4-nitro- 
aniline. 

A  number  of  experiments  have,  however,  led  to  the  discovery  that 
«-tribromonitroaminobenzene  will  under  narrowly-defined  conditions 
yield  phenyliminobenzoquinones  analogous  to  those  obtained  from  s-tri- 
chloronitroaminobenzene.  This  change  is  effected  by  solutions  of  sul- 
phuric acid  in  acetic  acid  containing  a  certain  small  percentage  of  water. 
The  concentration  of  sulphuric  acid,  which  has  been  found  most 
suitable,  is  06  of  sulphuric  acid  to  1  of  acetic  acid ;  with  such  a 
solution  the  reaction  is  brought  to  completion  in  one  to  two  hours  j 
higher  concentrations  of  acid  hasten  the  decomposition,  but  then 
the  dibromonitroaniline  is  the  main  product.  At  lower  concentrations 
the  decomposition  is  so  slow  that  secondary  reactions  greatly  decrease 
the  yield  of  the  quinoneanil.  Using  the  most  favour-able  concentra- 
tions of  sulphuric  acid,  it  is  only  possible  to  obtain  the  quinoneanils 
if  the  temperature  is  kept  as  low  as  possible,  that  is,  at  the  freezing 
point  of  the  solution ;  at  higher  temperatures,  the  formation  of  nitro- 
aniline  again  predominates.  Addition  of  small  quantities  of  water  to 
the  reacting  mixture  decreases  the  rate  of  the  decomposition,  but,  at 
the  same  time,  there  is  a  falling  off  in  the  formation  of  the  nitro- 
aniline.  About  4  per  cent,  of  water  is  the  most  favourable  concen- 
tration for  the  formation  of  the  quinoneanil. 

Although  it  is  possible  to  prevent  the  formation  of  the  dibromo- 
nitroaniline, the  elimination  of  a  certain  proportion  of  bromine  could 
not  be  avoided.  As  a  result,  a  mixture  of  quinoneanils  is  obtained, 
in  which  the  s-tribromophenyliminodibromobenzoquinone  largely  pre- 
dominates over  the  s-tribromophenyliminotribromobenzoquinone. 

This  elimination  of  bromine  and  consequent  formation  of  penta- 
bromoquinoneanil  is  of  considerable  interest  and  throws  some  light  on 
the  mechanism  of  the  formation  of  the  quinoneanil  from  the  nitro- 
amine.     The  conversion  of  s-trichloronitroaminobenzene  into  a  s-tri- 

_C1  CJ^Cl 

chlorophenyliminotrichlorobenzoquinone,      Cl^       J>'NI<^       NiO     or 

~C1         cT 
CI  C1_C1 

Cl<^       ')>'N!<('        y-0,    necessitates    the   transference   of    a    chlorine 

~C1  lu 

atom  from  one  carbon  atom  to  the  neiijhbourina:  carbon  atom  in  the 
benzene   i-ing.     The  like   holds  for   the   foimation  of   a    hexabromo- 
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quinoneanil  from  the  tribromonitroaminobenzene.  But  in  the  trans- 
formation of  the  bromo-compound,  although  the  bromine  is  set  free 
from  its  original  point  of  attachment,  only  a  certain  proportion,  and 
that  the  smaller,  re-enters  the  benzene  nucleus.  In  the  case  of  the 
trichloronitroamine,  a  complete  re-entrance  of  the  chlorine  may  take 
place ;  nevertheless,  since  at  higher  temperatures  the  presence  of 
chlorine  in  small  quantity  can  be  detected  among  the  products  of  the 
reaction,  the  difference  between  the  tribromo-  and  trichloro-nitro- 
amines  is  rather  one  of  degree. 

The  other  characters  of  the  decomposition  of  the  tribromonitro- 
aminobenzene generally  resemble  those  of  the  trichloro-compound  (loc. 
cit.) ;  the  quinoneanil  repi'esents  some  30 — 35  per  cent,  of  the  nitro- 
amine,  and  an  equivalent  amount  of  ammonia  is  produced.  The 
remainder  of  the  nitroamine  is  represented  by  s-tribromobenzene- 
diazonium  salts.  The  proportion  of  penta-  and  hexa-bromoquinone- 
anil  appears  to  vary  considerably  in  different  experiments,  but  the 
latter  never  exceeds  a  small  percentage  of  the  solid  product  of  the 
reaction. 

The  constitution  of  the  pentabromoquinoneanil  partly  follows 
from  the  cleavage  with  sulphuric  acid,  when  it  yields  s-tribromo- 
aniline  and  2  : 6-dibromobenzoquinone.     It  is  accordingly  represented 

J3r  Br^ 

by  one  of  the  formula; :  Br^         ;*N.<  >I0  or 

Br  Br 

^r  Br 

Br/        ^'N'/         \*0 

Br  Br 

The  halogen  derivatives  of  4-hydroxydiphenylamine  are,  with  the 
exception  of  a  tetrachlorohydroxydiphenylamine  (prepared  indirectly 
by  Jacobson,  Chem.  Centr.,  1898,  ii,  36),  unknown.  Notwithstanding 
that  hydroxy diphenylamine  itself  is  prepared  very  easily  by  Calm's 
method  from  aniline  and  quinol,  there  is  no  i-ecord  of  attempts  at 
chlorination  and  bromination.  We  hoped  to  obtain  the  bromohydroxy- 
diphenylamines,  which  are  produced  from  the  nitroamine,  by  direct 
bromination ;  to  that  end  many  experiments  have  been  made,  but  it 
has  been  found  that  the  bromination  is  no  simple  matter ;  such  results 
as  have  been  achieved  will  be  shortly  recorded. 

The  study  of  the  transformations  of  the  nitroamines  is  being  con- 
tinued. 
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Experimental. 
Decomposition  of  s-Trihromonitroaminohenzene. 

The  products  of  the  decompositiou  of  s-tiibromonitroaminobenzene 
(which  was  prepared  by  the  method  previously  recorded,  Trans.,  1902, 
81,  808)  in  acetic  acid  solution  by  sulphuric  acid  are  very  dependent 
on  the  conditions,  namely,  temperature,  and  the  amounts  of  water  and 
sulphuric  acid  present. 

Generally  speaking,  the  higher  the  temperature,  and  the  larger  the 
amount  of  sulphuric  acid,  the  larger  is  the  proportion  of  2  :  G-dibromo- 
nitroaniline  produced,  and  consequently  of  bromine  eliminated.  When 
the  proportion  (by  weight)  of  the  sulphuric  acid  to  the  acetic  acid  is 
above  1:1,  the  aniline  is  the  main  product;  with  lower  proportions  of 
sulphuric  acid,  but  at  slightly  elevated  temperatures,  20°  to  30°,  a 
similar  result  follows. 

The  2  :  Q-dihromoA-nitroaiiiline  was  obtained  in  characteristic  yellow 
crystals  melting  at  203°,  and  sparingly  soluble  in  alcohol. 

0-1654  gave  0-2092  AgBr.     Br  =  53-85. 

CjjH40oN2Br2  requires  Br  ^54-01  per  cent. 

As  the  proportion  of  sulphuric  acid  is  decreased  to  06  :  1,  and  rising 
of  the  temperature  above  freezing  point  of  the  solution  prevented,  the 
rate  of  the  decomposition  becomes  slower ;  at  the  same  time  the  yield 
of  the  nitroaniline  decreases,  and,  with  the  concentration  of  the  sul- 
phuric acid  just  mentioned,  is  very  small,  a  red  substance  (a  mixture  of 
bromoquinoneanils)  being  now  the  main  solid  product.  Further  lower- 
ing of  the  proportion  of  sulphuric  acid  is  followed  by  such  a  decrease 
in  the  speed  of  the  decomposition,  that  the  nitroamine  only  disappears 
entirely  after  many  hours'  standing. 

The  effect  of  addition  of  water  to  the  mixture  is  mainly  to  decrease 
the  rate  of  the  decomposition,  but  at  the  same  time  with  a  given  con- 
centration of  sulphuric  acid  the  production  of  dibromonitroaniline  is 
less.  A  mixture  of  30  grams  of  acetic  acid  and  18  grams  of  sulphuiic 
acid,  in  which  1  gram  of  nitroamine  was  dissolved,  contained  no 
nitroamine  after  forty  minutes,  when  so  much  water  was  present  as  to 
produce  a  2  per  cent,  solution.  If,  however,  the  concentration  of  the 
water  was  4  per  cent.,  the  time  required  for  complete  decomposition 
was  one  hour  and  twenty  minutes.  In  the  latter  case,  only  a  trace  of 
dibromonitroaniline  was  formed,  whilst  in  the  solution  containing  2  per 
cent,  of  water  some  5  per  cent,  of  the  nitroamine  is  converted  into  the 
nitroaniline. 

Frejjciration  of  the  Red  Solid  {Mixture  of  Bromoquinoneanils). — In 
order  to  prepare  the  mixture   of  bromoquinoneanils  as  free  from  di- 
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bromonitroaniline  as  possible,   the    following    procedure   was  finally 
adopted. 

A  solution  of  50  c.c.  of  concentrated  sulphuric  acid  (95  per  cent.)  ia 
60  c.c.  acetic  acid  was  slowly  added  to  a  solution  of  5  grams  of  the 
nitroamine  in  100  c.c.  of  acetic  acid,  the  liquid  being  well  stirred  and 
cooled  until  a  slight  separation  of  the  solid  solvent  occurred.  The  first 
addition  of  the  sulphuric  acid  led  to  the  development  of  a  bluish-green 
colour,  which  finally  changed  to  a  deep  olive-green.  The  liberation  of 
bromine  during  the  addition  was  very  obvious.  The  mixture  was 
allowed  to  stand,  generally  for  about  one  hour,  and  then  poured  on  to 
ice,  when  a  red  solid  separated  ;  this  was  collected  and  washed  free 
from  acid  with  water.  Any  vinchanged  nitroamine  was  removed  by 
digestion  with  cold  aqueous  sodium  carbonate  ;  the  red  solid  was  then 
dried  over  sulphuric  acid  in  an  evacuated  desiccator. 

Examination  of  the  Filtrate  from  the  lied  Solid. — The  acid  filtrate 
was  of  a  yellow  colour  and  had  a  strong  odour  of  bromine.  The  esti- 
mation of  the  amount  of  bromine  showed  that  some  26  per  cent,  of 
one  atomic  preparation  of  the  bromine  in  the  nitroamine  had  been 
eliminated. 

The  presence  of  s-tribromobenzenediazonium  salt  in  the  filtrate  could 
be  demonstrated  by  coupling,  but  was  most  clearly  shown  by  conversion 
of  the  diazo-compound  into  s-tribromobenzene.  To  this  end,  an  aliquot 
part  of  the  filtrate  was  heated  with  one-third  of  its  volume  of  alcohol. 
On  cooling,  s-tribromobenzene  crystallised  in  long  needles  melting  at 
119—120°. 

Separation  of  the  Bromoquinoneanils. — Although  it  is  not  difficult  to 
obtain  the  pure  pentabromoquinoneanil,  albeit  with  considerable  loss, 
from  the  red  solid,  the  separation  of  both  the  penta-  and  hexa-bromo- 
quinoneanils  is  a  matter  of  great  difficulty.  Repeated  crystallisation 
from  alcohol,  acetic  acid,  or  light  petroleum,  finally  yielded  a  small 
quantity  of  the  pentabromo-derivative  of  the  correct  melting  point, 
171°.  The  mother  liquors  deposited  a  substance,  melting  indefinitely 
between  135°  and  150°,  which  could  not  be  further  dealt  with  by  simple 
crystallisation. 

The  following  method  of  treating  the  red  solid  has  proved  the  most 
successful.  The  solid  was  extracted  four  or  five  times  with  small 
quantities  of  boiling  light  petroleum  (b.  p,  95°).  The  melting  point  of 
the  undissolved  residue  "gradually  rose  from  135 — 140°,  the  original 
melting  point,  to  160°.  This  residue  was  then  dissolved  in  a  mixture 
of  equal  volumes  of  benzene  and  petroleum,  from  which  solution 
the  pentabromoquinoneanil  separated  in  the  pure  state,  melting 
at  171°. 

2:4:  Q-TribromopIienyliininodihroriiohenzoquinone  {Pentahromo- 


HIGHLY  SUBSTITUTED  NiTROAMlNOBENZENES.      II.  151 

quinoneanil) ,  Br<^       ^•N!<Q       ^!0  (1),  crystallises  in  very  dark  red 

needles  with  a  bronze  lustre ;  these  needles  are  sometimes  aggregated 
in  stellate  clusters,  at  other  times  they  develop  into  well-formed  prisms. 
It  is  readily  soluble  in  chloroform,  acetone,  or  benzene,  and  very 
sparingly  so  in  acetic  acid,  alcohol,  or  petroleum.  It  is  best  crystal- 
lised from  petroleum  (b.  p.  120°)  or  from  a  mixture  of  benzene  and 
petroleum.     On  analysis  : 

0-1509  gave  0-1390  COg  and  O'OISO  H,0.     C  =  2.512;  H=M04. 

0-2107     „     0-3442  AgBr.     Br  =  69-35. 

0-3096     „     6-8  c.c.  moist  nitrogen  at  8-8°  and  748  mm.    N  =  2-625. 
CjgH^ONBrg   requires    0  =  24-92;  H  =  0-7;  N  =  2-43;  Br=:69a8  per 
cent. 

Pentabromoquinoneanil  can  be  hydrolysed  by  dissolving  in  excess  of 
concentrated  sulphuric  acid  or  by  boiling  with  a  30  per  cent,  solution 
of  sulphuric  acid  in  acetic  acid.  In  the  latter  catio,  a  few  minutes' 
boiling  is  necessary.  On  cautious  addition  of  water,  s-tribromo- 
aniline  separates  in  a  nearly  'pure  condition  ;  the  2  :  6-dibromobenzo-' 
quinone  can  be  extracted  from  the  diluted  mother  liquor  by  means  of 
chloroform  or  ether,  and  purified  by  crystallisation  from  dilute 
alcohol  J  it  crystallised  in  golden-yellow  plates  melting  at  122°, 
and  did  not  lower  the  melting  point  of  a  specimen  of  2  :  6-dibromo- 
quinone. 

2:4:  Q-Trihromophenyl-^' :  Q'-dibromo-i-hi/droxyphenylainine, 
Br  Br 

Br<^     y-NH-^"^-OH  {?). 

^r  bF 

— To  a  solution  of  the  pure  pentabromoquinoneanil  (m.  p.  171°)  in 
acetone  an  equal  weight  of  zinc  dust  was  added,  and  glacial  acetic  acid 
was  dropped  in  until  the  solution  became  colourless.  After  filtering, 
water  was  added,  when  a  white  solid,  melting  at  154°,  separated  ; 
from  its  hot  solution  in  petroleum  it  crystallised  in  clusters  of  long, 
silky  needles  melting  at  155 — 156°  : 

01931  gave  0-3130  AgBr.     Br  ==68-96. 

Ci2HyONBr5  requires  Br  =  68-94  per  cent. 

The  pentabromohydroxydiphenylamine  is  readily  soluble  in  chloro- 
form, benzene,  or  alcohol,  and  moderately  so  in  glacial  acetic  acid ;  in 
petroleum  it  is  but  sparingly  soluble.  Dilute  aqueous  sodium  hydroxide 
dissolves  it  freely. 

The   hydroxydiphenylamine   can   be   readily   reconverted   into   the 
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quinoneanil  by  oxidation  with  moi'cuiic  oxide  in  benzene  solution,  or 
by  chromic  acid  in  acetic  acid  sohition. 

2:4:  ^-TrihromophenTjliminotrihromohenzoquinone  {Ilexabromo- 

quinoneanil)      and      2:4:  ^-Trihromophenyltrihromo-i-hydroxyphenyl- 
Br  J3r 

amine,   Br^     ^-NICgHBralO  and  Br<^     N-NH-CgHBra-OII.— The 

^Br  iBr 

hexabromoquinoneanil  was  contained  in  the  peti'oleum  extracts  of  the 
original  red  solid.  On  recrystallising  the  material,  which  was  ob- 
tained on  evaporating  this  solution  from  petroleum,  a  substance  was 
oV)tained  melting  at  143 — 144°.  Further  reci'ystallisation  failed  to 
change  the  melting  point.  Analysis  showed  that  it  was  a  mixture  of 
the  penta-  and  hexa-bromoquinoneanils ;  thus,  bromine  was  found 
7061  and  70 "74  per  cent.,  whilst  the  pentabromo-derivative  requires 
69'18  and  the  hexabromo-dei'ivative  73'04.  A  separation  was  only 
effected  by  reducing  the  quinoneanils  to  the  corresponding  hydroxy- 
diphenylamines. 

This  reduction  was  carried  out  in  the  manner  above  described,  by 
zinc  dust  in  acetone  solution.  The  hydroxydiphenylamincs  were  pre- 
cipitated by  water  from  the  acetone  solution,  and  then  extracted  with 
small  quantities  of  hot  alcohol.  A  residue  was  left  which  melted  at 
195°;  recrystallisation  from  chloroform  or  glacial  acetic  acid  raised  the 
melting  point  to  207°.  Analysis  showed  that  this  was  the  pure 
hexabromohydroxydiphenylamine  : 

0-184  gave  0-1491  CO.^  and  0-0163  II^O.     C  =  22-l;  H  =  0-98. 

0-1935  gave  0-3304  AgBr.     Br  =  72-66. 
CigHj^ONBr^;  requires  0  =  21-86;  H  =  0-77;  Br  =  7282  per  cent. 

This  hexabromohydroxydiphenylamine  is  sparingly  soluble  in  all 
solvents  ;  it  crystallises  extremely  well  from  chloroform  in  long,  white, 
silky  needles,  and  from  glacial  acetic  acid  in  prisms.  It  dissolves 
freely  in  dilute  aqueous  sodium  hydroxide. 

The  alcoholic  extracts  of  the  mixture  of  liydroxydiphenylamines 
yielded  on  evaporation  a  somewhat  impure  pentabromohjdi-oxy- 
diphenylamine ;  it  was  oxidised  to  the  corresponding  quinoneanil 
which,  after  one  recrystallisation  from  petroleum,  melted  at  171°,  the 
melting  point  of  the  pentabromoquinoneanil. 

Hexabromoquinoneanil. — The  hexabromohydroxydiphenylamine  was 
converted  into  the  corresponding  quinoneanil  in  the  following 
manner.  0-75  gram  of  the  hydroxy-compound  was  suspended  in 
25  c.c.  of  pure  benzene  and  a  slight  excess  of  yellow  mercuric  oxide 
added.  On  warming  the  mixture,  the  hydroxydiphenylamine  slowly 
dissolved.  For  complete  oxidation  several  hours  wai^miug  is  required. 
On  the  other  hand  it  is  inadvisable  to  use  excess  of  mercuric  oxide,  as 
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other  changes  are  thereby  induced.     After  filtei'ing  the  solution,  the 
quinoneanil  is  obtained  in  deep  red,  six-sided  prisms  on  evaporation. 

This  oxidation  can  also  be  conveniently  carried  out  with  chromic  acid 
in  acetic  acid  solution.  Owing  to  the  insolubility  of  the  hydroxy- 
diphenylamine  a  large  volume  of  solvent  must  be  vised.  A  slight 
excess  of  chromic  acid  dissolved  in  acetic  acid  is  added  to  the 
solution  of  the  hydroxydiphenylamine,  the  temperature  being 
maintained  at  20 — 30*^ ;  a  higher  temperature  is  to  be  avoided.  Oa 
adding  water,  the  quinoneanil  crystallises  in  scarlet  needles. 

Hexabromoquinoneanil  is  more  readily  soluble  in  all  solvents  than 
the  pentabromo-derivative.  It  crystallises  in  prisms  when  its  solution 
in  cold  benzene  is  slowly  evaporated,  and  in  small  aggregates  of 
needles  from  its  solution  in  hot  petroleum.  It  is  remarkable  that  the 
latter  crystals  are  pale  red,  whilst  the  prisms  are  a  deep  port- wine 
colour.     The  compound  melts  at  134—135°  : 

0-15  gave  0-256  AgBr.     Br  =  72-61. 

CjgHgONBrQ  requires  Br  =  73-04  per  cent. 

The  authors  wish  to  take  this  opportunity  of  expressing  their 
thanks  to  the  British  Association  and  to  the  Chemical  Society  for 
grants  which  have  partly  defrayed  the  cost  of  this  research. 

University  College  of  North  Wales, 
Bangor. 


XV. — The  Affinity  Constants  of  Aminocarhoxylic  and 
Amijiosulplionic  Acids  as  determined  hy  the  aid  of 
Methyl-orange. 

By  Victor  Herbert  Veley. 

Introductory. 

In  a  former  paper  [Zeit.  physikal.  Chem.,  1906,  57,  147)  on  the  above 
subject  it  was  established  that  the  affinity  factors  of  organic  acids 
experimentally  found  by  a  tintometer  method  were  in  complete 
accordance  with  those  deduced  by  Ostwald  and  his  co-workers  by  the 
electric  conductivity  method,  in  accordance  with  the  well-known 
general  equation  : 

^(A;)  = «-/(!  -  a)V         a  =  /a//x  qq  (1) 

The  acids  formerly  investigated,  namely  the  carboxylic,  and  certain 
VOL.  XCI.  M 


154  VELEY  :  THE   AFFINITY   CONSTANTS   OF 

hydroxy-,  nitro-,  and  chloro- derivatives  of  the  aliphatic  and  aromatic 
series,  conformed  to  two  general  types,  expressible  by  the  equations  : 

J  jy='kx  (ia) 

(  y  ^Tcx  —  b  (ih) 

II.     log^  =  log^  +  X  loga  (ii) 

namely  those  of  straight  lines  and  logarithmic  curves. 

In  the  above  equations  y  is  the  variable  height  of  a  column  of  a 
methyl-orange  solution,  x  unit  masses  or  volumes  of  acids  added  to  a 
lixed  similar  column  of  the  same  methyl-orange  solution,  k  the  affinity 
factor.  The  constant  h  in  equation  {ih)  depends  on  the  conditions  of  each 
set  of  observations,  and  the  constant  o:  in  equation  (ii)  is  the  number  of 
unit  masses  of  acid  added  less  one.  In  the  present  communication  this 
simple  line  of  investigation  is  extended  more  particularly  to  the 
amiuocarboxylic  acids,  generally  regarded  as  true  amphoteric  electro- 
lytes, and  the  aminosulphonic  acids,  a  class  of  substances  somewhat 
neglected  from  the  physico-chemical  standpoint,  although  herein  of 
more  importance,  as  the  indicator  methyl-orange  belongs  to  them. 

Method  of  Experiment. — This  was  precisely  similar  to  that  previously 
described,  and  consisted  in  adding  successive  portions  of  0"1  c.c.  of  the 
several  acid  solutions  to  20  c.c.  of  a  ^^740,000  methyl-orange  solution 
contained  in  one  tube  of  a  tintometer,  and  varying  the  height  of  a 
column  of  the  same  solution  contained  in  the  other  tube  of  the  tinto- 
meter until  the  colour  tints  were  equally  matched.  Improvements  in 
the  method  of  working  might  doubtless  have  been  introduced,  but  as 
the  investigation  had  been  commenced  somewhat  hurriedly  for  the 
Sixth  International  Congress  of  Applied  Chemistry  at  Rome,  it  was 
thought  best  to  continue  the  work  on  the  previous  simple  lines. 
Greater  accuracy  might  have  resulted  fi'om  such  improvements,  such 
as  a  reduction  of  error  from  5  to  3  per  cent,  or  even  less.  However 
that  may  be,  the  results  herein  detailed  conform  in  evei-y  way  to  those 
obtained  in  the  past  work,  and  even  though  the  experimental  error 
may  be  regarded  as  excessive,  yet  it  is  not  greater  than  those  deduced 
from  electric  conductivity  experiments,  wherein  observational  errors  of 
a  first  power  magnitude  become,  by  the  process  of  calculation,  of  a 
second  power  magnitude.  It  will  be  understood  that  if  0"1  c.c.  of  a 
.x/iV-solution  of  an  acid  is  added  to  20  c.c.  of  the  standard  methyl- 
orange  solution,  the  concentration  at  the  first  observation  is  xj2Q(iN, 

200 
and   at    the    nth.    observation   is   xj ~^\^.     The  reciprocals   of    these 

numbers,  designated  V,  are  expressed  in  equivalent  acidic  and  not  in 
molecular  concentrations. 

Samples  of  Acids. — Some  of  the  samples  were  purchased  from  well- 
known  firms  specially  for  the  investigation;  others  were  kindly  supplied 
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from  the  laboratory  collections  of  the  University  of  Oxford  and  of  Mag- 
dalen College,  and  by  individual  friends,  I  have  to  express  my  obliga- 
tions for  kindness  shown,  and  herein  especially  to  the  Directors  of  the 
Badische  Anilin-  und  Soda-Fabrik,  who  kindly  presented  me  with  a 
collection  of  aniline-  and  naphthylamine-sulphonic  acids ;  my  only 
regret  is  that  some  of  the  acids  were  found,  owing  to  their  sparing 
solubility,  to  be  not  very  suitable  for  the  purpose  of  the  investigation ^ 

Aminocarhoxjjlic  Acids — AmpJioteric  Electrolytes. 

Within  the  last  few  years  especial  attention  has  been  paid  to  this 
class  of  substances ;  it  is  only  necessary  to  refer  to  the  work  of 
Winkelblech  {Zeit.  physikal.  Chem.,  1901,  36,  546),  Bredig  {Zeit. 
Elektrochem.,  1899,  6,  34),  and  Walker  {Proc.  Roy.  Soc,  1904,  73,  155, 
and  1904,74,  271)  on  the  amino-acids  (aliphatic  and  aromatic),  and 
of  Johnson  {Proc.  Roy.  Soc,  1906,  78,  82  et  seq.)  and  others  on  the 
methyl  derivatives  of  the  latter.  (The  special  case  of  cacodylic  acid, 
classed  with  the  amphoteric  electrolytes,  will  be  considered  separately.) 
In  the  above-mentioned  investigations  both  the  acidic  and  basic  con- 
stants have  been  determined  by  various  methods  ;  in  the  present  work 
only  the  former  are  studied,  either  as  regards  the  acids  themselves  or 
their  hydrochlorides. 

Aliphatic  Aminocarboxylic  Acids. — Aminoacetic  acid  (glycine),  a 
sample  of  which  was  originally  purchased  from  KahlbauQi  and  re- 
crystallised  subsequently,  gave  no  acid  reaction,  even  with  a  solution  of 
original  concentration  iVyiO  (compare  Imbert  and  Astruc,  Compt.  rend., 
1900,130,  37);  aminopropionic  acid  (alanine),  originally  j^urchased 
from  Schuchardt,  gave  under  the  same  conditions  an  acidity  change  too 
faint  for  accurate  measurement ;  hydroxyphenylaminopropionic  acid 
(tyrosine)  also  gave  no  reaction  with  a  concentration  approximately 
JV/50,  namely,  at  about  the  limit  of  its  solubility  in  warm  water. 
Thus,  as  regards  their  reaction  with  methyl-orange,  the  acidic  and 
basic  constants  compensate  one  another. 

Hydrochlorides  of  the  above  Acids. — As  preliminary  experiments 
showed  that  these  substances  reacted  with  methyl-orange,  mainly  as 
hydrochloric  acid,  the  aminocarboxylic  acid  only  producing  a  slight 
positive  or  negative  effect  according  to  its  specific  nature,  results  were 
obtained  with  hydrochloric  acid  itself  for  the  purpose  of  comparison. 

Hydrochloric  Acid. — A  standard  solution,  iV/10,  of  this  acid  was 
prepared  and  its  value  ascertained  by  standard  alkali ;  this  solution 
was  diluted  to  concentrations  i\^/400,  A/300,  and  A7200  respectively. 
The  results  obtained  are  given  in  Table  I ;  F  is  the  equivalent  con- 
centrations at  the  first  observation,  x  the  units  of  O'l  c.c.  added  {V/x 
being  the  corresponding  equivalent  concenti-ations),  and  y  the  heights 

M  2 
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of  the  variable  tintometer  column  expressed  in  centimetres.  (In 
successive  tables  the  x  column  will  be  omitted  and  taken  to  be  under- 
stood.) 

Table  I. 


r=8x 

10^. 

v= 

6x 

10^ 

r=4x 

101 

X. 

y  (found). 

y  (calc). 

y 

(loiuid). 

y  (calc). 

y 

(found). 

{y  t-alc.) 

1 

0-6^ 

— 

0-91 

— 

1-35) 

— 

2 

1-2 

— 

2-4  I 

— 

2-85/ 

— 

3 

2-1  " 

— 

4 -2/ 

— - 

5-1 

5-2 

4 

3-9 

— 

8-3 

8-3 

8-4 

8-3 

5 

5-1 

5-1 

10-5 

10-7 

11-4 

11-4 

6 

6-6 

6-6 

12-9 

13-1 

14-4 

14-5 

7 

8-4 

8-1 

15-6 

15-5 

17-7 

17-6 

8 

10-2 

9-6 

18-0 

17-9 

21-0 

20-7 

9 

11-4 

ll-l 

20-9 

20-3 

24-0 

23-8 

10 

12-9 

12-6 

— 

— 

26-7 

26-9 

11 

14-1 

14-1 

— 

— 

— 

— 

12 

15-3 

15-6 

— 

— 

— 

— 

If  the  i^esults  are  set  out  graphically  it  appears  that  the  first  few 
observations  (as  bracketed)  lie  on  a  logarithmic  curve,  which  does  not 
pass  through  the  origin  of  co-ordinates,  but  has  the  x  axis  as  an 
asymptote  (see  I,  Fig.  1,  for  series  III).  The  remaining  observa- 
tions lie  on  sti'aight  lines  of  general  equation  y  —  hc  —  h  (cf.  supra), 
the  constants  of  which  are  for  series  I  ^=  1*5,  b  =  2'i,  for  series  II 
k  =  2'i,  6=1*3,  for  series  III  k  =  ^'\,  6  =  4*1.  The  constants  k  are 
thus  in  the  i-atios  1*5  :  2*4  :  3*1,  whei-eas  if  referred  to  their  original 
concentrations  and  expressed  in  terms  of  the  first  of  them,  taken  as 
correct  the  ratios  are  1'5  :  2'25  :  3'0.  On  comparing  the  found  values 
of  y  with  those  calculated  from  the  general  equation,  substituting  the 
second  constants,  it  is  evident  that,  with  one  or  two  exceptions,  the 
differences  are  well  within  the  5  per  cent,  admitted  limit. 

In  no  case  was  the  reaction  pushed  to  its  extreme  limit,  as  it  has 
been  fovind  previously  that  the  red  ion  of  methyl-orange  formed  by 
addition  of  excess  of  mineral  acid  could  not  be  matched  by  a  variable 
column  of  methyl-orange  solution,  which  contains  only  the  orange  or 
orange-red  ion.  As  regards  the  curved  portion  the  equations  to  the 
logarithmic  curves  are,  so  far  as  they  can  be  determined  by  obser- 
vations, few  in  number;  for  series  I  ?/  =  (0'23)2^^,  for  series  II 
y  =  (0'525)2^',  for  series  III  y  =  (0-65)2-^.  The  curved  portion  corresponds 
to  some  induction  period  ;  it  may  be  idle  to  speculate  on  the  matter,  but 
a  possible  cause  is  the  presence  of  ammoniacal  compounds  in  the  water 
used  which  set  up  an  opposing  reaction  to  the  methyl-orange.  In  a 
former  paper  {Proc.  Roy.  Soc,  1901,  69,  87)  attention  has  been  drawn 
to  the  persistent  retention  of  some  ammoniacal  compound  or  compounds 
in  distilled  water,  and  more  recently  Burgess  and  Chapman  (Trans., 
1906,  89,  1414  et  seq.)  have  found  the  Avell-known  induction  period  of 
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hydrogen  and  chlorine  to  be  caused,  inter  alia,  by  the  presence  of 
ammonia  or  more  probably  complex  ammoniacal  compounds,  albumin- 
oses  or  the  like.  However  this  may  be,  since  this  induction  period 
appeared  in  so  many  series  of  observations  herein  recorded,  it  is  prob- 
ably due  to  some  common  cause. 

Glycine    Hydrochloride. — A    beautiful  crystallint    specimen   of   this 
substance  was  presented  to  me  by  Mr.  J.  E.  Marsh,  F.Pv,.S.  ;  some  of 

Fig.  1. 


-  Note  as  to  Plates. — The  ordiiiates  represent  the  heights  in  centimetres  of  the 
variable  methyl -orange  column,  the  abscissfe  the  unit  masses,  or  volumes  of  the  acids 
added  ;  the  origin  is  shifted  for  the  Graplis  II  and  III  (Fig.  I),  and  for  II  (Fig. 
II),  for  the  better  comparison  and  to  avoid  overlapping. 

the  crystals  being  of  dimensions  14x8  mm.  Mr.  T.  V.  Barker, 
B.A.,  B.Sc,  of  the  Mineralogical  Department,  Oxford,  was  kind  enough 
to  ascertain  that  the  crystallographic  axes  and  forms  of  the  specimen, 
namely,  orthorhomic,  1  : 1'llOS  :  0-0309  ;  forms,  a  P,  cc  Pg,  xPcc, 
Poc  ,  -^Poc  ;  P;  hemihedral ;  cleavage  perfect,  IPAPoc  ,  were  identical 
with  those  given  by  Schwabus  in  a  somewhat  obscure  publication 
(Vienna,  1855),  partly  reproduced  in  Jahresher.,  1854,  676. 
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Two  solutions  of  i\7150  and  ^/200  concentration  respectively  were 
made  np,  which  gave  the  results  set  ovit  in  Table  II. 


T 

ABLE 

II 

v= 

4x 

]0^. 

V^ 

=  3x 

10^. 

y  (founcl). 

y  (calc). 

y  (iouiid). 

y 

(calc. 

0-31 

— 

1-2| 
2-8/ 

— 

1-2  I 

— 

2-8 

2-6) 

— 

6-3 

6-3 

4-1 

4-0 

10-3 

9-9 

6-3 

6-8 

13-5 

13-5 

9-3 

9-6 

16-8 

17-1 

12-3 

12-4 

19-8 

207 

15-2 

15-2 

— 

— 

18-0 

18-0 

— 

— 

20-4 

20-8 

— 

— 

The  results  obtained  are  similar  to  those  obtained  from  hydrochloric 
acid,  the  first  few  observations  being  upon  a  logarithmic  curve,  the 
remainder  on  a  straight  line  y  —  kx-h  (compare  I,  Fig.  2,  for 
series  I).  The  values  in  the  second  and  fourth  columns  are  calculated 
by  introducing  constants  ^  =  3-6,  6  =  4-5,  and  ^  =  2-8,  6  =  7*2.  The 
constants  k  are  in  the  ratio  2'8  :  3"6,  whereas  if  referred  to  original 
concentrations  the  ratio  is  2-8:3'7,  a  difference  within  experimental 
error.  The  equations  to  the  logarithmic  curves  are  ?/  =  (0-3)2'*^  and 
2/ =  (0-75)2*,  so  far  as  it  is  possible  to  ascertain  them. 

Alanine  Hydrochloride. — This  substance  was  prepared  by  dissolving 
aminopropionic  acid  in  such  a  volume  of  concentrated  hydrochloi'ic 
acid  that  the  latter  contained  a  slight  excess  of  that  required  for 
equimolecular  combination.  The  solution  was  spontaneously  evaporated, 
the  crystalline  residue  washed  with  absolute  alcohol,  redissolved  in 
water,  and  the  solution  spontaneously  evaporated  over  sulphuric  acid. 
The  crystalline  magma  was  dried  on  a  porous  tile,  and  the  minute 
crystals,  owing  to  their  deliquescent  nature,  dissolved  as  quickly  as 
possible  in  the  required  quantity  of  water. 

Only  one  set  of  expei'iments  was  conducted  with  this  substance,  as 
unfortunately  within  twenty-four  hours  of  the  preparation  of  an 
original  solution  a  hypomycete  had  made  a  considerable  growth 
therein.* 

*  Thougli  wholly  foreign  to  the  present  inquiiy,  yet  it  may  be  worthy  of  mention 
that  these  hydrochlorides  of  the  amino- acids  were  found,  from  sad  experience,  to  be 
most  convenient  media  for  the  growth  of  snch  micro-organisms,  doubtless  as  sup- 
plying carbon,  amino-nitrogcn,  and  chlorine  ;  so  far  as  I  am  aware  the  introduction 
of  these  substances  in  culture  media  has  not  been  tried. 
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Table  III. 


v= 

=  4x 

10^. 

y  (found). 

v/(calc.). 

0-6) 

— 

1-8/ 

— 

4-2 

4-1 

7-5 

7-4 

F=4xl0^. 


y  (found). 
10-8 
14-1 
17-3 
20-4 


y  (calc. 
10-7 
14-0 
17-3 
20 -6 


The  figures  in  the  second  column  are  calculated  from  the  equation 
y  =  Jcx-b,  k-=o-3,  6  =  5-83  the  results  on  the  curved  portion  can  be 
expressed  by  an  equation  y=={0-5)x-. 


Fig.  2. 
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The  behaviour  of  alanine  hydrochloride  is  thus  precisely  similar  to 
glycine  hydrochloride. 

Betaine  Hydrochloride.— A  sample  of  this  substance  was  pur- 
chased from  the  Aktien-Gesellschaft  flir  Anilin  Fabrikation,  Berlin, 
under  the  name  of  "Acidol,"  being  a  preparation  for  the  internal 
administration  of  hydrochloric  acid  in  a  convenient  form  for  certain 
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gastric  complaints.  The  preparation  was  recrystallised  from  cold 
water  by  spontaneous  evaporation  and  its  chlorine  contents  determined 
by  the  Volhard  method  : 

Found,  CI  =  23-09.     Calculated,  CI  =  23-1  per  cent. 

Solutions  of  original  concentration  iV/400,  lij'dOO,  and  i\720O,  being 
cquimolecular  to  those  of  hydrochloric  acid  (compare  supra),  were  made 
up,  and  gave  the  results  set  out  in  Table  IV. 


Table  IY. 

V=8x 

10^. 

r=6x 

10*. 

r=4 

xlO 

I 

[fuuiul). 

y  (call'.) 

y  (found). 

2/(ca!c.). 

y  (Found). 

y 

(calc. 

0-9\ 
1-5/ 

— 

0-6) 

— 

0-6^ 

— 

— 

1-2/ 

— 

1-5/ 

— 

2-7 

2-7 

3-0 

2-9 

31 

2-8 

4-2 

4-2 

4-9 

4-7 

5-9 

5-8 

5-6 

5-7 

7-2 

7-1 

9-0 

8-8 

7-2 

7-2 

9-0 

9-2 

12-0 

11-8 

8-7 

8-7 

11-1 

11-3 

14-7 

14-8 

10-2 

10-2 

13-2 

13-4 

17-4 
20-4 

17-8 
20-8 

The  numbers  in  the  second,  fourth,  and  sixth  columns  are  calculated 
from  the  straight  line  equation,  the  values  of  k  being  taken  as 
1'5,  2'1,  and  3,  and  those  of  b  as  1'8,  3 '4,  and  6  2  respectively  (compare 
I,  Fig.  1,  for  series  III). 

Tyrosine  Hydrochloride. — This  substance  was  prepared  according  to 
the  directions  of  Erlenmeyer  and  Lipp,  and  obtained  in  tufts  of  hard, 
glistening  prisms.  As  it  was  further  found,  in  accordance  with  the 
observations  of  these  authors,  that  when  excess  of  water  is  added  to 
such  crystals,  tyrosine  separates  out,  leaving  a  small  portion,  if  any,  of 
the  salt  dissolved  in  water,  it  was  not  possible  to  conduct  any  observa- 
tions with  methyl-orange  solution. 

General  Conclusions. — In  the  following  table  the  values  of  k  for 
solutions  of  the  same  equivalent  concentration  are  put  together  for  the 
purpose  of  better  comparison. 

Table  V. 

r=8x'io^.     r=6xio      r=4xio^.     f=3xio*. 

Hydrochloric  acid    TS  2-4  3'1  — 

Glycine  hydrocliloride...  —  —  2*8  3 "6 

Alanine  hydrochloride ..  —  —  3 '3  — 

Betaine  hydrochloride...  1*5  2'1  3*0  — 

Neglecting  the  result  of  alanine  hydrochloride  as  possibly  too  high 
owing  to  the  diflSculty  of  obtaining  this  substance  in  a  state  of  purity, 
the  results  of  the  remaining  hydrochlorides  of  the  amino-acids  are  very 
approximately  equal  to  those  of  hydrochloric  acid. 
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It  would  therefore  appear  that  either  (i)  these  hydrochlorides  are 
hydrolysed  completely,  or  nearly  so,  into  the  amino-acids  and  hydro- 
chloric acid,  or  (ii)  the  methyl-orange,  as  a  disturbing  factor,  nearly 
completely  displaces  the  former  from  the  latter. 

The  first  hypothesis  would  seem  at  first  sight  to  be  in  opposition  to 
the  experimental  evidence  of  Bredig  {loc.  cit.)  and  Walker  {loc.  cit.),  who 
found  such  hydrolysis  to  be  partial  and  not  complete. 

But  the  concentrations  in  the  different  methods  of  inquiry  were 
widely  different ;  the  most  dilute  solution  used  by  the  above  observers 
equals  F=  1024  (approximately  10^),  whereas  the  most  concentrated 
solution  in  my  experiments  equals  F=  3  x  10*,  or  thirty  times  more 
dilute.  Thus  the  discrepancy  may  only  be  apparent  and  not  real ; 
further  electric  conductivity  measurements  with  such  dilute  solutions 
could  only  solve  the  question. 

The  second  hypothesis  would  involve  the  complete  displacement  of 
an  aminosulphonic  by  an  aminocarboxylic  acid,  although  all  results 
show  that  the  former  are  more  acidic  and  not  more  basic  than  the 
latter. 

Aspartic  Acid. — A  sample  of  this  acid  was  purchased  from  Kahlbaum 
and  purified  by  recrystallisation. 

The  following  results  were  obtained  : 


Table  VI-. 

V=  4  X  10^. 

r=3xio^ 

r=2xio 

0-3  1 

0-61 

1-5) 

0-6    \ 

1-2  I 

3-0/ 

1-05  J 

2-4j 

5-1 

2-25 

4-2 

7-8 

3-9 

6-3 

11-1 

5-55 

8-1 

147 

The  above  results,  though  few  in  number  as  the  reaction  is  soon 
complete,  are  similar  in  type  to  those  of  hydrochloric  acid,  in  that  the 
first  few  observations  are  in  accordance  with  the  logarithmic  expression 
^ogy  =  k  +  x\ogci,  the  remainder  with  the  straight  line  expression 
y  =  kx-  b,  the  values  for  k  being  1'6,  2"0,  and  3'1  respectively. 

It  appears  remarkable  that,  firstly,  aspartic  acid,  an  amino- 
carboxylic acid,  should  behave  as  a  strong  mineral  acid,  and  secondly, 
though  the  values  of  the  initial  period  are  less  than  those  of  succinic 
acid  for  the  same  concentration,  yet  in  the  corresponding  straight  line 
periods  the  value  ^  =  1  "7  of  the  former  should  be  approximately  three 
times  greater  than  that  of  the  latter,  A;  =  0'6. 

Aspartic  acid  has  been  studied  by  P.  Walden  (Zeit.  physikal.  Chem., 
1891,  8,  481)  by  the  electric  conductivity  method,  who  found  that  as 
the  values  of  V  were  increased  in  geometrical  proportion,  the  values  of 
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k,  instead  of  being  constant,  increased  approximately  in  arithmetical 
proportion,  and  also  that  the  value  of  k  for  solutions  of  the  same  con- 
centration wei'e  greater  than  those  of  succinic  acid.  This  author 
obtained  the  following:  i-esults. 


V. 

K=kxW. 

Differences 

32 

0-0067 

— 

64 

0-0079 

12 

128 

0-0094 

15 

256 

0-0109 

15 

512 

0-0122 

13 

1024 

0-0137 

15 

The  above  results  are  expressible  by  a  general  formula,  ^  =  «  +  61ogF, 
or  actually  A; -  0-0067  +  (0-0014/log2)  logT. 

Although  it  seems  hardly  possible  to  accept  the  hypothesis  of 
Walden  that    this   result    is  conditioned    by    the    formation    of    an 

NH 

inner   anhydride,    COoH'CH2'CH<^  '      ,    as    this    would,    from    the 

analogy  of  betaines,  increase  the  basic  function  ;  although  also  the 
abnormality  of  this  acid  might  be  due  to  the  presence  of  an 
asymmetrical  carbon  atom  associated  with  groupings  which  could  not 
compensate  one  another,  yet  it  is  a  matter  of  special  interest  that  the 
results  obtained  by  the  methyl-orange  tintometer  method  proceed 
on  parallel  lines  to  those  obtained  by  the  electric  conductivity 
telephone  method, 

Cacodylic  Acid,  (0113)2 AsO(OH). — This  acid  is  here  introduced  as 
intermediate  as  regards  its  acidic  function  between  the  amino- 
carboxylic  acids  of  the  aliphatic  and  those  of  the  aromatic  series. 

During  the  past  few  years  considerable  discussion  has  taken  place 
as  to  whether  this  acid  can  be  truly  classed  among  amphoteric 
electrolytes;  the  literature  has  been  collated  by  Johnson  {Ber.,  1903, 
37,  3625).  It  was  shown  by  Imbert  {Com2it.  rend.,  1899,  129,  1244) 
that  this  acid  is  neutral  towards  alkalis  with  methyl-orange  as  an 
indicator,  but  it  behaves  as  a  monobasic  acid  with  phenolphthalein  as 
indicator,  an  observation  confirmed  by  Zawidski  {Ber.,  1904,  36, 
3325).  On  the  other  hand,  the  values  of  k  by  the  electric  conductivity 
method  obtained  by  different  observers,  although  not  concordant  among 
themselves,  nor  even  concordant  with  the  same  observer  for  different 
concentrations,  yet  so  far  agi-ee  in  showing  that  the  value  is  of  an 
order  corresponding  to  that  of  a  true  amphoteric  electrolyte  ;  this 
result  is  also  confirmed  by  independent  observations  by  the  hydrolysis 
method. 

It  seemed,  therefore,  of  interest  to  study  the  behaviour  of  this 
acid  by  the  methyl-orange  hiethod  notwithstanding  the  above  state- 
ment of  Imbert,  who,  apparently,  used  the  indicator  according  to  the 
usual  practice  of  volumetric  analysis. 
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As  the  sample,  purchased  from  Kahlbaum,  was  in  the  form  of  well- 
developed  crystals,  it  was  considered  unnecessary  to  purify  it  further. 

The  following  series  of  observations  were  made,  of  which  two  were 
conducted  at  one  time  with  solutions  from  one  stock,  and  the  third 
after  the  interval  of  some  weeks  from  another  stock. 

Table    VII. 


F=2xlO^ 

r- 

=  1  X  103. 

r. 

=  5x103. 

0-75 

1-5 

3 

1-5 

3-3 

6 

2-25 

4-8 

9-1 

3-0 

6-3 

11-9 

3-75 

7-5 

— 

4-5 

— 

— ^ 

It  will  be  readily  apparent  that  the  results  are  all  in  accordance 
with  the  straight  line  formula  y  =  hv,  the  values  of  k  being  3,  l'55j 
and  0'75  respectively,  namely,  in  the  same  ratio  as  their  concentra- 
tions 4:2:1,  and  also  by  this  method  of  experiment  cacodylic  acid  has 
a  higher  acidity  value  than  the  aminocarboxylic  acids  of  the  aliphatic 
series,  which  gave  no  appreciable  reaction  with  dilution  v  =  2xlO^, 
but  a  lower  value  than  the  corresponding  acids  of  the  aromatic  series 
(see  below).  Cacodylic  acid  would  therefore  be  rightly  classed  among 
true  amphoteric  electrolytes, 

Aminocarboxi/Uc  Acids  (Aromatic), 

Aminobenzoic  Acids. — As  regards  the  reactions  of  these  acids  with 
methyl-orange,  Imbert  and  Astruc  (loc.  cit.)  observed  that  the  1  :  2- 
and  1  :  3-acids  are  scarcely  neutral,  but  the  1  :  4-acid  is  sensibly  acid. 

All  three  isomerides  were  investigated ;  two  of  them  the  1  ;  3-  and 
1  :  4-acids  were  laboratory  preparations,  the  third  or  1  : 2-acid  was 
purchased  from  Kahlbaum ;  all  were  purified  by  recrystallisation. 

It  was  found  that  these  acids  differed  from  the  aminoacetic  acids  in 
possessing  a  distinct  acid  function,  although  the  reaction  soon  came  to 
an  end.     The  following  results  were  obtained  : 


Acid. 
1  :2 

1  :3 

1  :4 


Table 

YIII. 

r:=ixios 

F-- 

=  2x10^ 

F^ixlOi 

i 

3  1 

1-65 

0-85 

6-2 

3-30 

1-7 

— 

— 

2-53 

3-6 

I'S 

0-9 

7-2 

3-6 

rs 

— 

5-4 

2-7 

— 

2-2 

1-2 

— 

4-6 

2-4 

— 

6-5 

3-6 
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The  above  results,  though  few  in  number  on  account  of  the  nature 
of  the  case,  are  all  in  accordance  with  the  straight  line  formula 
y^hx,  the  values  being  the  highest  for  the  1  :  4-  and  lowest  for  the 
1  :  2-acid, 

The  results  are  in  general  accordance,  not  only  with  the  qualitative 
observations  of  Imbert  and  Astruc,  but  also  with  the  conductivity- 
measurements  of  Ostwald  and  Winkelblech,  which  have  recently  been 
discussed  by  Walker  in  connexion  with  his  theory  of  amphoteric 
electrolytes.  It  may  be  of  interest  to  compare  the  conductivity 
results  of  Winkelblech  as  set  forth  by  Walker,  and  my  I'esults  at  the 
greatest  dilutions  only  in  each  case  : 


Table  IX. 

Winkelblech. 

Veley, 

Acid. 

A'oxl05(r=1024). 

K(V=^xW) 

1  :2 

0-96 

0-85 

1  :  3 

1-07 

0-90 

1  :4 

1-17 

1-2 

The  magnitudes  are  of  a  precisely  similar  order,  the  variations  from 
a  strict  arithmetical  ratio  being  such  as  might  be  expected  by  the 
application  of  methods  so  widely  different. 

Oxanilic  Acid. — This  acid  may  conveniently  be  considered  here  ;  the 
sample  used  was  a  laboratory  preparation,  which  was  purified  by  re- 
crystallisation.  The  following  results  were  obtained,  and  in  the  table 
the  top  figures  in  the  third  and  fourth  columns  follow  on  from  the 
bottom  figure  in  the  first  and  second  columns  respectively: 


Table  X. 

F=4xl0*. 

I. 

II. 

III. 

IV. 

ound. 

Calc. 

Found. 

Calc 

1-5 

1-5 

10-S 

10-5 

2-9 

3-0 

12-3 

12-0 

4-5 

4-5 

13-8 

13-5 

6-0 

6-0 

15-6 

15-0 

7-4 

7-5 

17-7 

16-5 

9-0 

9-0 

19-8 

18-0 

The  values  given  in  the  second  and  fourth  column  are  calculated 
from  the  straight  line  foniiula  y='kx  {k=\'^);  it  will  be  observed 
that  although  at  first  the  difference  y' —  ?/  is  constant,  namely,  1"5,  yet 
towards  the  end  there  is  a  marked  tendency  for  this  difference  to 
increase.  Its  behaviour  is  quite  analogous  to  that  of  other  acids, 
which  likewise  show  an  increase  of  electric  conductivity  factor  (<^)^ 
with  increase  of  dilution. 

Saccharin  (Benzoicsulphinimide). — Although   this  substance  is  not 
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strictly  an  acid,  but  an  imide,  yet  as  it  has  been  shown  that  it 
resembles  acids  in  accelerating  the  decomposition  of  ammonium  nitrite 
(Trans.,  1903,  83,  747),  being  probably  converted  into  the  corresponding 
acid,  SOgH'CgH^'OO'NHg,  on  hydrolysis  (a  reaction  which  takes  place 
on  the  digestive  tract),  it  was  thought  worthy  of  interest  to  study  its 
behaviour  as  containing  a  sulphonic  and  carboxylic  grouping. 

The    sample,   originally    purchased    from    Merck,    was    purified    by 
recrystallisation,  and  the  results  obtained  wei'e  as  follows  : 


Table 

XI. 

V= 

:8x 

10^. 

r= 

=  4x 

lo-". 

y  (found). 

y  (calc). 

y  (found). 

y 

(calc). 

1-2 

1-7 

2-6 

2-7 

2-7 

2-7 

5-4 

5-4 

4-0 

4-1 

10  9 

10-8 

5-4 

5-4 

>j 

3> 

7-8 

7-6 

j> 

10-8 

10-8 

>> 

S> 

In  both  cases  the  values  of  y  are  calculated  from  the  logarithmic 
equation  \ogy  =  \ogk  +  x\oga,  in  which  the  values  of  k  are  1"9  and 
2"7,  and  of  a  are  1'41  and  20  respectively. 

It  would  appear  from  the  above  results  that  saccharin  on  hydrolysis 
gives  an  acid  with  a  sulphonic  and  not  a  carboxylic  grouping,  since 
towards  methyl-orange  it  behaves  when  in  solution  as  an  acid  of  high 
acidic  function,  resembling  formic  and  oxalic  acids. 

Amino sul2jhonic  Acids. 

Hitherto  the  afla.nity  constants  of  these  substances  has  been  deter- 
mined mainly  by  the  electric  conductivity  method,  partly  by  Ostwald 
{Zeit.  physikal.  Chem.,  1889,  3,  406  et  seq.),  and  more  fully  by 
Ebersbach  {ibid.,  1893,  11,  608),  and  it  has  been  shown  generally 
that  the  magnitudes  of  these  constants  ai-e  of  a  higher  order  than  the 
aminocarboxylic  acids ;  the  aminosulphonic  acids  are  nob  therefore 
usually  classed  among  the  true  amphoteric  electrolytes,  from  which 
they  differ  in  other  important  respects. 

Anilinemonosuljihoiiic  Acids. — Two  out  of  the  three  isomeric  modi- 
fications were  investigated,  namely,  the  1:4  or  sulphanilic  acid  (two 
specimens,  one  a  laboratory  sample,  and  the  other  purchased  from 
Kahlbaum),  both  of  which  were  purified  by  recrystallisation,  and  the 
1:3  or  metanilic  acid,  supplied  by  the  Badische  Anilin-  und  Soda- 
Fabrik,  also  recrystallised. 

Metanilic  Acid. — The  following  results  were  obtained  : 
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Table 

XII. 

=  4x10-'. 

r=2xio-'. 

r  =  4xl0-' 

1-95 

3-8 

7-4 

3-8     * 

8-0 

9  0 

5-7 

12-0 

10-8 

F=2xl0^ 
16-3 

20-8 


The  results  in  both  cases  are  in  accoi'dance  with  the  straight  line 
expression  y  =  kx,  the  values  of  k  being  1'85  and  4  respectively,  the 
ratio  of  the  numbers  being  that  of  their  concentrations  within  the 
5  per  cent,  error. 

Sulphanilic  Acid. 

As  the  two  samples,  alluded  to  above,  gave  identical  results,  those 
obtained  from  one  only  of  them  are  given  : 


Table 

XIII. 

V. 

=  8x10^. 

V-- 

=  4x 

10^ 

y  (I'ound). 

y  (falc). 

y  (found). 

y  (calc.) 

0-6 

1-05 

1-2 

1-65 

1-5 

1-5 

3-2 

3-3 

2-3 

2-2 

6-6 

6-6 

3-3 

3-2 

13-2 

13-2 

4-9 

4-6 

J) 

J) 

6-7 

6-7 

it 

>) 

9-3 

9-6 

5> 

,, 

13 -8 

13-9 

j» 

The  results  given  in  the  second  and  fourth  columns  are  calculated 
from  the  logarithmic  expression  log?/  =  log7(;  +  a;loga,  the  values  for 
k  being  taken  as  TOS  and  1'65  and  of  a  1"45  and  2  0  respectively.  It 
appears  remarkable  that  of  these  isomerides  one  should  conform  to  the 
straight  line  and  the  other  to  the  logarithmic  expression ;  the  results 
for  the  same  concentration  are  set  out  graphically  in  curve  II  (figs.  1 
and  2).  Ostwald  (Joe.  cit.)  found  that  both  the  1  : 3-  and  1  : 4-acids  gave 
regular  results,  although  the  value  of  k  for  the  former  was  about  three 
times  greater  than  for  the  latter  (actually  0'0581  :0"0l8l).  However 
this  may  be,  it  will  be  shown  in  the  sequel  that  such  a  difference  in 
behaviour  of  isomeric  aminosulphouic  acids  is  not  unique. 

Anilinedisulphonic  Acids. — Only  one  of  the  possible  isomeric  modifi- 
cations was  investigated,  namely,  the  1:2: 4-acid,  supplied  by  the 
Badische  Anilin-  und  Soda-Fabrik.  The  sample  was  purified  by 
dissolving  in  hot  water,  filtering  through  animal  charcoal,  crystallising, 
and  drying  the  crystals  on  a  porous  tile ;  in  this  way  a  white 
specimen  was  obtained.  As  a  sufficiently  marked  reaction  was  not 
produced  with  A7IOO  original  solution  (F  being  thereby  1  x  10*),  a 
solution  which  gave  r=0"75  x  10*  was  used,  and  the  following  results 
were  obtained  : 
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Table  XIV. 

v= 

r0-75xl0*. 

y  (found) 

y  (calc). 

1-5 

1-5 

3-2 

3-0 

6-3 

6-0 

11-9 

12-0 

The  values  given  in  the  second  column  are  calculated  from  the 
formula  logy  =  log^  +  ccloga  {k=l'5,  a  =  2).  It  is  evident  that  the 
introduction  of  a  second  SO3H  grouping  into  the  1  : 4-anilinesulphonic 
acid  decreases  rather  than  increases  the  affinity  constant  or  acidic 
function. 

As  the  same  conclusion  is  arrived  at,  not  only  by  electric  conductivity 
results,  but  also  by  my  results  to.be  described  in  the  sequel,  it  will 
not  be  necessary  to  consider  further  a  matter  so  contrary  to  previously 
formed  conceptions. 

The  Najjhthylaminesulphonic  Acids. — I  was  advised  by  Prof. 
Bernthsen,  the  Director  of  the  Laboratory  of  the  Badische  Anilin- 
und  Soda-Fabrik,  that  although  the  preparations  were  moderately 
pure,  yet  for  the  purpose  of  physico-chemical  investigations  they 
should  be  purified  by  recrystallisation. 

Unless  otherwise  stated  these  preparations  were  purified  by  one  or 
more  recrystallisations  from  water. 

a-Naphthylaminemonosuljihonic  A  cids. 

The  1  : 2-Acid. — As  it  was  found  that  this  sample  contained  some  of 
its  sodium  salt,  being  dovibtless  derived  from  the  corresponding  salt 
of  the  1  : 4-acid  from  which  it  was  prepared,  and  did  not  give 
homogeneous  crystals  by  the  process  above  described,  the  original 
material  was  digested  with  dilute  hydrochloric  acid  for  two  days,  the 
coloured  liquid  drained  off,  and  the  residue  washed  with  cold  water 
iiutil  the  washings  gave  no  precipitate  of  silver  chloride  on  addition  of 
solution  of  the  nitrate.  The  residue  was  then  treated  by  the  usual 
process,  and,  after  a  considerable  but  unavoidable  waste  of  material, 
pale  pink  crystals  were  obtained,  which  appeared  quite  homogeueous 
when  examined  under  the  microscope. 

The  followins:  results  were  obtained  : 
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Table 

XV. 

r- 

-8x 

10^ 

0. 

V^ 

=  4x 

10^ 

JTi 

louml). 

y 

(calc 

y  (fouiiil) 

2/  (calc. 

1-2 

1-8 

1 
j 

— 

0-75 
1-f. 

i 

:3  0 

3-0 

27 

f)  4 

5-5 

5  1 

4-8 

8-4 

8-0 

9-3 
14-4 

9-4 
14-0 

— 

— 

18-0 

18-6 

The  above  results  are  less  satisfactory  than  those  obtained  in  any 
other  set  of  observations,  and  it  is  thought  possible  that  some 
secondary  change  might  intervene  at  the  outset  as  the  tint  produced, 
on  addition  of  the  successive  portions  of  the  acid  to  the  methyl  orange 
solution,  only  assumed  its  final  shade  after  standing  for  some  minutes, 
and  not  immediately  as  in  other  cases. 

But  notwithstanding  the  imperfections,  from  whatever  cause  they 
may  arise,  the  results  are  sufficient  to  show  that  this  acid  behaves  as  a 
strong  acid  (hydi'ochloric  acid,  for  example),  in  that  the  first  few 
results  conform  approximately  to  the  logarithmic  expression  and  the 
remainder  to  the  straight  line  expression  y  =  kx  —  h.  (The  results  given 
in  the  second  and  fourth  columns  are  calculated  from  constants  /t  =  2'5 
and  4'6,  6  =  4-5  and  13'6.) 

The  results  are  in  accordance  with  those  obtained  by  Ebersbach  by 
the  conductivity  method,  who  found  values  for  k  varying  from  2 "23 
(r=64)  to  1  -09  (F  =  2048) ;  whether  the  former  or  the  latter  of  these 
numbers  or  the  mean  thereof  be  taken,  yet  the  value  is  five  to  fifty 
times  greater  than  that  found  for  any  other  naphthylaminesulphonic 
acid,  and  is  of  the  order  of  magnitude  corresponding  to  that  of  a  nitro- 
aromatic  acid.     The  point  will  be  further  discussed  in  the  sequel. 

The  1  :  i-acid  was  not  sufficiently  soluble  in  water  for  the  purpose  of 
this  investigation. 

The  1  :  5-acid  gave  a  pale  pink  solution  with  slight  *  blue  fluorescence 
when  dissolved  in  water,  but  owing  to  its  sparing  solubility  it  was 
difficult  to  work  with,  and  only  one  set  of  observations  was  made  : 

*  Wherever  here,  or  in  the  sequel,  the  word  "slight"  is  applied  to  the 
fluorescence,  it  will  bo  taken  to  mean  the  appearance  of  the  solutions  under  the 
conditions  of  ordinary  daylight ;  when  the  beam  of  an  electric  arc  is  projected 
through  such  solutions  the  effect  produced  is  quite  magnificent. 
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Table  XVI.     F-4xl0^. 

r=io^. 


r 

y  (found). 

y  (calc), 

10 

1-12 

2-4 

2-25 

4-5 

4-5 

The  results  in  the  second  column  are  calculated  from  the  expression 
log  y  —  log  1  •12  +  a;  log  2. 

The  1  :  6-acid  dissolved  in  water  to  give  a  pale  pink  solution  ;  the 
following  results  were  obtained  : 


r=8x 

10*. 

Table 
r=4 

XVII. 

X  10*. 

F=2 

xlO*. 

y  (found). 
0-63 
1-27 
2-55 
5-1 

y  (calc). 

0-7 
1-4 
2-8 
5-6 

y  (found). 
1-2 
2-8 

5-7 
l]-4 

y  (calc). 

1-42 

2-85 

5-7 

11-4 

y  (found). 
2-8 
6-0 

iri 

19-2 

y  (calc). 

2-8 

5-6 
11-2 
22-4 

The  values  in  the  second,  fourth,  and  sixth  columns  are  calculated 
from  the  expression  logy  =  log^- +  a;log2  (^  =  0'7,  1"42,  and  2*8);  the 
la.st  observation  in  the  2  x  10"*  series  is  rather  low,  but  it  was  evident 
on  repetition  that  the  possible  reaction  was  nearly  complete. 

The  1  : 7-acid  dissolved  in  water  to  give  a  pale  pink  solution  with  a 
faint  blue  fluorescence ;  the  following  results  were  obtained  : 


Table 

XVIII. 

v= 

^8 

xlO*. 

v^ 

=  4x 

10*. 

y  (found). 

y  (,calc). 

y  (found). 

y  (calc). 

0-6 

0-6 

0-9 

1-25 

1-2 

1-2 

2-4 

2-5 

2-4 

2-4 

4-95 

5-0 

— 

— 

9-9 

10-0 

The  values  in  the  second  and  fourth  columns  are  calculated  as  above 
(A;  =  0"6  and  1*25  respectively),  and  it  is  evident  from  the  figures  given 
that  the  1  :  7-acid  is  slightly  weaker  than  the  1  :  6-acid. 

Ebersbach's  results  showed  that  the  1  ;  7-acid  was  slightly  stronger 
than  the  1  : 6-acid  (^- 0-0227  and  0-0195  respectively). 

The  1  :  %-acid,  although  obtained  in  a  perfectly  homogeneous  crystal, 
showed  no  acid  function  whatever,  even  when  added  in  very  consider- 
able excess  to  the  methyl-orange  solution.  This  result  will  be  further 
discussed,  but  it  is  in  accordance  with  Ebersbach's  result,  who  obtained 
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a  value  of  /.;  =  0001  in  round  figures,  ono-twentieth  of   the  values  of 
the  1  :  G-  or  1  :  7-acids. 

^-Naphthylaminesulphonic  Acids. 

The   2  :  \-acid  was  obtained  in  pale   pink    prismatic   needles ;    its 
solutions  ijave  the  following  results  : 


Table 

XIX. 

V^ 

:8 

xlO 

i_ 

F= 

=  4 

xlO^ 

y  (found). 

y  (calc). 

r 

y  (found). 

S 

y  (calc.) 

0-3 

0-5 

1-05 

1-15 

0-9 

1-0 

2-1 

2-3 

2-25 

2-0 

4-8 

4-6 

4-2 

4-0 

9-6 

9-2 

s-1 

8-0 

18-6 

18-4 

The  values  in  the  second  and  fourth  columns  are  calculated  as  above 
(y^  =  0"5  and  1"15,  a=  2  respectively);  the  k  constants  are  not  widely 
different  from  those  of  the  1  :  7-acid,  although  the  reaction  proceeds 
further.  The  electric  conductivity  constant  has  apparently  not  been 
determined. 

2^he  2  :  5 -acid  was  obtained  as  a  fine  crystalline  powder  ;  its  solutions 
gave  the  following  results  : 

Table  XX. 
r=8xl0^.  V=ixW. 


y  (found). 

y  (calc). 

y  (found). 

y  (calc ) 

0-9 

0-75 

1-5 

1-45 

1-5 

1-5 

3-0 

2-9 

2-85 

3-0 

6-0 

5-8 

— 

— 

11-4 

11-6 

The  values  for  k  are  taken  as  0*75  and  1'45  respectively  ;  it  will  be 
observed  that  though  they  ai-e  both  higher  than  those  of  the  2  :  1-acid, 
yet  the  possible  reaction  sooner  came  to  an  end. 

27ie  2  :  6-acid  was  not  sufliciently  soluble  for  the  purpose  of  investi- 
gation. 

The  2  : 7-acid  was  obtained  in  pale  pink  needles  ;  owing  to  its 
sparing  solubility  only  one  set  of  observations  was  made  and  the  solu- 
tion kept  warm  for  the  purpose.     The  results  are  given  below  : 


Table 
r=4 

XXI. 

X  10^. 

V 

(found). 
1-2 

2-4 
4-5 

y 

(calc) 
1-15 
2-3 

4-G 
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The  value  of  /t=  1*15  is  identical  with  that  of  the  2  : 1-acid  at  the 
Bame  concentration,  but  all  reaction  sooner  comes  to  an  end. 

TJie  2  :  8-acid  was  not  sufficiently  soluble  for  quantitative  determina- 
tions, but  it  was  proved  that  even  on  addition  of  a  considerable  quantity 
of  a  supersaturated  solution  to  the  methyl-orange  no  change  was 
produced  ;  the  acid  therefore  resembles  the  1  :  8acid  in  showing  no 
acidic  function  whatever. 

Dimethyl-2,-naphthylamine-^'SulphoniG  Acid. — I  am  greatly  indebted 
to  Dr.  C.  Smith  for  a  sample  (about  1  gram)  of  the  above  acid  pre- 
pared and  described  by  him  (Trans.,  1906,  89,  1508);  as  sent  it  was 
in  the  form  of  crystalline  (acicular  needles)  powder. 

When  dissolved  in  water  at  25°,  so  as  to  give  a  ^V/10  solution,  the 
liquid  was  of  a  pale  yellow  colour,  but  more  dilute  solutions  displayed 
a  beautiful  pale  blue  fluorescence,  so  that  their  appeai'ance  somewhat 
resembled  a  very  dilute  solution  of  copper  sulphate. 

As  the  iV/10  solution  gave  an  immediate  acid  reaction  with  the 
methyl-orange  solution  it  was  further  diluted,  and  the  following 
results  obtained  : 

Table  XXII. 

F=8>;10^.  r=6xl0^.  ^=4x10^.  r=2xl0^. 

2/(foimd).  2/(calc.).  y  ('o'l'i'l)-  2/ (calc).  2/(fouiid).  2/(calc.).  ^/(founcl).  2/(calc.). 

0-7  0-65              0-9            0-9              1-2            1-35              27            275 

1-2  1-3                1-8            I'S              27            27                6-0            5-5 

—  —                 37            3-6              5-4            5-4              10-8  110 

Although  the  above  acid  differs  from  the  other  naphthylamine- 
mono-  and  di^sulphonic  acids  (see  below),  which  contain  an  SO3H 
grouping  in  the  8-position,  in  that  it  shows  an  acid  reaction  with 
methyl-orange,  arid  although  also  the  values  of  k  in  the  expression 
logy  ==  log^- -f  a;log2  (^  =  0'65,  0-9,  1'35,  2*75)  are  between  the  values 
found  for  the  2  :  1-  and  2  : 5-naphthylaminesulphonic  acids,  yet  all 
possible  reaction  sooner  comes  to  an  end.  The  results  for  the  most 
dilute  solution  (8  x  10^)  are  almost  too  small  for  accurate  measure- 
ment ;  they  have  been  quoted,  not  as  of  much  import,  but  as  of 
concordant  arithmetical  ratio  with  the  remaining  series. 

However,  the  results  are  in  perfect  concordance  with  those  obtained 
by  the  electric  conductivity  method  in  the  case  of  the  benzenoid 
aminosulphonic  acids,  which  have  shown  that  the  substitution  of 
hydrogen  by  methyl  in  the  NH2  grouping  increases  the  value  of  k. 
The  following  illustrative  examples  are  taken  from  the  papers  of 
Ostwald  and  Ebersbach  (loc.  cit.)  : 

NH./C^H^-SOgH    (1:4)     0-0586       NH/C.-H.-SOgH     (1:3)     0-0185 
NHke-CoH^-SOaH    „         0'066G       XMo^-C^.H4'S03H      „         0-037 

N  2 
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Opportunity  was  taken  to  determine  certain  other  physical  data 
of  the  2  :  S-dimethylaminosulphonic  acid,  namely  the  density  of  the 
NjlO  solution,  the  solubility  in  water,  and  the  degree  of  fluorescence. 
The  following  results  were  obtained  :  DJj  (solution  at  or  about  its 
maximum  saturation)  =1"0073;  Dr3=l'0058;  the  weighings  were 
corrected  to  a  vacuum,  and  the  thermometer  corrected  according  to 
the  Reichsanstalt  methods. 

Solubility  S  (grams  in  100  grams  water  at  25°)  =3"47. 

The  blue  fluorescence  desciubed  by  Dr.  C.  Smith  is  very  remark- 
able ;  in  ordinary  daylight,  under  certain  conditions,  it  is  visible  with 
a  solution  of  concentration  of  the  order  of  iV/2  x  10^,  or  nearly  one 
part  in  a  million. 

When  a  solution  of  the  acid  is  allowed  to  evaporate  spontaneously, 
well-formed  transparent  crystals  separate,  but  at  present  they  have 
not  been  obtained  of  sufficient  dimensions  for  accurate  cry&tallographic 
measurement. 

a-Naphthylaminedisulphonic  A  cids. 

Acids  derived  from  the  1  :  i-monosulphonic  Acid. — The  1:4:  2-acid, 
obtained  as  a  white,  crystalline  powder,  dissolved  in  water  giving  a 
pale  pink  solution  with  a  purple-blue  fluorescence. 

Two  series  of  observations  were  made  : 


Table  XXIII. 

^^IxlO-". 

r=o-5xio^. 

r^lxlO^. 

r=o-5xio^ 

0-9 

2-1 

5-4 

12-6 

1-8 

4-2 

6-3 

14-7 

2-7 

G-1 

7-2 

16  5 

3-C 

8-4 

8-1 

— 

4-5 

10-5 

This  disulphonic  acid  is  remarkable  in  that,  firstly,  it  was  necessary 
to  use  more  concentrated  solutions  to  obtain  observations,  and,  secondly, 
of  all  the  mono-  and  di-naphthylaminesulphonic  acids  examined  this 
is  distinguished  from  the  rest  in  giving  results  which  confoi-m  to  the 
straight  line  expression  y  =  kx  (^  =  0'9  and  2'1);  in  this  respect  it 
resembles  metanilic  acid.  The  introduction  of  a  second  sulphonic 
grouping  in  this  as  in  other  cases  diminishes  rather  than  increases  the 
acidic  function. 

f.  The  1:4:  Q-acid  was  a  white,  crystalline  powder,  giving  a  nearly 
colourless  solution  with  a  pale  blue  fluorescence.  The  following  results 
were  obtained  : 


AMINOCARBOXYLIC   AND   AMINOSULPHONIC   ACIDS. 


173 


r=4x 

10^. 

Table  XXIV. 

r=2xio^. 

r=  1-5x10*. 

y  (found). 
0-6 
1-5 
2-4 
4-8 

e   results 

y  (calc. ). 
0-6 
1-2 
2-4 
4-8 

are    in 

y  (found).      y  (calc). 

1-2                 1-35 

27                27 

5-4                5-4 

10-9              10-8 

accordance    with   the 

y  (found),      y  (calc). 
1-9                1-9 
4-2                 3-8 
7-5               7-6 

logarithmic    expression 

The 
(^  =  06,  1-35,  1-9,  «  =  2). 

The  1:4:  7 -acid,  obtained  as  a  slightly  deliquescent  white  powder, 
became  slightly  discoloured  when  dried  at  80°. 

The  results  were  as  follows  : 


Table 

r=4xio^. 

XXV. 

r=2x 

10*. 

y  (found).             y  (calc). 
0-6                        0-6 
1 -2                         1  -2 

2-1                         2-4 

y  (found). 
"1-2 
27 
5-4 

y  (calc). 
1-3 
2-6 
5-2 

The  values  found  are  practically  identical  with  those  of  the  1  :  4  :  6- 
acid,  although  the  reaction  sooner  comes  to  an  end. 

The  1:4:  '&-acid  was  obtained  in  yellowish-pink  tabular  crystals 
giving  a  yellow  solution  with  faint  fluorescence. 

The  acid  reaction,  even  with  original  solution  iV/10,  was  almost 
inappreciable,  and  thus  in  terms  of  the  other  acids  its  effect  may 
be  considered  nil. 

The  l:5:7(()-acid  (Badische  Anilin-  und  Soda-  Fabrik,  D.R.-P. 
69555)  is  prepared  by  sulphonating  aceto-a-naphthalide  or  its  1  :5- 
sulphonic  acid  and  hydrolysing  the  acetyl  compound  with  dilute 
sulphuric  acid.  The  7-position  of  the  sulphonic-grouping  appears 
to  be  doubtful.  The  sample  sent  was  purified  by  allowing  a  cold- 
water  solution  to  evaporate  spontaneously ;  pale  yellow  needles 
separated,  which  rapidly  effloresced. 

A  solution  of  original  concentration  iV/25  gave  no  acid  reaction  with 
methyl-orange  even  on  addition  of  excess.  Therefore  this  acid  behaves 
as  acids  which  contain  a  sulphonic  grouping  in  the  8-position.  But  so 
long  as  the  constitution  of  the  acid  remains  a  matter  of  doubt,  it  does 
pot  appear  desirable  to  draw  any  conclusion. 
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The  (i-Naphthylaminedisulphonic  Acids. 

TliPj  2:3:  C)-acid  was  obtained  pai'tly  as  colourless,  glassy  plates, 
which  rapidly  effloresced,  partly  as  a  pale  pink  amorphous  powder ;  by 
a  process  of  rapid  evaporation  it  was  obtained  in  the  latter  form  only. 
The  acid  probably,  therefore,  occurs  in  a  labile  crystalline  and  a  stable, 
amorphous  modification,  but  the  conditions  under  which  one  or  the 
other  is  formed  have  not  as  yet  Ijeen  accurately  ascertained.  The 
solutions  showed  a  purple-blue  fluor-escence.  Two  series  of  observa- 
tions were  made  with  the  following  results  : 


Table  XXVI. 

v= 

■4x 

10^. 

r= 

.2x 

10^. 

y  (found). 

y  (calc). 

y  (found). 

y  (calc.) 

0-6 

0-65 

1-2 

1-25 

1-5 

1-3 

2-6 

2-5 

^•4 

2-6 

5-1 

5-0 

— 

_     - 

9-9 

10-0 

The  values  for  k  are  not  widely  different  fi'om  those  obtained  for 
the  1:4:  7-acid. 

The  2:6:  S-acid  gave  no  reaction  with  an  original  solution  iV750, 
even  when  added  in  excess  ;  hence  relatively  its  effect  may  be  regarded 
as  nil. 

General  Conclusions  regarding  the  Najihthylaminesulphonic  Acids. 

On  reviewing  the  results  obtained  with  these  acids,  two  general  facts 
come  into  prominence  :  namely  (1)  the  positions  2  and  to  a  less  extent 
7  afford  cases  of  steric  "  furtherance,"  *  and  (2)  the  position  8 
affords  a  case  of  steric  "  hindi'ance." 

As  regards  the  steric  hindrance  effected  by  the  8-position,  my 
observations  are  quite  in  accordance  with  those  of  Hewitt  and 
Mitchell,  as  also  of  C.  Smith  [loc.  cit.),  in  their  studies  on  the  reaction 
of  various  naphthalene  derivatives  with  diazonium  salts.  On  the 
other  hand,  as  regards  the  steric  furtherance  of  the  2-position  my 
observations  are  in  accordance  with  the  results  of  Ebersbach.  At 
present  there  do  not  appear  to  be  many  data  as  to  the  effect  produced 
by  the  7-position,  relative  to  the  positions  1  and  2. 

*  As  the  phrase  "steric  hindrance "  has  now  come  into  chemical  literature,  I 
have  ventured  to  use  the  old  Saxon  word  "  furtherance  "  as  its  opposite.  It  appears 
that  the  noiui  has  been  used  in  this  sense  since  1440  ( York  Mystery  PJay),  and  the 
verb  so  far  back  as  888  [jElfred  Chron.).  Perhaps  I  may  raise  a  plea  for  the  use  of 
Saxon  words,  rather  than  those  derived  from  Greek  or  Latin,  separately,  or  ev^en 
worse,  conjointly. 
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Summary. 

(i)  The  method  of  determining  the  affinity  constants  of  acids  by 
means  of  a  dilute  methyl-orange  solution  and  a  tintometer,  formerly 
applied  to  the  carboxylic  acids  and  certain  chloi-o-  and  hydroxy- 
derivatives,  has  been  extended  to  the  amino-cai-boxylic  and  sulphonic 
acids.  It  is  shown  that  the  same  general  mathematical  expressions 
hold  good,  namely,  those  of  straight  lines,  or  logarithmic  curves. 

(ii)  Acids  which  show  irregvilarities  in  the  Ostwald  electric  con- 
ductivity expression  ^(A')  =  a-/(l  -  a)F  show  similar  irregularities  in 
the  methyl-orange  method. 

(iii)  The  aliphatic  aminocarboxylic  acids  act  as  neutral  substances, 
but  their  hydrochlorides  as  hydrochloric  acid  only,  hydrolysis  being 
nearly  complete  at  the  degree  of  dilution  used. 

(iv)  The  special  cases  of  aspartic  and  cacodylic  acids  have  been 
investigated. 

(v)  The  aminobenzoic  acids  show  a  distinct  acid  function,  and  the 
factors  obtained  are  in  a  similar  arithmetical  ratio  to  those  deduced  by 
Winkelblech  at  a  different  degree  of  dilution  of  the  electric  conduc- 
tivity method. 

(vi)  The  two  aminobenzenemonosulphonic  acids  studied,  namely, 
sulphanilic  (1  : 4)  and  metanilic  (1  :  3)  acids,  are  remarkable  in  that 
the  latter  conforms  to  the  straight  line,  but  the  former  to  the 
logarithmic  expression.  The  introduction  of  a  second  sulphonic- 
grouping  reduces  rather  than  increases  the  acid  function. 

(vii)  The  study  of  the  naphthylaminemono-  and  di-sulphonic  acids 
affords  examples  of  steric  furtherance  as  regards  the  positions  2  and  7 
and  of  steric  hindrance  as  regards  the  position  8. 

Lastly,  I  desire  to  express  my  thanks  to  Prof.  Wm.  Esson  for 
assistance  in  the  mathematical  portion,  and  again  to  my  colleagues  at 
home  and  abroad  for  having  kindly  supplied  me  with  such  a  Avealth  of 
material,  without  which  this  investigation  could  not  have  been 
completed. 
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XVI. — Tetraketopiperazine. 

By  Alfred  Theophilus  de  Mouilpied  and  Alexander  Rule. 

The  formation  of  ring  compounds  by  the  action  of  sodium  alkyloxides 
on  various  plienylglycinoacetic  esters  has  l^een  investigated  l)y  one  of 
us  {Ikr.,  1900,  33,  2467;  Trans.,  1905,  87,  435).  The  ease  with 
Avhich  alcohol  is  eliminated  in  these  cases  has  led  us  to  apply  the 
reaction  to  esters  of  the  type  of  ethyl  oxamate,  in  the  hope  that  by  the 
elimination  of  a  molecule  of  alcohol  between  an  'OR  group  and  an 
•XHg  group,  ring  compounds  containing  an  imino-group  might  be 
produced. 

In  genei'al,  the  reaction  might  be  expected  to  be  as  follows  : 

j^»<;^CO.NH;K:        __^  R"<^^>NH  +  R.OH. 

CO-jOR     i  '^^ 

Ethyl  oxamato  would  1)y  sucli  a  reaction  give  rise  to  the  three- 

CO 

membered    cyclic    compound,    oxalimidc,    '    ]^NH,    the  existence  of 

which  has  not  yet  been  clearly  established.  The  only  reference 
to  this  compound  is  in  a  paper  by  Ost  and  Mente  (Ber.,  1886, 
19,  3228).  The  authors  describe  the  preparation  of  oxalimide  from 
oxamic  acid  by  the  action  of  phosphorus  pentachloride,  the  yield 
being  very  small.  It  is  described  as  crystallising  in  colourless,  well 
developed  monoclinic  pi'isms.  No  reference  is  made  to  the  melting 
point,  and  the  results  of  analysis  given  apply  equally  well  to  a 
substance  with  twice  the  molecular  weight,  such  as  tetraketopiperazine. 
On  boiling  with  water,  the  substance  decomposed  into  oxamide  and 
oxalic  acid,  and  Ost  and  Mente  thought  it  might   be  dioxaldiamide, 

CO'NTT'CO 

I  ^  I  ^,  but  they  rejected  this  hypothesis  on  the  ground  that  such 

a  compound  ought  on  hydrolysis  to  yield  equal  molecules  of  oxamide 
and  oxalic  acid,  which  thoy  found  not  to  be  the  case.  This,  however, 
is  not  to  be  expected,  as  any  oxamide  formed  by  the  hydrolysis  of  the 
parent  substance  would,  in  its  turn,  be  equally  liable  to  saponification 
to  oxamic  and  oxalic  acids.  We  found  that  during  hydrolysis  of 
tatraketopiperazine,  ammouia  was  evolved,  and  that  the  relative 
proportions  of  the  products  depended  on  the  time  of  reaction  and  on 
the  concentration  of  the  hydrolyser. 

Ost  and  Mente  supposed  that  the  simple  oxalimide  was  obtained  by 
them    and    that    this    reacted   with   water    to    form    oxalic   acid  and 
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ammonia  ;  the  latter  then  reacted  with  more  oxalimide  to  form  oxamide. 
It  seems  improbable  that  a  compound  of  the  configuration  of  oxalimide 
would  have  the  stability  ascribed  to  it  by  these  authors.  The  present 
paper  contains  an  account  of  the  preparation  and  properties  of 
tetraketopiperazine,  and  there  seems  to  be  but  little  doubt  that  this  is 
the  substance  which  they  obtained  and  which  is  described  in  text- 
books as  oxalimide.  Further,  their  work  has  recently  been  re- 
peated,* and  no  trace  of  either  oxalimide  or  tetraketopiperazine 
could  be  detected. 

We  first  applied  our  method  to  methyl  succinamate  ;  this,  on  treat- 
ment with  sodium  alkyloxide  in  benzene  solution,  lost  a  molecule  of 
akohol  and  gave  succinimide, 

CH.-CO  •  NHH:  CH„-CO.^  ^,^ 

CHa'COiOCHg  ;        ^  CHg-CO^ 

although  in  no    great  quantity. 

In  the  case  of  ethyl  malonamate,  no  ring  formation  took  place  as 
far  as  the  main  I'eaction  is  concerned,  but  the  preferential  saponifica- 
tion of  the  carboxyalkyl  group  in  regard  to  the  amino-group  was 
brought  about.  Malonamic  acid  was  not,  however,  isolated,  but  an 
acid  resulting  from  the  loss  of  one  molecule  of  water  from  two 
molecules  of  the  malonamic  acid  : 

„^„/00-NH,         „^         ^      CO-CH,-CO-NH, 
^^^2^C0,H        -    ^2^      -^      NH.CO-CH,-CO,H- 

The  use  of  theoretical  amounts  of  sodivim  alkyloxides  in  dry  benzene 
solutions  seems  to  be  a  method  of  general  application  for  the 
preferential  saponification  of  carboxyalkyl  groups  occurring  in  the 
same  compound  with  acid  amide  groups.  In  the  ordinary  Avay,  a 
•CO'NHg  group  is  readily  saponified  by  alkali  and  always  more  easily 
than  an  accompanying  'COoTl  group.  Thus,  in  the  case  of  ethyl 
oxamate,  treatment  with  caustic  soda  causes  an  evolution  of  ammonia 
in  the  cold.  Using  the  theoretical  amount  of  sodium  ethoxide  in 
benzene  solution,  a  good  yield  of  sodium  oxamate  is  obtained.  We 
believe  this  method  will  be  found  to  be  of  general  application.  In 
addition  to  oxamic  acid,  the  latter  reaction  yields,  after  treatment  with 
water,  filtration  and  acidification  with  hydrochloric  acid,  a  substance 
which  analysis  showed  to  have  the  formula  C^HgO^N.,  and  a  molecular 
weight  of  142.  This  is  the  dioxaldiamide  of  Ost  and  Mente,  or  tetra- 
ketopiperazine. A  better  yield  is  obtained  if  ethyl  oxamate  is  treated 
directly  with  the  theoretical  amount  of  sodium  ethoxide  in  absence  of 

*  The  work  has  beeu  carried  out  in  these  laboratories  by  Dr.  A.  W.  Titkerley  and 
Dr.  A.  A.  Hall  in  connexion  with  the  attempted  synthesis  of  oxalimide,  and  they 
inform  us  that  their  results  were  entirely  negative. 


178        DE   MOUILPIED   AND   RULE:   TETRAKETOPIPERAZINE. 

benzene.     We  have  also  obtained  the  substance  by  the  condensation 
of  oxamide  with  ethyl  oxalate  in  presence  of  sodium  ethoxide  : 

CO-NHfH  .  C,H,0:OC  "^  ^^^CO-CO^^^' 

Light  is  thrown  on  the  configui'ation  of  this  compound  by  the  fact 
that  it  forms  a  monohydrazone,  mono-  and  di-sodium  salts,  and  a 
di-silver  salt ;  we  were  not  able  to  prepare  a  pure  mono-silver  salt. 

Cold  sodium  hydrogen  carbonate  acts  on  the  substance  with 
effervescence  to  form  a  white  mono-salt ;  the  di-salt  is  obtained  by  the 
use  of  sodium  hydroxide,  but  the  action  in  this  case  is  complicated  by 
the  fact  that  hydrolysis  is  concurrent,  and  we  could  only  obtain  the 
pure  salt  by  using  the  alkali  in  the  form  of  the  theoretical  amount  of 
sodium  alkyloxide,  all  moisture  being  carefully  excluded.  These  re- 
actions point  to  the  probability  of  the  existence  of  one  hydroxyl  group 
in  the  molecule  reacting  directly  with  sodium  hydrogen  carbonate 
to  form  a  mono-sodium  salt,  and  to  the  possible  presence  of  a  second 
hydroxyl  group  by  tautomeric  rearrangement  between  the  CO*  and 
NH*  groups  under  the  influence  of  stronger  alkali.  The  substance 
has  thus  probably  the  following  constitution  : 

This  formula  shows  one  of  the  ketonic  groups  to  be  different  in 
nature  from  the  others,  and  this  may  account  for  the  formation  of  a 
monohydrazone.  The  yield  of  sodium  salt  obtaiced  in  the  preparation 
of  the  substance  shows  the  salt  to  be  dibasic.  We  purpose  investigat- 
ing the  reduction  products  of  this  substance,  the  action  of  alkyl  iodides 
on  the  sodium  and  silver  salts,  and  the  products  of  the  interaction 
which  takes  place  with  aniline. 

Experimental. 

Succinimide  from  Methyl  Succinamate. — 0'68  gram  of  sodium 
wire  (1  atom)  was  placed  in  100  c.c.  of  dry  benzene,  and  dissolved  in 
rather  more  than  1"1  gram  (1  mol.)  of  methyl  alcohol  by  warming  on 
the  water-bath.  0*4  gram  of  methyl  succinamate  (1  mol.)  was  added, 
and  the  mixture  heated  on  the  water-bath  for  two  hours  and  allowed 
to  cool.  Water  was  then  added  and  the  aqueous  part  separated  from 
the  benzene,  which  was  extracted  several  times  with  water. 

The  benzene  portion  left  no  residue  on  evaporation.  The  aqueous 
solution  was  shaken  with  a  little  ether  to  remove  benzene,  and  air  was 
bubbled  throvigh  to  remove  benzene  and  ether.  The  solution,  which  was 
slightly  alkaline,  was  acidified  with  hydrochloric  acid  and  evaporated 
on  the  water-bath.     The  crystalline  residue  was  dried   over  sulphuric 
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acid,  ground,  and  extracted  thx-ee  times  with  alcohol  quickly  raised  to 
the  boiling  point.  The  alcoholic  solution  gave,  on  evaporation,  a 
white  crystalline  solid,  which  after  recrystallisation  from  absolute 
alcohol  melted  at  124°  (succinimide  m.  p.  125°).  The  yield  was  small, 
but  the  following  reaction  had  evidently  taken  place  to  some  extent : 

Action  of  Sodium  EthooncU  on  Ethyl  Malonamate. — Ethyl  malonamate 
was  prepared  (Ber.,  1895,  28,  479)  by  the  action  of  a  slow  stream  of 
hydrochloric  acid  gas  on  a  well-cooled  mixture  of  ethyl  alcohol  and 
ethyl  cyanoacetate,  and  subsequent  decomposition  by  heat  of  the  hydro- 
chloride of  iminomalonic  ester  which  is  produced.  A  certain  amount 
of  ammonium  chloride  was  formed,  and  the  pure  ester  was  obtained  by 
extracting  the  product  with  acetone  and  allowing  the  solution  to 
evaporate  slowly.  The  resulting  oil  crystallised  readily  on  cooling  and 
stirring,  and  the  ester  melted  at  49 — 50°.  Thirteen  grams  were 
obtained  from  25  grams  of  ethyl  cyanoacetate. 

(a)  Sodium  Ethoxide  and  Ethyl  Malonamate  in  Benzene  Solution. — 
2 '3  grams  (1  atom)  of  sodium  wire  were  suspended  in  100  c.c.  of  dry 
benzene  and  dissolved  in  4"6  grams  of  ethyl  alcohol  by  the  aid  of  heat. 
After  cooling,  13'1  grams  (1  mol.)  of  ethyl  malonamate  in  benzene 
solution  were  added,  and  the  whole  allowed  to  stand  overnight.  The 
mixture  was  then  heated  on  the  watei'-bath  for  two  hours,  cooled,  and 
the  solid  which  had  separated  was  filtered  and  dried.  Yield  about 
16*2  grams. 

In  this  and  all  other  similar  reactions  a  deep  indigo-blue  colour 
developed,  which  only  disappeared  on  the  addition  of  water. 

The  benzene  portion  was  added  to  iced  water,  but  no  precipitation 
took  place  and  the  water  remained  neutral  and  colourless.  The 
benzene  left  no  residue  on  evaporation. 

The  solid  product  was  white  and  almost  completely  soluble  in  water, 
from  which  a  buff-coloured  substance  was  precipitated  by  dilute  hydro- 
chloric, though  not  by  acetic  acid.  The  bulk  was  treated  with  water, 
the  residue  sepai'ated,  and  on  adding  dilute  hydrochloric  acid  to  the 
filtrate  a  pale  brown  amorphous  precipitate  was  obtained  ;  the  product 
burnt  without  melting  on  platinum  foil,  leaving  a  very  slight  residue. 
The  yield  was  7*2  grams.  This  substance  dissolves  readily  in  warm 
methyl  alcohol,  from  which  it  separates  as  a  crystalline  powder  on 
cooling ;  there  is  some  slight  decomposition  as  the  mother  liquor 
assumes  a  reddish  tint.  It  is  insoluble  in  ether,  benzene  or  water,  but 
dissolves  readily  in  aqueous  sodium  hydrogen  carbonate  with  effer- 
vescence. Ammonia  was  evolved  on  heating  the  substance.  A  neutral 
solution  gave  a  yellow  precipitate  with  silver  nitrate,  reduction  taking 
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place  on   warming ;    salts   of   copper,    lead,    and    mercury   were   also 
obtained,  but  barium  chloride  only  gave  a  precipitate  on  boiling. 
The  crude  product  was  crystallised  from  aqueous  methyl  alcohol. 
0-1825  gave  23-2  c.c.  moist  nitrogen  at  16°  and  739  mm.    N  =  14-40, 
C3H5O3N  requires  N  =  13-58  per  cent. 
2C3H5O3N  -  HgO  requires  N  =  14-89  per  cent. 
Titration  with  baryta  solution  [I  c.c.  =  0-00822  Ba(0H)2]. 
0-1065  required  6  c.c.     Equivalent  =  185-07. 
0-1016         „       5-6  c.c.  „         =  189-6. 

Titration  with  sodium  hydroxide  solution  (1  c.c.  =  00040  NaOH). 
0-1021  required  5-3  c.c.     Equivalent  =  190*8. 
Mean  of  three  results  =  188-49. 
C3H5O3N  (Malonamic  acid)  requires  equivalent  =  206. 
2C3Hr,OglSr  -  Hp  requires  equivalent  =  188. 
It  has  been  found    impossible  to  hydrolyse   ethyl    malonamate    to 
malonamic  acid  by  any  of  the   usual  methods.     Malonic  acid  is  the 
chief  substance  obtained  together  with  some  decomposition  products. 

(b)  Action  of  Sodium  Eihoxide  on  Ethyl  Malonamate  in  Absence  of 
Benzene. — 0-72  gram  of  sodium  (1  atom)  was  treated  with  just  sufficient 
alcohol  to  convert  the  metal  into  sodium  ethoxide,  and  while  the  latter 
was  still  molten  3-9  grams  (1  mol.)  of  ethyl  malonamate  were  added. 
Reaction  appeared  to  take  place  immediately.  The  mixture  was 
heated  on  the  water-bath  for  half  an  hour  and  afterwards  in  a  paraffin 
bath  at  150°  for  one  hour.  After  cooling  it  was  treated  with  water,  in 
which  it  dissolved  to  a  yellow  solution,  leaving  only  a  trace  of  insoluble 
residue.  The  solution  was  filtered  and  acidified  with  hydrochloric  acid, 
when  a  buff-coloured  precipitate  was  obtained ;  this  was  filtered, 
washed  with  cold  water  until  free  from  chloride,  and  dried  in  a  vacuum. 
Yield  0-75  gram. 

The  product  burnt  completely  on  platinum  foil,  leaving  no  residue. 
It  dissolved  with  effervescence  in  cold  aqueous  sodium  hydrogen 
carbonate  and  was  reprecipitated  on  adding  hydrochloric  acid  to  the 
solution.  In  all  its  properties  it  resembled  the  substance  obtained  by 
method  {a)  in  benzene  solution. 

The  acid  filtrate  was  neutralised  with  sodium  cai'bonate  solution, 
evaporated  to  a  small  bulk,  and  then  allowed  to  stand  over  concentrated 
sulphuric  acid  in  a  vacuum.  A  red  substance  sepai-ated,  which 
appeared  to  be  similar  to  the  product  obtained  from  the  methyl 
alcoholic  solution  after  recrystallising  the  acid.  This  substance  is 
being  further  investigated. 
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Action  of  Sodium  Ethoxide  on  Oxamethane. 

(a)  In  Benzena  /Solution. — 3*93  grams  of  sodium  wire  (1  atom)  were 
suspended  in  100  c.c.  of  dry  benzene  and  just  sufficient  absolute 
alcohol  added  to  convert  the  metal  completely  into  sodium  ethoxide. 
Twenty  grams  of  oxamethane  (1  mol.)  were  then  added,  and  the  mixture 
was  boiled  for  two  hours  on  the  water-bath.  Some  solid  separated 
which  was  filtered  off.  The  benzene  gave  on  evaporation  a  small  amount 
of  unchanged  oxamethane. 

The  solid  product  was  treated  several  times  with  cold  water,  when 
most  of  it  dissolved  ;  the  residue  consisted  of  the  sodium  salt  of  tetra- 
ketopiperazine  as  described  under  method  (i).  The  solution  was 
neutralised  with  aqueous  sodium  hydrogen  carbonate  and  concentrated 
on  the  water-bath.  On  adding  absolute  alcohol  to  the  cold  solution  a 
voluminous  white  precipitate  was  obtained,  which  was  filtered  and 
dried  in  a  vacuum.  This  sodium  salt  evolved  ammonia  when  treated 
with  caustic  soda  in  the  cold,  thus  pointing  to  the  probability  of  its 
being  sodium  oxamate. 

0-1993  gave  0-1251  K%SO^.     Na  =  20-32. 

0-1 149  gave  12-7  c.c.  moist  nitrogen  at  23°  and  761  mm.    ]Sr  =  12-47. 

C2H203NNa  requires  Na  =  20-72  ;  N=  12-Gl  per  cent. 
Thus   the   reaction    in    benzene    solution  yields  principally  sodium 
oxamate. 

(b)  Direct  Action  in  Absence  oj  Benzene. — 3-9  grams  of  sodium 
(1  atom)  were  dissolved  in  jast  sufficient  absolute  alcohol  to  convert 
the  metal  into  sodium  ethoxide.  After  cooling,  20  grams  of  oxamethane 
(1  mol.)  were  added  and  the  mixture  heated  in  the  paraffin  bath.  At 
125 — 130°  a  violent  reaction  took  place;  the  mixture  became  pale 
brown  and  alcohol  was  evolved.  This  was  allowed  to  escape  in  order 
to  prevent  any  hydrolysing  action  taking  place.  After  heating  at  140° 
for  about  one  hour,  the  mass  was  cooled  and  treated  several  times  with 
hot  benzene  in  order  to  extract  oxamethane,  of  which  a  small  quantity 
remained  unchanged.  The  product  was  then  treated  with  cold  water, 
in  which  it  was  only  very  slightly  soluble,  filtered,. washed  with  water 
and  alcohol,  and  dried.  The  weight  of  dry  sodium  salt  obtained  was 
29  grams.     (Theory  for  disodium  tetraketopiperazine  =  33-4  grams.) 

It  is  a  pale  yellow  powder,  only  sparingly  soluble  in  cold  water,  and 
is  decomposed  when  treated  with  hydrochloric  acid,  sodium  chloride 
being  formed,  together  with  a  substance  which  on  analysis  gave  figures 
corresponding  to  tetraketopiperazine. 

The  latter  substance  burnt  on  platinum  foil  without  melting  and 
left  a  slight  ash  which  gave  an  alkaline  reaction  towards  litmus.  It 
did  not  melt  in  a  capillary  tube,  but  slowly  blackened  above  250°. 
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It  was  insoluble  in  most  organic  solvents,  but  dissolved  fairly 
readily  in  boiling  glacial  acetic  acid,  from  which  it  crystallised  in  small, 
almost  colourless  monoclinic  prisms.  It  dissolved  with  effervescence 
in  warm  aqueous  sodium  hydrogen  carbonate,  the  sodium  salt  being 
precipitated. 

The  latter  appears  to  be  more  insoluble  than  the  free  tetraketone ; 
the  potassium  salt  is  more  soluble. 

For  analysis  the  recrystallised  product  was  heated  for  three  hours  at 
110°  in  an  air  oven,  in  order  to  remove  any  traces  of  acetic  acid. 

0  1855  gave  0  2312  CO,  and  0-0421  H2O.     C  =  33-99  ;  H  =  2-52. 

0-1819     „     32  c.c.  moist  nitrogen  at  21°  and  767  mm.     N^  20-22. 

0-1828     „     32-1  c.c.    „  „         ,,22°    „     774  mm.     N  =  20-26. 

C^HoO^No  requires  C  =  33  80  ;  H  =  1-40  ;  N  =  1971  per  cent. 

The  numbers  obtained  indicate  that  the  substance  was  not  quite 
pure,  but  recrystallisation  was  difficult  owing  to  its  insolubility.  It  is 
possible  that  boiling  with  acetic  acid  brings  about  decomposition  to 
some  extent. 

The  substance  was  dissolved  in  a  large  excess  of  cold  water,  and 
titrated  with  baryta  solution,  using  phenolphthalein  as  indicator 
(1  c.c.  baryta  =  0-0082  Ba(0H)2). 

0-1005  required  7-35  c.c.  for  neutralisation. 

Equivalent  found  =  142-2.     C^HgO^Ng  requires  142. 

This  corresponds  to  the  formation  of  a  monosodium  salt,  but  the 
tendency  to  form  a  disodium  salt  was  shown  by  the  fact  that  on 
standing  the  red  colour  disappeared  and  further  baryta  was  required 
before  it  reappeared. 

The  point  of  complete  neutralisation  corresponding  to  a  disodium 
salt  cannot,  however,  be  reached  in  this  way  owing  to  hydrolysis  (see 
sodium  salts). 

Sodium  /Salts  of  TetraJcetoinperazine. 

The  mono-salt  was  obtained  by  treating  the  tetraketopiperazine 
with  excess  of  sodium  hydrogen  carbonate  solution  in  the  cold. 
Partial  solution  took  place  with  effervescence  and  reprecipitation  on 
standing. 

On  isolation  the  substance  was  obtained  in  long,  white,  silky  needles, 
and  proved  to  be  free  from  carbonate.  It  dissolved  in  water  with  the 
exception  of  a  small  yellow  residue  which  was  in  every  respect  like 
the  disodium  salt,  and  the  presence  of  this  accounts  for  the  slightly 
high  number  obtained  on  analysis  : 

0-2130  dried  at  110°  gave. 0-0977  Na^SO^.     Na  =  14-85. 
C^HO^NgNa  requires  Na=  14-02  per  cent. 
CANaNa^       „  Na^24'70    „      „ 
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The  disodiuni'salt  cannot  be  prepared  in  a  pure  state  by  the  action 
of  aqueous  sodium  hydroxide  on  the  parent  substance  or  on  the  mono- 
salt  owing  to  the  fact  that  a  partial  hydrolysis  takes  place  as  already 
described.  It  is  best  prepared  by  the  method  given  for  the  prepara- 
tion of  tetraketopiperazine  itself,  that  is,  by  treating  oxamethane  with 
the  theoretical  amount  of  sodium  ethoxide.  Even  in  this  case  a 
certain  amount  of  hydrolysis  is  caused  by  the  necessary  purification 
as  shown  by  the  figures  obtained  : 

0-1936  dried  at  110-^  gave  0-1368  NagSO^.     Na  =  22-88. 
C^04N'2Na2  requires  Na  =  24-70  per  cent. 
C.HO^N-.Na      „        Ka  =  14-02    „      „ 

Silver  Salt. — This  was  obtained  from  the  more  soluble  potassium  salt 
as  a  voluminous  white  precipitate.     After  di'ying, 

0-1042  gave  00632  Ag.     Ag  =  60-65. 

C^O^NgAg.,  requires  Ag  =  6067  per  cent. 
C.HO.N^Ag      „       Ag  =  43-37    „      „ 

Hydrazone. — The  tetraketopiperazine  was  dissolved  in  warm  acetic 
acid  and  a  solution  of  phenylhydrazine  in  acetic  acid  was  added. 
The  liquid  became  yellow  and  was  warmed  on  the  water-bath  for 
five  minutes,  when  fine  needles  separated.  The  product  was  re- 
crystallised  from  acetic  acid  and  a  buif-coloured  crystalline  substance 
obtained,  which  on  heating  began  to  sinter  at  250°  and  decomposed 
without  melting  completely  below  300°. 

01071  gave  224  c.c.  moist  nitrogen  at  20°  and  767-5  mm.    N  =  24-15. 
CjoHgOgN"^  (monohydrazone)  requires  ]Sr  =  24-13  per  cent. 
C^gHj^O.-Ng  (dihydrazone)  i-equires  1!^  =  26-08  per  cent. 

Tetraketopiperazine  dissolves  sparingly  in  water,  forming  a  solution 
which  has  an  acid  reaction  ;  on  addition  of  ammonium  hydroxide  an 
ammonium  salt  is  precipitated  which  dissolves  on  dilution.  This 
salt  is  decomposed  by  hydrochloric  acid  with  the  formation  of  the 
parent  substance.     A  mercury  salt  was  also  obtained. 

On  boiling  with  aniline  a  white  crystalline  compound  is  formed 
which  sublimes  with  great  readiness  to  a  voluminous  white  product, 
melting  between  210 — 215°.  It  is  decomposed  on  treatment  with 
boiling  aqueous  caustic  potash,  aniline  being  evolved.  This  product 
will  be  further  investigated. 

The  Okoanig  Laboratories, 

IlNivERsrrY  OF  Liverpool. 
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XVII. — Synthesis  of  Terehic,  Terpenylic,  ayid  Ilomoter- 

penylic  Acids. 

By  John  Lionel  Simonsen 
(Schunck  Research  Fellow  in  the  University  of  Manchester). 

„„      ,  .,     CMe,/CH-CO,H     CMe./CH-CH.-CO.H 

TereLic  acid  Terpenylic  aciil 

,  2     ,  2  2  2 

0-C0-CH2 

IIoinoteii>enylic  acid 
are  all  produced  by  the  action  of  oxidising  agents  on  pinene  and  have 
always  been  considered  of  great  importance,  since  the  determination  of 
their  constitution  has  done  much  to  solve  the  difficult  problem  of  the 
constitution  of  pinene. 

The  constitution  of  terebic  acid  has  been  very  carefully  investigated 
by  Fittig  and  his  pupils  {Annalen,  1876,  180,  45  ;  1881,  208,  37  ;  1883, 
220,  254;  1884,  226,  365;  1899,  304,  220),  and  the  acid  has  also 
been  obtained  synthetically  by  several  methods  {Ber.,  1893,  26,  2047, 
2315  ;  Trans.,  1899,  75,  531  ;  Compt.  rend.,  1906,  142,  1477),  perhaps 
the  most  important  being  that  carried  out  by  Blaise  {Comjit.  rend., 
1898,  126,  349),  who  obtained  it  by  the  action  of  acetone  on  ethyl 
bromosuccinate  in  the  presence  of  the  zinc-copper  couple. 

The  formula  given  above  for  terpenylic  acid  was  first  suggested  by 
Wallach  (Annalen,  1890,  259,  322)  and  subsequently  shown  to  be  cor- 
rect by  the  careful  investigations  of  Fittig  {Annalen,  1896,  288,  176), 
Mahla  and  Tiemann  (Ber.,  1896,  29,  928),  and  Schryver  (Trans.,  1893, 
63,  1338).  Lawrence  (Trans.,  1899,  75,  531)  succeeded  in  obtaining 
this  acid  synthetically  by  oxidising  yS-isopropylglutaric  acid  by  means 
of  chromic  acid  solution,  and  thus  there  can  be  no  doubt  as  to  its 
constitution. 

Homoterpenylic  acid  was  first  obtained  by  Baeyer  (Ber.,  1896,  29, 
1919)  by  the  oxidation  of  homoterpenoylformic  acid  (an  oxidation  pro- 
duct of  pinene)  with  nitric  acid  or  lead  oxide. 

CMe2-CH-CH2-CH2-CO-C02H      _         CMe2-CH-CH,-CH2-COoH 
0-c6-CH2  ~^    6-CO-CH2      "  "    • 

In  conjunction  with  Villiger  {Ber.,  1896,  29,  1923)  he  also  obtained 
it  by  the  oxidation  of  nopinone  : 


.CH CO 

^^   '       ^    X„  0-CO-CH. 


CH CH., 


CMe^-CH-CH^-CH/COaH 

2 
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Its  constitution  was  deduced  by  Baeyer  {Ber.,  1896,  29,  2775)  from 
the  fact  that  on  oxidation  it  yielded  a  mixture  of  terebic  and  terpenylic 
acids. 

In  considering  the  formulae  of  these  acids  ifc  seemed  probable  that  a 
convenient  method  of  synthesis  would  be  to  act  on  the  corresponding 
keto-ester  with  magnesium  methyl  iodide,  especially  since  it  is  known 
that  in  such  cases  the  keto-group  reacts  with  the  reagent  before  the 
carbethoxy-group  is  attacked  (compare  W.  H.  Perkin,3uu.,  Trans.,  1901, 
85,  654).  It  has  already  been  noticed  (Grignard,  Comj)t.  rend.,  1902, 
135,  629;  Jones  and  Tattersall,  Trans.,  1904,  85,  1691)  that  keto- 
esters  containing  the  keto-group  in  the  y-position  react  with  magnesium 
methyl  iodide  with  the  direct  formation  of  lactones. 

This  process  was  first  applied  to  ethyl  acetosuccinate,  which,  when 
treated  with  magnesium  methyl  iodide,  is  directly  converted  into  ethyl 
terebate  : 

COMe-CH(C02Et)-CH2-COoEt     -^ 

CMe2(0MgI)-CH(C0oEt)-CR/C0oEt     -^ 

CMe2-CH-C0oEt 

6-CO-CH",      "       • 

The  yield  of  this  ester  is  good,  and,  since  simply  boiling  with  hydro- 
chloric acid  converts  it  readily  into  terebic  acid,  it  is  probable  that  this 
synthesis  constitutes  the  most  convenient  method  for  the  preparation  of 
this  acid. 

Under  similar  conditions  ethyl  /3-acetyIglutarate  is  found  to  react 
readily  with  magnesium  methyl  iodide  with  formation  of  ethyl 
terpenylate  : 

COoEfCH,/CH(COMe)-CH2-COoEt     — > 

C02Et-CH2-CH(CMe,-OMgI)CH,-C02Et     — > 
CMe.,-CH-CH.-CO„Et 
0C0-CH2 

This  ester  is  again  obtained  in  a  good  yield  and,  when  digested  with 
hydrochloric  acid,  is  at  once  convei'ted  into  terpenylic  acid. 

In  order  to  synthesise  homoterpenylic  acid  it  was  necessary  in  the 
first  place  to  prepare  yS-acetyladipic  acid.  This  was  readily  done  by 
treating  the  sodium  compound  of  ethyl  acetosuccinate  with  ethyl 
j8-iodopropionate,  when  ethyl  ^-acetylbutane-aySS-tricarboxylate  is 
formed  : 

COMe-C]Sra(C02Et)-CH2-C02Et  -t-  CH2l-CH2-COoEt     -^ 

COMe-C(C02Et)-CH2-COoEt 

CH2-CH2-C02Et    '        +      ^  • 
VOL.    XCI.  O 
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When  this  ester  is  digested  with  hydrochloric  acid  it  is  hydrolysed, 
curbon  dioxide  is  eliminated,  and  /8-acetyladipic  acid, 

COMe-0H(CH2-CO2H)-CH2-CH2-CO2H, 
a  crystalline  substance  melting  at  102°,  is  produced. 

The  ester  of   this  acid  reacts  readily  with  magnesium  methyl  iodide 
with  formation  of  ethyl  homoterpenylate  : 
COMe-CH(CH2-C02Et)-CH2-CH2-C02Et     — > 

CMe2(OMgI)-CH(CH2-C02Et)-CH2-CH2-C02Et    -^ 
CMe,-CH-OH,-CH.-CO,Et 
O-CO-CHo 

This  ester  on  hydrolysis  yielded  homoteipenylic acid  which  melted  at 
100 — 101°  and  had  all  the  properties  ascribed  to  it  by  Baeyer. 

.,    CMe.rCH-CO.,H  .  .        ., 

Synthesis  oj  Terebic  Acid,   A       "   I  . — In  preparing  this  acid, 

ethyl  acetosuccinate  (21  grams),  mixed  with  about  four  times  its  volume 
of  dry  ether,  was  slowly  added  to  a  well-cooled  ethereal  solution  of 
magnesium  methyl  iodide  (prejiaied  from  21  grams  of  methyl  iodide 
and  4  grams  of  magnesium).  The  reaction  is  extremely  vigorous  and 
the  white  magnesium  compound  soon  separates.  After  standing  over- 
night the  magnesium  compound  was  carefully  decomposed  by  the  slow 
addition  of  water  and  dilute  hydrochloric  acid ;  the  ethereal  layer  was 
then  separated  and  the  acid  solution  extracted  twice  with  small  quanti- 
ties of  ether.  The  mixed  ethereal  extrao-ts  were  washed  with  a  little 
sodium  hydrogen  sulphite  solution,  to  remove  iodine,  and  afterwards 
dried  and  evaporated. 

The  residual  yellow  oil  was  fractionated  under  reduced  pressure  (18 
mm.),  when  it  all  passed  over  at  140 — 150°,  and,  on  refractionating, 
almost  the  whole  quantity  disiilled  constantly  at  145 — 147°  (15  mm.), 
and  evidently  contained  some  unchanged  ethyl  acetosuccinate,  since 
it  still  gave  a  violet  coloration  with  ferric  chloride. 

In  order  to  obtain  terebic  acid  the  crude  product  (17  grams)  was 
hydrolysed  by  boiling  in  a  reflux  apparatus  with  concentrated  hydro- 
chloric acid  (50  c.c).  Owing  to  the  presence  of  the  ethyl  acetosuccin- 
ate some  carbon  dioxide  was  evolved  at  first  and  after  heating  for  eight 
hours  the  oil  had  completely  dissolved.  The  hydrochloric  acid  was 
evaporated,  when  a  semi-solid  brown  mass  remained,  which  was  dissolved 
in  hot  water  and  boiled  for  a  few  minutes  with  animal  charcoal. 

The  solution  was  filtered  and  concentrated,  when,  on  cooling,  colour- 
It  ss  needles  were  deposited.  After  collecting  and  recrystallising  fi'om 
water,  the  following  results,  agreeing  with  those  I'equired  by  terebic 
acid  were  obtained  on  analysis  : 

0-1524  gave  0-2978  CO2  and  0-0850  HgO.     C  =  53-2  ;  H  =  6-2. 
C;HjqO^  requires  C  =  53-2  3  H  =  6-3  per  cent. 
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The  acid  melted  at  174°,  which  is  the  melting  point  given  by  Fittig 
and  Melck  {Annalen,  1876, 180,  45)  to  terebicacid.  The  characteristic 
barium  salt  of  the  diaterebic  acid  was  also  prepared  by  boiling  the  solu- 
tion of  terebic  acid  with  excess  of  baryta,  removing  the  excess  with 
carbon  dioxide,  and  precipitating  the  barium  diaterebate  with  alcohol. 

0-4589  gave  0-2940  BaSO^.     Ba  =  37-6. 

CyHjoOgBa  +  SH.^O  requires  Ba  =  37-5  per  cent. 

,.     ,   .,    CMe,-CH-CH./CO,H       ^,    ,      ^ 

lerpenylic  Acid,   A.p/^.Ao-         "  • — Ji'thyl     /?-acetylghitarate, 

C02Et-CH^-CH(COMe)'CH2-C02Et,     was   found  to   be   most   readily 

0— OMe-0 
obtained  from  the  dilactone  of  y8-acetylglutaric  acid,  CHg       ,  by  the 

CO-CH-CO 
method  described  by  Fittig  [Annalen,    1900,   314,    21),  who  obtained 
this  dilactone  from  the   sodium  salt  of  tricarballylic  acid  by  heating 
with  acetic  anhydride. 

In  preparing  terpenylic  acid,  ethyl  /^-acetylglutarate  (20  gi-ams), 
dissolved  in  about  four  times  its  volume  of  dry  ether,  was  slowly  added 
to  a  well-cooled  ethereal  solution  of  magnesium  methyl  iodide  (pi-epared 
from  5  grams  of  magnesium  and  25  grams  of  methyl  iodide).  After 
standing  overnight  the  magnesium  compound  was  cautiously  decom- 
posed with  water  and  dilute  hydrochloric  acid ;  the  ethereal  layer  was 
then  separated  and  the  acid  solution  extracted  twice  with  a  little 
ether.  The  combined  ethereal  extracts  were  washed  with  a  little 
sodium  hydrogen  sulphite  solution,  to  remove  iodine,  and  afterwards 
dried  and  evaporated.  The  oil  thus  obtained  when  fractioned  under 
reduced  pressure  (15  mm.)  passed  over  almost  completely  between 
140 — 175°,  a  small  quantity  only  of  a  substance  of  higher  boiling  point 
remaining  in  the  distilling  iiask. 

On  refractionating,  the  distillate  was  readily  separated  into  two  por- 
tions boiling  at  155 — -161°  and  169 — 171°  (15  mm.),  and  the  high  boil- 
ing fraction,  when  cooled  in  a  freezing  mixture,  crystallised. 

The  mass  was  left  in  contact  with  porous  porcelain  until  free  from 
oil  and  then  purified  by  recrystallisation  from  ether,  when  colourless 
crystals  were  obtained  which  melted  at  37° ;  this  is  the  melting  point 
given  to  ethyl  terpenylate  by  Fittig  and  Levy  (Amuden,  1899,  256, 
112),  and  the  identity  was  confirmed  by  analysis  and  subsequent 
hydrolysis. 

0-1599  gave  0-3506  CO^  and  0-1122  H.^O.     0  =  59-8  ;  H  =  7-8. 
C^oH^gO^  requires  C  =  60-0  ;  H  =  8-0  per  cent. 

The  ethyl  terpenylate  (6  grams)  was  hydrolysed  by  boiling  with  con- 
centrated hydrochloric  acid  (50  c.c.)  when,  after  eight  hours,  the  oil  had 
completely  dissolved.     The  hydrochloric  acid  was  removed  by  evapora- 
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tion  on  the  water-bath  and  the  residual  crystalline  m\s.s  purified  \>y 
recrystallising  from  water  with  the  aid  of  animal  charcoal.  In  this 
way  colourless  prisms  were  obtained  which  showed  the  characteristic 
pi-operties  of  terpenylic  acid  ;  namely,  when  left  in  the  air  until  dry,  the 
melting  point  was  56°,  but  after  exposure  over  sulphuric  acid  for 
some  days  the  melting  point  was  found  to  be  89°  (compare  Lawrence, 
loc.  cit.). 

The  acid  melting  at  89°  gave  the  following  results  on  analysis  : 
0-1611  gave  0-3301  COg  and  0-1006  H^.     C  =  55-9;  H  =  6-9. 
CgHjgO^  requires  C  =  55-8  ;  H  =  7'0  per  cent. 

P-Acetyladipic  Acid,  COMe-CH(CH2-C02H)-CH2-CH2-C02H. 

Preparation  of  ethyl  ft-acetylbutane-ajSS-tricarboxylate, 
C02EfCH2-CH2-CAc(CO,Et)-CH,-C02Et. 
This  substance,  which  has  not  previously  been  described,  was  readily 
obtained  as  follows.  Sodium  (5-7  grams)  was  dissolved  in  alcohol 
(100  c.c),  and,  after  cooling,  ethyl  acetosuccinate  (54  grams)  was  added. 
The  sodium  compound  was  then  mixed  with  ethyl  ^-iodopropionate 
(60  grams)  in  small  quantities  at  a  time,  any  rise  of  temperature  being 
carefully  avoided  by  cooling  with  water.  After  standing  overnight  the 
mixture  was  heated  on  the  water-bath  for  half  an  hour  and  the  liquid, 
which  should  be  quite  neutral,  was  cooled  and  diluted  with  water.  A 
heavy  oil  separated  which  was  extracted  tliree  times  with  ether ;  the 
ethereal  solution  was  well  washed  with  water  to  remove  alcohol,  dried, 
and  evaporated. 

The  oil  thus  obtained  was  fractionated  under  reduced  pi-essure 
(16  mm.),  when  almost  the  whole  quantity  (70  grams)  passed  over 
between  195—205°,  and  after  refnictionation  at  200—201°  (14  mm.). 

0-1643  gave  0-3418  00.^  and  0-1120  H^.     C  =  56-7 ;  H  =  7-6. 
CjjHgjOy  requires  C  =  56-9  ;  H  =  7-6  per  cent. 

Ethyl  (i-acetylbutane-ajih-trlcarhoxylate  is  a  viscid  colouiless  oil 
having  a  pleasant  ethereal  odour.  It  gives  no  coloration  with  ferric 
chloride. 

In  order  to  prepare  yS-acetyladipic  acid  this  ester  (70  grams)  was 
hydrolysed  by  boiling  with  concentrated  hydrochloric  acid  (140  c.c.)  in 
a  flask  provided  with  a  reflux  condenser.  At  first  there  was  much 
frothing  owing  to  the  evolution  of  carbon  dioxide,  and  after  eight  hours 
water  (100  c.c.)  was  added  and  the  solution  boiled  for  a  further  period 
of  eight  hours.  The  hydrochloric  acid  was  then  removed  on  the  water- 
bath,  when  a  very  viscous  yellow  syrup  was  obtained  which,  on  vigorous 
rubbing,  solidified  to  a  crystalline  mass. 

The  ^-acetyladipic  acid  (40  grams)  was  crystallised  from  dry  ether, 
from  which  it  separated  in  plates,  melting  at  102°.     That  this  was  the 


_ 


TER-PENYLIC,   AND    HOMOTERPENYLIC    ACIDS  189 

acid,  and  not  either  the  dilactone  or  the  semilactone  of  j8-acetyladipic 
acid,  as  might  be  expected  from  analogy  with  ^-acetylglutaric  acid,  is 
shown  by  the  following  analysis  : 

0-1423  gave  02653  CO^  and  00824  H^O.     C  =  50-8;  H=6-4. 
^'8^12^5  requires  C  =  51-l  ;  H  =  6'4  per  cent. 

fi-Acetyladipic  acid  is  readily  soluble  in  water,  alcohol,  acetone, 
acetic  acid,  formic  acid,  or  ethyl  acetate  in  the  cold;  sparingly  so  in 
ether,  benzene,  or  chloroform,  even  on  boiling  ;  and  almost  insoluble  in 
light  petroleum. 

The  basicity  of  the  acid  was  determined  in  the  first  place  by  titration 
with  standard  aqueous  caustic  potash. 

0'1349  neutralised  0*0793  KOH,  whereas  this  amount  A  a  dibasic 
acid,  CsHjgOj,  should  neutralise  0-0797  KOH. 

The  silver  salt  of  /3-acetyladipic  acid  was  prepared  by  adding  silver 
nitrate  to  a  slightly  alkaline  solution  of  the  ammonium  salt,  when  it 
separated  as  a  flocculent  precipitate  readily  soluble  in  hot  water  from 
which  it  was  crystallised. 

0-1117  gave  0-0598  Kg.     Ag  =  53-5. 

C8HjQ05Ag2  requires  Ag  =  53-7  per  cent. 

^-Acetyladipic  acid  semicarbazone. — When  an  aqueous  solution  of 
j8-acetyladipic  acid  was  mixed  with  semicarbazide,  hydrochloride,  and 
sodium  acetate  nothing  separated,  but  after  some  time  the  semi- 
carbazone was  slowly  deposited  in  warty  masses.  After  crystallising 
from  hot  water  in  which  the  substance  is  readily  soluble,  the  following 
results  wei'e  obtained  : 

0-2071  gave  0-3109  CO2  and  0-1175  HgO.     C  =  40-9;  H-6-3. 

0-1654     „     22-3  c.c.  nitrogen  at  19°  and  767  mm.     N-  15-7. 
CgHjgOsNgjHgO  requires  0  =  41-1 ;  H  =  6-5;  N  =  15-9  per  cent. 

This  substance,  which  melts  at  89 — 90°  and  is  sparingly  soluble  in 
cold  water,  is  probably  the  semicarbazone  of  /3-acetyladipic  acid, 
crystallising  with  one  molecule  of  water  of  ^crystallisation.  That  it  is 
not  simply  the  semicarbazide  salt  of  the  acid  is  shown  by  the  fact 
that  it  dissolves  instantly  in  sodium  hydrogen  carbonate  solution. 

Ethyl  (3-acetyladipate. — In  order  to  prepare  this  ester  /3-acetyladipic 
acid  (35  grams)  was  dissolved  in  a  mixture  of  alcohol  (175  c.c.)  and 
sulphuric  acid  (17  c.c.)  and  boiled  for  two  days  on  the  water-bath. 
After  cooling,  the  mixture  was  poured  into  water,  when  a  heavy  oil 
separated  which  was  extracted  twice  with  ether.  The  ethereal  extract 
was  well  washed  with  dilute  aqueous  sodium  carbonate,  dried,  evapor- 
ated, and  the  yellow  oil  fractioned  under  reduced  pressure  (18  mm.), 
when  it  distilled  constantly  at  179°. 

0-1501  gave  0-3237  00^  and  0-1108  H^O.     0  =  58-8;  H  =  8-2. 
OjgHjoOg  requires  0  =  5S'0  ;  H  =  8-2  per  cent. 
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Ethyl  ^-acetyladipate  is  a  colourless  oil  with  a  slight  but  rather 
unpleasant  odour.  It  is  insoluble  in  water  but  readily  miscible  with 
most  organic  solvents. 

,.     ,   .^  CMeg-CH-CHg-CHo-COoH 
Preparation  oj  Homoterpenykc  Acta,  JL^^,^  Irj  ■ 

In  the  preparation  of  homoterpenylic  ester,  /3-acetyladipic  ester 
(29  grams),  dissolved  in  about  four  times  its  volume  of  dry  ether,  was 
slowly  added  to  a  well-cooled  ethereal  solution  of  magnesium  methyl 
iodide  (prepared  from  4  grams  of  magnesium  and  25  grams  of  methyl 
iodide).  After  standing  overnight  the  magnesium  compound  was 
cautiously  decomposed  with  water  and  dilute  hydrochloric  acid,  the 
ethereal  layer  separated,  and  the  acid  solution  extracted  twice  with 
small  quantities  of  ether.  The  combined  ethereal  extract  was 
washed  with  sodium  hydrogen  sulphite  solution,  dried  and  evaporated, 
when  a  viscid  oil  was  obtained  which  after  several  fractionations  dis- 
tilled constantly  at  186^  (18  mm.). 

0-1329  gave  0-3140  CO2  and  0-1041  H^O.     C  =  61-5;  H  =  8-3. 
Cj^HjgO^  requires  C  =  61-7  ;  H  =  8-4  per  cent. 
Ethyl  liomoterpenylate,  which  has  not  been  previously  described,  is 
a  viscous  colourless  oil  with  a  pleasant  ethereal  odour.     It  does  not 
solidify  even  when  cooled  to   -  15°. 

Ethyl  liomoterpenylate  was  readily  hydrolysed  by  digestion  with 
concentrated  hydrochloric  acid,  and,  after  evaporating,  a  viscid  colour- 
less syrup  was  obtained  which  solidified  on  cooling.  The  substance 
was  purified  by  crystallising  from  hot  water  with  the  aid  of  animal 
charcoal  and  separated  in  coloui-less  plates  melting  at  100—101°. 
Baeyer  {Ber.,  1896,  29,  1919)  gives  the  melting  point  as  98—101° 
when  cry  .stall  ised  from  water  and  as  100 — 102*5°  when  ether  is  the 
solvent. 

0-1866  gave  0-3950  CO2  and  0-1266  H^O.     C  =  57-7  ;  H  =  7-5. 
^9^14^4  requires  C  =  58-0  ;  11  =  7-5  per  cent. 
By  titration  with  standard  aqueous  caustic  potash  in  the  cold,  the 
acid  was  shown  to  be  monobasic, 

0-1650  neutralised  0-04963  KOH,  whereas  this  amount  of  a  mono- 
basic acid  of  the  formula  CgHj^O^  should  neutralise  0-04967  KOH. 

There  can,  therefore,  be  no  doubt  that  the  synthetical  acid  is  identical 
with  the  homoterpenylic  acid  obtained  by  the  oxidation  of  pinene. 

In  conclusion  I  wish  to  thank  Professor  W.  H.  Perkin  for  the  great 
interest  he  has  shown  in  this  research  and  also  for  much  valuable 
advice  and  assistance. 

The  Schunck  Laboratoky, 

The  University,  Manchester. 
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XVIII. — Preparation    of  Chromyl    Dichloride. 

By  Herbert  Drake  Law  and  Frederick  Mollwo  Perkin. 

The  method  usually  given  for  the  preparation  of  chromyl  dichloride  is 
to  acton  a  mixture  of  potassium  dichromate  and  sodium  chloride  with 
concentrated  sulphuric  acid.  Etard  (Ann.  Chim.  Phys.,  1881,  [v],  22, 
218)  used  fuming  sulphuric  acid  and  noticed  that  chlorine  was  always 
given  off  during  the  reaction,  but  he  succeeded  in  obtainiog  a  yield  of 
70  per  cent,  of  chromyl  dichloride.  As  a  matter  of  fact,  a  certain 
amount  of  reduction  of  the  chromyl  chloride  with  the  excess  of  hydro- 
chloric acid,  liberated  in  the  reaction,  always  takes  place,  even 
when  ordinary  strong  sulphuric  acid  is  used.  The  objection  to  the 
above  method  of  preparation  is  the  extreme  frothing  and  faming 
which  occurs.  In  order  to  lessen  the  frothing,  it  is  generally  recom- 
mended to  fuse  sodium  chloride  and  potassium  dichromate  together  in 
equivalent  proportions,  and  then  to  break  up  the  fused  product  info 
small  pieces.  Even  when  this  is  done  the  operation  requires  constant 
attention,  and  it  is  very  difficult  to  distil  the  chromyl  chloride  owing 
to  the  frothing. 

Moissan  [C'ompf.  rend.,  1884,  98,  582)  prepared  it  by  passing  dry 
hydrogen  chloride  over  chromic  anhydride,  but  even  by  this  method 
a  certain  amount  of  reduction  takes  place,  a  green  substance  being 
left  behind  at  the  end  of  the  reaction. 

We  tried  several  methods  for  preparing  the  product,  for  example, 
that  of  passing  dry  hydrogen  chloride  into  chromic  anhydride  sus- 
pended in  concentrated  sulphuric  acid,  the  mixture  being  cooled  by 
running  water.  This  method  gave  practically  theoretical  results,  but 
the  process  was  tedious  owing  to  a  tendency  of  the  chromic  anhydride 
to  cake  in  the  sulphur-ic  acid,  when  it  is  only  slowly  acted  on  by  the 
hydrochloric  acid.  We  found  the  most  satisfactory  method  was  to 
dissolve  chromic  anhydride  in  concentrated  hydrocliloi'ic  acid  and  then 
to  add  an  excess  of  strong  sulphuric  acid. 

Chromic  anhydride  dissolves  with  the  greatest  ease  in  concentrated 
hydrochloric  acid,  forming  a  brownish-red  solution.  On  adding  con- 
centrated sulphuric  acid  to  this  solution  and  cooling,  chromyl  dichloride 
separates,  and,  being  denser  than  the  hydrochloric-sulphuric  acid  solu- 
tion, sinks  to  the  bottom,  and  is  readily  isolated  by  means  of  a  tap 
funnel.  We  find  that  if  large  quantities  of  chromic  anhydride  are 
acted  on  at  one  time  the  reaction  does  not  proceed  as  smoothly  as  when 
smaller  quantities  are  used,  owing  to  the  difficulty  of  cooling  the  mix- 
ture and  thus  keeping  the  reaction  under  control.  When  the  reaction 
becomes  too  vigorous,  and  consequently  heating  results,  the  yield  is 


102  PREPARATION    OF   CHROMYL   DICHLORTDE. 

much  smaller,  owing  to  reduction  of  the  chromyl  dichloride.     The  best 
results  were  obtained  by  proceeding  as  follows. 

Fifty  grams  of  chromic  anhydride  are  dissolved  in  rather  more  than 
the  calculated  quantity  of  concentrated  hydrochloric  acid  (170  c.c.)  in 
a  I},  litre  flask  and  then  100  c.c.  of  concentrated  sulphuric  acid  added 
in  quantities  of  about  20  c.c.  at  one  time,  the  mixture  being  cooled 
between  each  addition.  The  sulphuric  acid  should  be  poured  into  the 
middle  of  the  solution  and  not  down  the  sides  of  the  flask,  as  it  then 
mixes  better  and  very  little  fuming  takes  place.  The  whole  of  the 
sulphuric  acid  may  be  added  in  the  coux'se  of  about  two  minutes. 

In  order  to  prepare  larger  quantities,  about  six  flasks  are  taken,  and 
into  each  flask  50  grams  of  chromic  anhydride  are  placed  and  then 
the  requisite  quantity  of  hydrochloric  acid.  The  chromic  anhydride 
immediately  dissolves.  Sulpbui'ic  acid,  100  c.c,  is  then  added 
to  each  flask,  cooling  between  the  additions  of  the  acid,  and  when 
the  reaction  in  the  six  flasks  is  complete,  the  contents  are  poured  into 
a  large  separating  funnel  and  allowed  to  stand  for  twenty 
minutes.  At  the  end  of  this  time  the  whole  of  the  chromyl  di- 
chloride will  have  separated  as  an  under  layer,  and  is  then  drawn  off 
from  the  specifically  lighter  layer  of  sulphuric  and  hydrochloric  acids. 
Proceeding  in  this  manner,  there  is  no  difl&culty  in  preparing  a  kilo- 
gram or  more  in  one  hovir. 

Dry  air  is  now  aspirated  through  the  chromyl  dichloride  for  about 
an  hour  in  order  to  remove  any  dissolved  hydrochloric  acid.  It  may 
then  be  distilled,  when  it  will  be  found  to  boil  constantly  at  115 — 116°. 
For  most  purposes^  however,  it  is  sufliciently  pure  without  this 
operation. 

It  is  often  stated  that  chromyl  dichloride  does  not  keep  well.  Our 
own  experience  is  that,  provided  it  is  freed  from  hydrochloric  acid  by 
aspirating  air  through  it  and  is  then  distilled  to  remove  any  sulphuric 
acid,  it  may  be  preserved  for  a  long  time.  It  is,  however,  essential 
to  have  the  bottles  well  stoppered  to  exclude  moisture,  as,  owing  to 
absorption  of  the  latter,  the  stoppers  often  become  fixed.  In  using  a 
burette  or  separating  funnel  the  taps  should  never  be  lubricated  with 
vaseline  or  oil,  because  of  the  vigorous  action  of  the  chromyl  di- 
chloride on  hydrocarbons. 

Chemical  Labokatory, 

BoKOUGH  Polytechnic  Institute, 
London,  S.E. 
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XIX — Beyizoyl  Derivatives  of  l^-Methylsalicylamide. 

By  James  McConnan  and  Morris  Edgar  Marples. 

It  has  been  shown  (Tifcherley  and  Hicks,  Trans.,  1905,  87,  1207  and 
McConnan  and  Tibherley,  Trans.,  1906,  89,  1318)  that  both  0-acyl 
and  iV^-acyl  derivatives  of  salicylamide  are  unstable  substances  in  the 
sense  that  they  show  a  tendency  to  rearrange,  and,  under  suitable 
conditions,  can  be  converted  into  each  other ;  and  the  view  has  been 
expressed  that  these  changes  take  place  through  an  intermediate 
cyclic  metoxazone  form,  according  to  the  scheme  : 

^CO-NH.,  _,>  CO-NH  R      __^  ^CO-NH-CO-R 

ij       4 

The  benzoyl  derivatives  of  xY-methylsalicylamide  have  been  in- 
vestigated with  the  object  of  throwing  further  light  on  this  interest- 
ing change.  O-Benzoyl-iV-methylsalicylamide  is  easily  obtained  by 
pyridine-benzoylation  of  iV-methylsalicylamide.  In  its  solubilities 
and  its  decomposition  by  cold  sulphuric  acid  to  benzoic  acid  and 
iV-methylsalicylamide  it  resembles  0-benzoylsalicylamide ;  it  behaves 
abnormally,  however,  in  all  those  reactions  by  which  0-benzoyl 
salicylamide  is  rearranged,  to  Gerhardt's  xV-benzoylsalicylamide.  The 
latter  rearrangement  takes  place,  for  instance,  when  0-benzoyl- 
salicylamide  is  melted,  when  it  is  boiled  with  water,  on  leaving 
it  to  stand  in  pyridine  solution  for  fifteen  days,  or  on  treatment 
with  aqueous  alkali.  Under  the  first  three  conditions  0-benzoyl- 
xV-methylsalicylamide  is  not  affected,  but  on  treatment  with  alkali  ib 
dissolves  slowly  with  development  of  a  yellow  colour.  Whilst  in  the 
case  of  0-benzoylsalicylamide  the  yellow  colour,  due  to  the  formation 
of  the  stable  sodium  derivative  of  ^-benzoyl salicylamide,  is  persistent, 
with  [0-benzoyl-iV-methylsalicylamide  the  colour  is  transient  and 
disappears  in  from  thirty  seconds  to  two  minutes,  according  to  the 
conditions  of  the  experiment.  There  can  be  no  doubt  that  similar 
rearrangement  occurs,  forming  the  sodium  derivative  of  iV-benzoyl- 
j.V-methylsalicylamide  : 

n  TT  /CO-NHMe  r^  „  /CO-NMeBz 

^e^i^OBz  ~~^  ^e^i^OH 

but  the  latter  is  almost  instantly  hydrolysed  to  benzoic  acid  and 
iV-methylsalicylamide  ;  this  assumption  is  necessary,  both  by  analogy 
with  the  simpler  case  mentioned,  and  from  the  fact  that  xV-methyl- 
salicylamide  yields  a  colourless  solution  in  alkalis.  Numerous 
attempts  were  made  to  isolate  ^-benzoyl-iV^-methylsalicylamide  from 
the  yellow  solution,  using  O-benzoyl-iV-methylsalicylamide,  both 
solid  and  in  alcoholic  solution,  and  varying  the  nature  and  strength 
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of  the  alkaline  reagent,  but  in  all  cases  hydrolysis  appeared  to  bo 
practically  instantaneous,  and  addition  of  dilute  acid  to  the  yellow 
solution  produced  at  most  a  precipitate  of  unchanged  O-benzoyl-iV- 
methyl  salicylamide. 

The  extreme  instability  of  xY-benzoyl-iV-methylsalicylamide  is  con- 
tirmed  by  the  study  of  (9-i\^-dibenzoyl-xV-methylsalicylamide,  obtained 
by  pyridine  benzoylation  of  (^-benzoyl-i\^-methylsalicylamide.  Were 
its  behaviour  normal  it  should  be  decomposed  by  cold  concentrated 
sulphuric  acid  into  benzoic  acid  and  xV-benzoyl-iV-methylsalicylamide 
(compare  0-^-dibenzoylsalicylamide,  McConnan  and  Titherley,  Trans., 
1906,  89,  1327),  since  it  has  been  found  in  general  that  this  reagent 
eliminates  0-acyl  groups,  but  leaves  i\^-ac.yl  derivatives  intact.  0-N- 
Dibenzoyl-iV-methylsalicylamide  dissolves  in  sulphuric  acid  and  is 
decomposed  ultimately  into  benzoic  acid  and  ^V-methylsalicylamide, 
but  if  a  relatively  small  quantity  of  acid  is  used  0-benzoyl-iV-methyI- 
salicylamide  can  be  isolated  as  an  intermediate  product.  This 
behaviour  is  analogous  to  that  of  tribenzoylsalicylamide,  and  is 
represented  by  the  scheme  : 

n  TJ  ^CO-NMeBz         ,     ^^  xr  /CO-NMeBz      'earrangement 
^^4\0Bz  "^    ^6^4\0H  ^ 

/CO-NHMe  ^  ^  ^CO-NHMe 

Since  iV-^^-dimethylsalicylamide  is  a  stable  substance  melting  at 
164°,   it  appears  that  although   derivatives  of   the   general    formula 

CgH^^QTT        ^  are  stable,  substances  of  the  type 

^CO-NRAc 

are  too  unstable  to  permit  of  isolation.  This  observation  is  of 
considerable  interest,  since  McConnan  and  Titherley  have  already 
shown  {loc.  cit.)  that  ^^-iV^-diacyl  salicylamides, 

(.  jj  ^CO-N(CO-R),  jj  /CO-N{CO-R)(CO.E,) 

are  too  unstable  to  exist. 

Experimental. 

1^-Methylsalicylamide,   C6H^<^^"-^^'^®.— This  compound,  which 

has  not  been  hitherto  described,  was  prepared  by  the  action  of 
aqueous  methylamine  on  salol.  214  grams  of  salol  and  200  grams  of 
33  per  cent,  methylamine  solution  were  allowed  to  stand  for  twelve 
hours  with  occasional  shaking ;  the  mixture  became  warm,  and  the 
reaction  was  completed  by  warming  until  all  was  in  solution.  The 
excess  of  methylamine^  was  distilled  off,  the  residue  acidified  by  dilute 
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hydrochloric  acid,  and  the  phenol  distilled  in  steam  ;  the  solution  was 
filtered  hot,  and  deposited  ^^^-methylsalicylamide  on  cooling;  a 
further  crop  of  crystals  was  obtained  by  concentrating  the  mother 
liquor.  The'  product  was  recrystallised  from  ^dilute  alcohol ;  yield  ; 
95  per  cent,  of  theory  : 

0-1867  gave  14'8  c.c.  nitrogen  at  19°  and  772  mm,     N'  =  9-26. 
CgH^Pg^  requires  N  =  9'27  per  cent. 

^-Methylsalicylamide  melts  at  89°  ;  it  is  readily  soluble  in  alcohol, 
ether,  benzene,  or  chloroform,  and  crystallises  from  dilute  alcohol  in 
colourless  plates ;  its  behaviour  with  alkaline  reagents  and  with  ferric 
chloride  is  in  every  respect  analogous  to  that  of  salicylamide. 

0-Benzoyl-l^-methylsalicylamide,  CgH^^^P  .    was    prepared 

by  adding  14  grams  of  benzoyl  chloride  to  a  solution  of  15  grams  of 
i\^-methylsalicylamide  in  45  grams  of  pyridine  at  —15°;  the  product 
was  isolated  in  the  usual  way  and  recrystallised  from  benzene. 

0-1785  gave  9  0  c.c.  nitrogen  at  21°  and  745  mm.     ]Sr  =  5-63. 
CjjHjgOgN  requires  N  =  5-49  per  cent. 

O-Benzoyl-'N-methylsalicylaimde  melts  at  122°;  it  is  readily  soluble 
in  cold  alcohol  or  chloroform,  sparingly  so  in  ether  ;  it  crystallises 
from  benzene  in  transparent,  prismatic  needles.  On  stirring  with 
aqueous  alkali  it  dissolves  slowly,  with  a  transient  yellow  colour, 
being  almost  instantly  hydrolysed  to  benzoic  acid  and  iV-methyl- 
salicylamide ;  it  is  similarly  decomposed  by  cold  concentrated 
sulphuric  acid.  Ethyl  benzoate  is  obtained  as  a  decomposition  product 
when  an  alcoholic  solution  of  0-benzoyl-iY-methylsalicylamide  is  treated 
with  alkali ;  with  sodium  ethoxide  or  aqueous  sodium  hydroxide  the 
decomposition  was  complete  in  thirty  to  sixty  seconds  (measured  by 
the  disappearance  of  the  yellow  colour),  but  with  alcoholic  ammonia 
no  colour  change  was  observed,  and  the  decomposition  required 
several  hours. 

0-N-Dibenzoyl-^-methylsalicyIa7nide,CQH^<^„jy      "^  . — 2-8  Grams 

of  benzoyl  chloride  were  added  to  a  solution  of  5  grams  of  0-benzoyl- 
i\^-methylsalicylamide  in  15  grams  of  pyridine;  after  standing  twelve 
hours  the  mass  was  stirred  with  absolute  ether,  the  ethereal  solution 
was  decanted  from  the  pyridine  hydrochloride,  washed  with  dilute 
sulphuric  acid,  and  dried  with  sodium  sulphate. 

Q-'i^-Dihenzoyl-l^-methylsalicylamide  separated  on  adding  light 
petroleum,  and  was  crystallised  from  a  mixture  of  ether  and  light 
petroleum,  from  which  it  was  obtained  in  large  hexagonal  prisms, 

0-1754  gave  5*9  c.c.  nitrogen  at  19"  and  772  mm.     ^  =  3-93. 
CqgHj^O^N  requires  ISr  =  3-90  per  cent. 
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Dibenzoyl-iV-methylsalicylamide  melts  at  85°  ;  it  is  readily  soluble 
iu  alcohol,  ether,  or  chloroform,  moderately  so  in  benzene,  and  very 
sparingly  so  in  light  petroleum.  It  is  insoluble  in  cold  aqueous 
caustic  soda,  liut  on  boiling  it  is  hydrolysed  slowly  to  iV-methyl- 
salicylamide  and  benzoic  acid.  The  same  decomposition  products 
were  ol)tained  by  dissolving  it  in  excess  of  cold  concentrated  sulphuric 
acid  and  allowing  to  stand  for  four  days,  whilst  with  a  smaller 
quantity  of  sulphuric  acid  and  only  four  hours'  action  0-benzoyl-^- 
methylsalicylamide  was  obtained  as  decomposition  product. 

Organic  Labokatory, 

UNIVEHSITY    OB'    LlVlCRFOOL. 


X  X .  — Disa  licylamide. 
By  James  McConnan, 


DISALICYLAMIDE  (HO-C,.,H4-CO-NH-CO-CgH4-OH)  was  first  obtained 
by  Schulerud  (/.  pr.  Chem.,  1880,  [ii  ],  22,  289)  by  the  action  of 
hydrogen  chloride  on  heated  salicylamide. 

Subsequently  G.  Cohn  (J.  2»'-  Chem.,  1900,  [ii],  61,  552)  found  that 
disalicylamide  is  formed  when  salol  and  salicylamide  are  heated 
together  at  215 — 220°  ;  at  the  same  time  he  appears  to  have  obtained 
a  second  compound  which  was  formulated  as  0-salicylsalicyIamide, 
CgH^(C0*NH2)'0*C0*C,;H^"0H,  the  properties  of  which  were,  however, 
practically  identical  Avith  those  of  disalicylamide  {Patentschrift,  No. 
111,656). 

These  two  compounds  are  recorded  in  Beilstein's  Handbuch 
{E7'ganzungsband  II.,  892,  893),  but  the  author,  from  previous  work  on 
acyl  derivatives  of  salicylamide  (Trans.,  1906,  89,  1318),  was  led  to 
doubt  Cohn's  conclusions  as  to  the  supposed  C-salicylsalicylamide. 
The  properties  assigned  to  the  latter  by  Cohn  were  inconsistent  with 
the  0-salicyl  formula,  as  was  also  its  mode  of  formation  from  salol  and 
salicylamide,  inasmuch  as  ammonia  is  evolved  in  the  reaction  ;  it  is  now 
known  that  0-acyl  derivatives  of  salicylamide  are  instantly  rearranged 
to  the  corre^ponding  iV-acyl  derivatives  by  ammonia. 

The  reaction  between  salol  and  salicylamide  has  been  repeated  with 
the  object  of  investigating  this  point,  and  it  has  been  proved  that 
0-salicylsalicylamide  is  r\ot  formed.  Two  compounds  are  produced, 
namely  : 

(1)  Disalicylamide:  HO-CeH^-CO-NH-CO-CgH^-OH,  m.  p.  203°. 
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("2)  Polysalicylnitrile,  m.  p.  297''  (Limpricht,  Annalen,  1856,  98, 
261,  &c.). 

The  proportions  of  eajli  vary,  and  the  amount  of  polysalicylnitrile 
formed  increases  rapidly  with  the  propoi'tion  of  salicylamide  used. 

0-Salicylsalicylamide  has  been  obtained,  however,  by  the  rearrange- 
ment of  disalicylamide  by  boiling  with  glacial  acetic  acid,  the  chmge 
taking  place,  according  to  the  author's  view,  through  an  intermediate 
cyclic  form  : 

'-oti4\o-CO-CeH4-OH 

(compare  rearrangement  of  iV-benzoylsalicylamide,  McConnan  and 
Titherley,  Trans.,  1906,  89,  1321). 

O-Salicylsalicylamide  undergoes  the  reverse  change  into  disalicyl- 
amide on  meltiug,  on  boiling  with  water,  on  standing  in  pyridine 
solution,  or  on  treatment  with  alkaline  reagents ;  the  two  compounds 
are,  in  fact,  in  every  respect  an  ilogous  to  the  two  benzoyl  and  the  two 
acetyl  salicylamides  already  described  [loc.  cil.,  and  Titherley  and 
Hicks,  Trans.,  1905,  87,  1207). 

The  study  of  disalicylamide  has  led  to  the  detection  of  an  error  in 
the  recent  work  on  acyl  derivatives  of  salicylamide  (McConnan  and 
Titherley,  Trans.,  1906,  89,  1326)  ;  it  was  stated  that  the  action  of 
benzoyl  chloride  on  a  pyridine  solution  of  Gerhardt's  benzoyl  salicyl- 
amide at  -  15°  led  to  the  formation  of  two  compounds  : 

(1)  0-zV-Dibenzoylsalicylamide  :  C^jH^^  .^  '  (m.  p.  128°). 

(2)  2  :  2-Phenyl-O-benzoylhydroxybenzometoxazone  : 

C.H.-O^^'^OBz  ^"'-  ^'-  ^^^  ^' 
All  subsequent  attempts  to  prepare  the  second  compound  in  the 
same  way  failed,  and  it  has  been  shown  that  the  formation  of  the 
derivative  melting  at  160°  was  due  to  the  unsuspected  presence  of 
disalicylamide  as  impurity  in  the  benzoylsalicylamide  used.*  It  has 
been  found  that  the  compound  melting  at  160°  is  easily  obtained  by 
pyridine  benzoylation   of  disalicylamide,   and   that   it  is  dibenzoyldi- 

T       1  -A         n   TT^^0'NH-C6\^   -U- 

sahcylamide  :  CgH,<^^^^       ^^^j^C^H^. 

The  view  taken  by  McConnan  and  Titherley  of  the  tautomeric 
character  of  Gerhardt's   benzoylsalicylamide  is  thus  deprived   of  one 

*  The  con  litions  for  the  production  of  disalicylamide  are  present  iu  Gerhardt's 
method  of  prejiaring  benzoylsalicylamide,  since  the  method  involves  heating  salicyl- 
amide iu  presence  of  hydrochloric  acid. 
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point  of  evidence  previously  adduced  in  its  support ;  this  view,  how- 
ever, has  since  been  confirmed  by  new  experimental  evidence  to  be 
published  shortly. 

E  X  P  E  U  I  M  E  N  T  A  L. 

O-Salicyhalicylamide,  CgH4<^j^.p^.  p2      .^.tt. 

42"8  Grams  of  salol  (1  mol.)  were  heated  with  41  •!  grams  of  salicyl- 
amide  (1^  mols.)  for  two  hours  at  220'^,  the  phenol  formed  by  the 
reaction  being  allowed  to  distil  off.  The  product  was  poured  into 
100  c.c.  of  alcohol,  and  the  resulting  yellow  precipitate,  consisting  of 
a  mixtui-e  of  disaiicylamide  and  polysalicylnitrile,  was  separated.  The 
mixture  was  boiled  for  three  hours  with  300  c.c.  of  glacial  acetic  acid, 
when  the  disaiicylamide  completely  dissolved,  being  at  the  same  time 
partly  rearranged  to  C-salicylsalicylamide.  The  insoluble  polynitrile 
was  filtered  from  the  hot  solution  and  washed  with  acetic  acid  and 
water  ;  it  weighed  4  grams  and  melted  at  297°. 

The  hot  acetic  acid  solution,  on  cooling  and  dilutiug  with  water, 
deposited  20  grams  of  a  mixture  of  disaiicylamide  and  C-salicylsalicjl- 
amide;  these  were  separated  from  the  dry  mixture  by  extracting  with 
boiling  benzene,  in  which  disaiicylamide  is  insoluble.  0-Salicylsalicyl- 
amide  crystallised  in  a  pure  state  from  the  hot  benzene  filtrate;  it  was 
filtered  and  washed  with  light  petroleum. 

0-2441  gave  117  c.c.  nitrogen  at  21°  and  772  mm.     N  =  5-54. 
Cj^H^^O^N  requires  1^  =  5  45  per  cent. 

o- Scdicylsalicylaiiiide  melts  at  157°,  but  solidifies  in  the  course  of  a 
few  seconds  owing  to  rearrangement  to  disaiicylamide,  which  then 
melts  at  200°.  It  is  readily  soluble  in  alcohol  or  hot  benzene, 
moderately  so  in  ether,  sparingly  so  in  light  petroleum  or  cold  benzene  ; 
it  crystallises  fx'om  benzene  in  colourless  plates.  Its  alcoholic  solution 
gives  with  aqueous  ferric  chloride  an  intense  red  colour,  which  changes 
to  violet  on  diluting  with  water.  0-Salicylsalicylamide  is  quantita- 
tively rearranged  to  disaiicylamide  on  boiling  with  water.  It  is  readily 
soluble  in  pyridine,  and  the  solution  gradually  acquires  a  yellow  colour 
owing  to  the  formation  of  disaiicylamide,  and  the  rearrangement  is 
complete  in  six  days.  Acjueous  alkalis  dissolve  it  rapidly,  yielding  a 
yellow  solution  from  which  disaiicylamide  is  precipitated  on  acidify- 
ing ;  in  the  case  of  sodium  hydroxide,  the  sparingly  soluble  orange 
salt  of  disaiicylamide  is  first  formed  and  dissolves  on  dilution. 
0-Salicylsalicylamide  is  rapidly  decomposed  by  cold,  strong  sulphuric 
acid  into  salicylamide  and  salicylic  acid  (compare  behaviour  of  its 
isomeride  with  strong  sulphuric  acid).  Its  constitution  follows  from 
the  close  similarity  between  its  properties  and  those  of  o-benzoylsalicyl- 
amide  {luc.  cit.). 
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Disalicylamide,  C^H^'C^^tt         fro-^^(i^4' 

Disalicylamide  was  prepared  by  boiling  finely-powdered  0-s.ilicyl- 
salicylamide  with  fifty  times  its  weight  of  water  for  fifteen  minutes, 
when  it  was  obtained  as  a  very  bulky,  white,  fibrous  mass  melting  at 
200° ;  this  crystallised  from  alcohol  in  yellow  needles  melting  at  203^, 
the  properties  of  which  agree  in  all  respects  with  those  ascribed  to 
disalicylamide  by  Schulerud  and  by  G.  Cohn  {loc.  cit.). 

Disalicylamide  is  sparingly  soluble  in  hot  glacial  acetic  acid,  but 
prolonged  boiling  converts  it  into  the  readily  soluble  O-salicylsalicjd- 
amide.  One  gram  of  disalicylamide  was  completely  dissolved  by  10 
grams  of  acetic  acid  after  thirty  minutes'  boiling ;  the  mixtui-e  of  the 
isomerides  obtained  by  cooling  and  precipitating  with  water  contained 
66  per  cent,  of  0-salicylsalicylamide. 

Disalicylamide  is  dissolved  without  change  by  cold,  strong,  sulphuric 
acid ;  it  is  decomposed  into  salicylamide  and  salicylic  acid  by  heating 
it  with  strong  aqueous  ammonia  in  a  sealed  tube  at  115°  for  four 
hours. 

Dihenzoyldisalicylamide,    G^^<^^j.     ^  ^^^CgH^,  is   obtained  in 

70  per  cent,  yield  by  pyridine  benzoylation  of  disalicylamide  at  -  15°. 

0  2608  gave  7-0  c.c.  nitrogen  at  23°  and  770  mm.     N  =  3-07. 

0-3006     „     8-0       „  „         20°    „    771mm.     N  =  3-09. 

CggH^tjO^jN  requires  N  =  3*01  per  cent. 

The  description  of  this  compound  already  given  {loc.  cit.)  must  be 
amended  in  so  far  as  it  yields  disalicylamide  on  decomposition  by  sul- 
phuric acid  or  sodium  hydroxide. 

Organic  Laboratory, 
llNiVERsrrY  OF  Liverpool. 


XXI. — The  Relation    between    Absorption    Spectra  and 

Optical  Rotatory  Power.      Part    I.    The  Effect  of 

Unsaturation  and  Stereoisomerism. 

By  Alfred  Walter  Stewart  (Carnegie  Research  Fellow). 

In  the  course  of  some  previous  investigations,  parts  of  which  were 
carried  out  in  conjunction  with  Mr.  E.  C.  C,  Baly,  the  author  was  able 
to  show  that  a  close  relation  exists  between  the  absorption  spectra  and 
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chemical  reactivity  of  certain  compounds.  Up  to  the  present  time  no 
attempt  appears  to  have  been  made  to  correlate  in  a  similar  manner 
the  absorption  spectra  of  optically  active  substances  with  their  rotatory 
powers  ;  and,  as  this  research  seemed  likely  to  furnish  results  of  some 
interest,  the  work  was  undertaken. 

A  change  in  the  rotatory  power  of  a  compound  may  be  brought 
about  in  many  different  way-s,  for  example,  by  a  change  in  tempei'a- 
ture,  by  a  change  in  the  solvent  in  which  the  compound  is  dissolved 
when  the  observation  is  cai'ried  out,  by  the  addition  of  certain  inactive 
substances  to  the  solution,  itc.  None  of  these  examples,  however, 
seemed  to  furnish  a  good  test  case  ;  and  it  was  decided  that  in  the  first 
instance  it  w^ould  be  best  to  compare  the  effects  on  the  rotation  and 
sjiectrum  pi-oduced  by  a  given  series  of  changes  in  the  constitution  of 
certain  substances.  Now  the  simplest  change  in  constitution  which 
produces  a  well-marked  effect  on  the  chemical  and  physical  properties 
of  an  organic  substance  is  the  change  from  the  .saturated  to  the  un- 
saturated condition  ;  and  since  the  question  of  stereoisomerism  is  closely 
allied  to  that  of  unsaturation,  it  was  thought  well  to  study  these  points 
together.  The  author  has  in  pieparation  papers  on  the  tartaric  acids 
and  similar  isomerides ;  and  at  a  f  utm^e  date  he  hopes  to  study  the 
question  of  the  effect  of  solvents,  mutarotation,  and  other  branches  of 
the  subject. 

It  is  well  known  that  the  degree  of  saturation  of  a  carbon  compound 
is  closely  connected  with  the  rotatory  power.  Walden  {Zeit.  phi/sikal. 
Chem.,  1896,  20,  569)  has  made  a  detailed  study  of  the  point,  and  has 
shown  that  in  general  it  may  be  said  that  a  change  from  the  saturated 
to  the  unsaturated  condition  in  any  compound  produces  a  ri.se  in  rota- 
tory power.'^  As  the  results  obtained  by  Walden  were  sufficient  for  the 
purpose  at  present  in  view,  it  was  only  necessary  to  examine  the 
.absorption  spectra  of  those  compounds  with  which  he  had  already 
dealt. 

With  regard  to  the  relation  between  the  absorption  spectra  of 
saturated  and  unsaturated  compounds,  reference  may  be  made  to 
papers  by  the  following  workers :  Hartley  and  Huntingdon  {Phil. 
Trans.,  1879,  170,  257),  Hartley  (Trans.,  1881,  39,  153),  Dros.sbach 
{Ber.,  1902,  35,  1486),  and  Magini  {Nuovo  Cim.,  1903,  [v],  6,  343; 
P/iys.  Zeit,  1904,  5,  69). 

The  first  question  which  presented  itself  was  the  effect  of  substitut- 
ing a  double  or  triple  bond  for  a  single  linking.  It  is  obvious  that 
when  two  hydrogen  atoms  are  removed  from  a  compound,  the  molecule 
will  undergo  a  profound  change  in  constitution,  and  especially  in  those 

*  He  has  since  {Zeit.  physikal.  Cliem.,  1906,  55,  1)  pointed  out  that  the  amyl 
alcohol  used  by  him  was  not  optically  pure,  but  states  that  this  in  no  way  depreciates 
the  \alue  of  his  results  for  purposes  of  comparison  with  each  other. 
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physical  properties  which  are  most  intimately  connected  with  the 
vibrations  of  the  ether,  such  as  the  refractive  index  and  the  magnetic 
rotation.  It  has  been  shown  by  Walden  that  when  a  single  bond  is 
converted  into  a  double  one  by  the  loss  of  two  hydrogen  atoms  from 
the  compound,  the  molecular  rotatory  power  of  the  substance  is 
increased.  When  the  double  bond  is  changed  into  a  triple  one  by  a 
further  loss  of  two  hydrogen  atoms,  the  result  was  different ;  for,  in- 
stead of  rising  again,  the  molecular  rotatory  power  diminished,  although 
it  did  not  fall  so  low  as  that  of  the  fully  saturated  compound.  "Walden's 
figures  for  the  ^-amyl  esters  of  ^-phenylpropicnic,  cinnamic,  and  phenyl- 
propiolic  acids  are  as  follows  : 

/S-Phenylpropionic  ester  Q^E.yCH,-CH,-CO.^'C-Ti^^  +  4-98 

Cinnamic  ester C^Jll'CmGK'cO^'C^B^^     1 6-36 

Phenylpropiolic  ester   ...clul'CiC-GO^'G^U^^  12-05 

Now  since  the  alcohol  radicle  is  the  same  in  each  of  these  three  sub- 
stances, the  change  in  rotation  must  be  due  to  the  change  in  the  acidic 
part  of  the  molecule.  If  further  proof  of  this  were  necessary  it  is  to  be 
found  in  the  work  of  Sir  "W.  H.  Perkin,  who  showed  that  the  magnetic 
rotations  of  unsaturated  acids  were  higher  than  those  of  the  corre- 
sponding saturated  substances.  It  is  therefore  clear  that  it  is  sufficieLt 
if  we  examine  the  spectra  of  the  acids  themselves  ;  and  it  is  not  neces- 
sary to  complicate  their  spectra  with  that  of  the  amyl  radicle. 

The  absorption  curves  of  alcoholic  solutions  of  j8-phenylpropionic 
acid  (see  Baly  and  Collie,  Trans.,  1905,  87,  1344),  cinnamic  acid,  and 
phenylpropiolic  acid,  plotted  in  the  usual  way,  are  shown  in  Fig.  1. 

In  his  previous  work,  the  author  was  concerned  entirely  with  absorp- 
tion bands  in  the  spectra  of  substances ;  and,  naturally,  the  first  points 
which  attracted  attention  in  the  spectra  of  the  cinnamic  series  were  the 
persistence  and  the  position  of  the  absorption  bands  which  are  shown 
in  all  three  spectra.  There  seems,  however,  to  be  no  connexion  what- 
ever between  the  bands  and  the  optical  rotatory  powers  of  the  three 
substances.  If  we  consider  the  persistence  of  the  absorption  bands  in 
the  three  cases  we  find  that  the  cinnamic  acid  band  has  the  greatest 
persistence;  then  come  the  bands  in  the  /3-phenylpropionic  acitl 
spectrum  ;  and  finally  the  phenylpropiolic  acid  band,  which  is  so  shallow 
that  it  appears  as  a  mere  extension  of  the  spectrum  at  one  dilution. 
This  is  not  the  order  in  which  the  rotations  lie.  Again,  it  might  be 
supposed  that  the  frequencies  at  which  the  heads  of  the  bands  are  found 
might  be  in  some  way  connected  with  the  rotatory  power.  But  this 
also  is  not  the  case  ;  for  the  heads  of  the  j8-phenylpropionic  acid  bands 
lie,  approximately,  between  3700  and  3900,  that  of  the  cinnamic  acid 
band  at  3600,  and  that  of  phenylpropiolic  acid  is  probably  situated 
at  a  frequency  of  3900, 
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It  was  evidently  necessary  to  abandon  the  idea  that  the  absorption 
bands  were  connected  with  the  rotatory  power,  and  to  seek  for  other 
peculiarities  in  the  spectra.  Now  if  we  leave  absorption  bands  out  of 
account,  the  only  way  in  which  substances  can  differ  from  one  another 
in  spectra  is  in  their  general  absorptive  power.  We  must  therefore 
examine  the  three  spectra  with  regard  to  the  general  absorption  shown 
by  each  substance.     Since  Walden    used  the  liquid  esters  without  a 
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solvent  in  his  determination  of  the  rotations,  it  will  be  well  in  the  pre- 
sent case  to  examine  the  spectra  of  the  three  substances  above  the  bands, 
since  the  effect  of  the  solvent  on  the  spectrum  will  probably  be  less 
marked  in  the  more  concentrated  solutions. 

If  we  take  the  abscissa  26  as  a  convenient  standard,  we  shall  find 
that  it  is  cut  by  the  three  curves  in  the  following  order  :  cinnamic 
acid,  phenylpropiolic  acid,  and  ^-phenylpropionic  acid.  In  other 
words,  the  general  absorptive  jwivers  of  the  three  substances  are  related  to 
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07ie  another  in  the  same  order  as  their  molecular  rotations.     The  three 

curves  cut  the  abscissa  at  the  points  shown  below  : 

Cinnamic  acid     3200 

Phenylpropiolic  acid 3300 

^-Phenylpropionic  acid 3700 

There   appears  to  be   no   close    numerical   relation  between  these 

numbers  and  the  molecular  rotations,  but  it  should  be  borne  in  mind 

Fig.  2. 

32        34      36        38    4000     42        44 


that  such  a  numerical  relation  may  exist  at  higher  concentrations 
than  are  shown  in  the  curves. 

It  seemed  not  improbable  that  the  agreement  in  the  foregoing  case 
was  merely  an  accidental  one,  and  in  order  to  see  whether  the  rule 
was  of  more  general  application  the  spectra  of  several  other  acids 
were  examined. 

We  have  already  dealt  with  a  series  of  aromatic  monobasic  acids,  so 

P  2 
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the  next  compounds  which  were  examined  were  chosen  from  (lie 
aliphatic  series.  Walden,  in  the  paper  cited  previously,  gives  the 
rotations  of  the  /-amyl  esters  of  w-butyric  and  crotonic  acids  as 
follows  : 

[M]f 

Butyric  acid,  On3-CH2-CH/C02-Cj,Hu  +4-43 

Crotonic  acid,  CHg-CHICH-COg-Cyiu    6-62 

The  absorption  curves  of  the  two  acids  are  shown  in  Figure  2.  It  is 
evident  that  here  the  same  relation  holds  good  as  in  the  case  of  the 
other  series ;  for  crotonic  acid,  the  ester  of  which  has  the  greatest 
rotation,  shows  the  greatest  general  absorption. 

It  must  be  pointed  out  that  there  is  no  relation  between  the  two 


series,  as  series  ;  for  whilst  amyl  crotonate  has  a  greater  molecular 
rotation  than  amyl  ^-pheuylpropionate,  the  absorptive  power  of 
crotonic  acid  is  much  less  than  that  of  y8-phenylpropionic  acid  in 
solutions  of  equal  concentiation.  The  rule  of  "greater  rotation, 
greater  absorption,"  then,  can  be  applied  only  in  the  case  of  compounds 
which  contain  chains  of  the  same  number  of  carbon  atoms. 

Having  examined  two  series  of  monobasic  acids,  it  seemed  advisable 
to  investigate  the  case  of  some  dibasic  ones.  It  will  suffice  for  the 
present  to  give  the  results  obtained  with  succinic  and  f  umaric  acids, 
the  spectra  of  which  are  shown  in  Figure  3.  Magini  (J.  Chim.  phys., 
1904,  2,  410)  has  also   examined   the  spectrum  of  maleic  acid;  his 
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results  are  similar  to  those  shown.  The  following  figure  ^  are  given 
by  Walden : 

Succinic  ester,  ^^^.^,^^.^,^^^^ 9-71 

C.H„-CO.,-CH 
Fumaric  ester,     ■'  TJC-CO -C  TJ  +lo-17 

Here,  again,  it  is  apparent  that  the  same  rule  holds,  for  the  absorptive 
power  of  the  unsaturated  acid  is  very  much  greater  than  that  of  the 
saturated  acid. 

It  only  remained  to  try  two  tribasic  acids.  The  molecular  rotations 
of  the  ^amyl  esters  of  tricarballylic  and  aconitic  acids  have  been 
determined  by  Walden  : 

CH,/CO-C,H,, 

I         /  ^        o       11 

Tricarballylic  ester,  ^^'^^2'^5^n       ...      +15-48 
CHg-COo-OgH^i 
CH-COo-C.Hj^ 

Aconitic  ester,   ^  ^^2'^r^n  23-66 

and  the  curves  of  their  absorption  spectra  are  shown  in  Figure  4. 
In  this  case  also  the  rule  appears  to  hold. 

If  we  turn  to  the  case  of  series  of  homologous  acids,  the  same  rule 
which  was  applicable  in  other  cases  proves  again  true.  When  we 
examine  the  molecular  rotatory  powers  of  the  amyl  esters  of  homo- 
logous aliphatic  acids,  it  is  well  known  that  a  steady  rise  is  shown  as 
we  go  up  the  series  ;  for  example  : 

Amyl  formate     +2-33 

Amyl  acetate  3-21) 

Amyl  propionate     3'99 

Amyl  butyrate    4-25 

These  figures  wei-e  given  by  Guye  and  Chavanne  {C'omj-)^  rend.,  1895, 
120,  452  ;  Bull.  Soc.  chim.,  1896,  [iii],  15,  275).  It  is  to  be  expe-jted 
that,  if  the  rule  holds  in  this  case,  the  acids  corresponding  to  these 
esters  will  show  a  steady  increase  in  general  absorption  ;  this  has 
already  been  shown  to  be  the  case  by  Hartley  and  Huntington 
(Phil.  Trans.,  1879,  170,  257). 

Since  the  rule  holds  good  in  the  cases  of  all  these  various  compounds, 
which  differ  to  a  very  considerable  extent  in  constitution,  it  seemed 
possible  that  it  might  be  applicable  in  a  slightly  modified  form  to  the 
case  of  stereoisomeric  substances  as  well. 

Walden  {Zeif.  2)hjsikal.  C'/iem.,  1896,  20,  377)   has  proved  that  the 
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^amyl  esters  of  various  stereoisomeric  acids  in  the  ethylene  seiies 
have  different  specific  rotations  according  as  the  maleinoid  or  f  umaroiil 
form  of  the  acids  is  used.  In  general,  there  appears  to  be  a  difference 
of  about  four  degrees  between  the  molecular  rotations  of  the  two 
forms,  the  fumaroid  form  having  the  greater  rotatory  power.  It 
appeared  that,  if  this  were  the  case,  it  should  be  possible  to  detect 
a  difference  in  the  spectra  of  the  stereoisomeric  acids,  and  several 
were  therefore  examined. 

In  the  first  place,  we  may  consider  the  case  of  maleic  and  fumaric 
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acids.     The    figures   given   by   Walden   for   the  rotations   of  /-amyl 
maleate  and  f  umarate  are  as  follows  : 


aH„-COo-CH 


■-11 


1 1 


+  15-17 


11-82 


HC-CO./C^Hi, 

The  absorption  curves  of  these  two  acids  are  given  in  Figure  3,  and 
an  inspection  of  them  will  show  that  the  rule  "  greater  absorption, 
greater  rotation "  ,  holds  in  this  case  also,  for  the  curve  of  fumaric 
acid  lies  at  a  lower  frequency  than  that  of  maleic  acid. 

Figure  5  shows  the  absorption  curves  of  mesaconic  and  citraconic 
acids.     Since  mesaconic  acid  shows  the  greater  absorption,  it  is  to  be 
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expected  that  its  amyl  ester  will  have  a  higher  rotatory  power  than 
that  of  the  citraconic  ester.     This  is  actually  the  case,  as  Walden's 


figures  show 


C5Ha-C0,-CH 


CHg-C-COo-CsHii 


[M]20 

+  16-01 
11-17 


In  the  cases  which  have  been  described    a  comparison  has  been 
drawn  between  substances  in  which  the  atoms  in  the  chain  are  linked 
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together  in  the  same  manner  in  each  isomeride ;  but  at  this  point  it 
may  be  well  to  indicate  the  results  obtained  when  the  unsaturation 
occurs  at  a  different  point  in  the  chain.  For  this  purpose  it  will  be 
sufficient  to  quote  the  case  of  itaconic  acid,  which  can  be  compared 
with  the  isomeric  mesaconic  and  citraconic  acids.  The  molecular 
rotation  of  itaconic  diamyl  ester  has  been  found  by  Walden  to  be 
[M][)  + 13-42.  We  might  expect  from  this  to  find  the  absorptive 
power  to  lie  between  those  of  mesaconic  and  citraconic  acids,  but  in 
point  of  fact  it  is  less  than  either  (Figure  5).  We  must  therefore 
extend  what  has  already  been  said  with  regard  to  unsaturation,  and 
state  the  case  in  the  following  manner  : 
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"If  the  spectra  of  a  saturated  and  a  corresponding  unsaturated 
acid  be  compared,  the  acid  corresponding  to  the  amyl  ester  which  has 
the  greater  molecular  rotatory  power  will  show  the  greater  absorptive 
power ;  the  same  holds  in  the  case  of  two  stereoisomerio  acids  of  the 
ethylene  series;  but  it  does  not  hold  for  structurally  isomeric  un- 
saturated substances." 

Some  of  the  results  obtained  in  the  course  of  this  investigation  are 
of  interest  from  another  point  of  view.  It  has  already  been  proved 
by  Magini  (.7.  Chim.  Phys.,  1904,  2,  410)  that  the  spectrum  of  fumaric 
acid  shows  greater  absorption  than  that  of  maleic  acid ;  and  in  the 
present  paper  it  is  shown  that  a  similar  state  of  things  is  found  in  the 
case  of  the  stereoisomerio,  mesiconic,  and  citraconic  acids.  If  this  is  a 
general  rule,  namely,  if  the  more  symmetrical  molecule  shows  the 
greater  absorptive  power,  one  very  interesting  application  of  it  m.ay 
be  indicated.  In  the  case  of  certain  stereoisomerio  compounds, 
notably  the  hydrazones,  no  method  of  configuration  determination  has 
yet  been  devised ;  it  seems  probable  that  the  absorption  spectra  of  the 
two  isomerides  would  show  diiferences  similar  to  those  found  in  the 
case  of  the  stereoisomerio  acids,  and  a  study  of  the  absorption  spectra 
of  isomeric  hydrazones  might  lead  to  some  conclusions  with  regard  to 
their  configurations.  In  the  case  of  certain  stereoisomerio  ethylene 
derivatives  the  configurations  are  still  in  doubt ;  for  example,  no  real 
evidence  has  as  yet  been  adduced  in  the  cases  of  crotonic  and  iso- 
crotonic  acids,  stilbene  and  isostilbene,  or  the  tolane  dibromides.  It 
is  certain  that  some  light  might  be  thrown  on  the  problem  by  an 
examination  of  their  spectra.  In  the  case  of  the  various  isomeric 
cinnamic  acids  the  same  method  might  yield  results  of  some 
interest. 

The  following  conclusions  may  be  drawn  from  this  part  of  the 
work : 

I.  Within  certain  well-defined  limits,  a  close  relation  exists  between 
the  molecular  rotatory  powers  of  two  substances  and  their  absorption 
spectra. 

II.  The  loss  of  two  hydrogen  atoms  from  a  compound  (by  which  a 
single  bond  is  replaced  by  a  double  one)  produces  an  increase  in 
absorptive  power  as  well  as  a  rise  in  molecular  rotatory  power, 

III.  The  loss  of  four  hydi'ogen  atoms  (by  which  a  single  bond  is 
changed  to  a  triple  one)  also  produces  an  increased  absorption,  though 
it  has  not  such  a  great  effect  as  the  change  from  the  single  to  the 
double  bond.     The  same  is  true  for  the  molecular  rotation. 

IV.  In  the  case  of  stereoisomerio  substances,  the  compound  having 
the  greater  molecular  rotation,  has  also  the  greater  absorption. 

V.  The  same  rule  does  not  hold  in  the  case  of  structure  isomerides, 
at  least  in  the  unsaturated  series. 


KIPPING :   ORGANIC   DERIVATIVES   OF   SILICON.      PART   II.      209 

VI,  In  homologous  series,  the  compound  having  the  greatest  mole- 
cular rotation  will  have  the  greatest  absorptive  power. 

In  conclusion,  the  author  wishes  to  express  his  thanks  to  Mr.  Baly 
for  his  courtesy  in  lending  his  spectroscope,  without  which  the  work 
could  not  have  been  carried  out. 

The  SrECTKosconc  Laboratory, 

University  College, 

London. 


XXIL — Organic  Derivatives  of  Silicon.  Pavt  II.  The 
Synthesis  of  Benzylethylpropyhilicol,  its  Sulpho7ia- 
tion,  and  the  Resolution  of  the  dl-SuJphonic  Deriv- 
ative into  its  Optically  Active  Componeyits. 

By  Frederic  Stanley  Kipping. 

Some  ten  years  ago,  when  carbon  was  the  only  element  of  which  stable 
optically  active  derivatives  had  been  isolated  and  examined,  the  author 
commenced  an  investigation  of  the  organic  derivatives  of  silicon, 
pai tly  to  extend  ovir  knowledge  of  the  general  behaviour  and  character 
of  these  compounds,  but  principally  to  obtain  some  of  them  in  an 
optically  active  condition,  that  is  to  say,  with  the  silicon  atom  at  the 
centre  of  an  asymmetric  group. 

At  that  time  very  little  had  been  done  with  organic  silicon  com- 
pounds since  the  classical  investigations  of  Friedel,  Crafts,  and  Laden- 
burg,  whose  work,  carried  out  no  doubt  under  considerable  difficulty, 
consisted  principally  in  the  study  of  some  simple  derivatives  of  silicon 
tetrachloride  and  of  ethyl  orthosilicate,  which  they  prepared  with  the 
aid  of  sodium  and  zinc  ethyl ;  later  on,  some  of  the  corresponding 
propyl  derivatives  were  obtained  by  Pape  in  a  similar  manner,  and  in 
the  aromatic  series  Ladenburg  had  prepared  phenylsilicon  trichloride 
and  other  compounds  closely  related  to  it.  Much  more  recently  Polis 
(/)'e?'.,1885,18, 1542)  had  obtained  tetraphenylsilicane*  and  a  few  similar 
compounds,  and  Reynolds  had  studied  the  action  of  silicon  tetrachloride 
on  some  aromatic  bases. 

The  choice  of  a  suitable  silicon  compound,  from  which  externally 
compensated  derivatives  might  be  obtained,  being  thus  limited,  the 
authoi^'s  first  experiments  (Part  I),  which  were  carried  out  in  conjunc- 

*  This  name  is  adopted  here  in  preference  to  silicon  tetraplienj'l  in  order  to  show 
the  analogy  with  the  corresponding  derivative  of  methane. 


210      KIPPING:   ORGANIC   DERIVATIVES   OF   SILICON.      PART   II. 

tion  with  Lloyd  (Trans.,  1901,  79,  449),  did  not  advance  very  far  in 
the  desired  direction.  Although  a  new  way  of  preparing  alkyl 
derivatives  of  silicon  was  found,  and  a  number  of  new  compounds  — 
some  of  which  were  externally  compensated — were  obtained,  the  latter 
were  found  to  be  of  little  use  for  the  principal  object  in  view,  owing 
to  their  instability. 

Other  subjects  for  investigation  having  arisen,  very  little  progress 
was  made  with  silicon  compounds  until  the  autumn  of  1903,  when 
the  author's  discovery  that  silicon  tetrachloride  and  magnesium  alkyl 
and  aryl  halides  would  interact  opened  a  new  and  wide  field  of 
research.*  With  the  aid  of  these  reagents,  for  which  chemistry  is  so 
much  indebted  to  Grignard,  it  seemed  possible  to  prepare  without  very 
great  difficulty  a  number  of  externally  compensated  silico-hydrocarbons 
and  other  compounds  of  a  stable  character,  from  which  acid  or  basic 
derivatives  could  be  obtained  ;  the  latter  might  then  be  resolved  into 
their  optically  active  components  by  the  oi-dinary  methods  used  in  the 
case  of  carbon  compounds. 

The  first  task  was  to  prepare  a  derivative  of  the  type  SiR^RoEsCl 
by  introducing  successively  three  different  hydrocarbon  radicles  in  the 
place  of  three  chlorine  atoms  of  silicon  tetrachloride  ;  for  this  purpose 
it  was  important  to  choose  carefully  from  among  the  various  alkyl  or 
aryl  halides  which  might  be  employed  because,  as  all  the  resulting 
compounds  would  certainly  be  liquids  and  could  only  be  purified  by 
fractional  distillation,  unless  in  every  case  the  desired  product  differed 
sufficiently  in  boiling  point  from  others  which  were  formed  in  the  re- 
action, its  isolation  would  be  impossible. 

The  preparation  of  methylethylsilicon  dichloride,  for  example,  would 
probably  be  a  task  of  considerable  difficulty  ;  the  product  of  the 
interaction  of  ethylsilicon  trichloride  and  magnesium  methyl  bromide 
would  doubtless  be  a  mixture  of  the  mono-  and  di-methyl  compounds, 
and  wovild  contain  also  unchanged  ethylsilicon  trichloride ;  the  isola- 
tion of  the  desired  methylethyl  derivative  would  consequently  entail  a 
long  course  of  fractional  distillation  owing  to  the  slight  differences  in 
the  boiling  points  of  the  components  of  the  mixture. 

These  considerations  led  to  the  investigation  in  the  order  given  of 
the  following  series  of  reactions  : 

SiCl^-HMgEtBr^SiEtClg  +  MgClBr  (p.  214). 
-      SiEtClg  +  MgPhBr  =  SiEtPhCl.,  +  MgClBr  (p.  215). 

SiEtPhClo  +  MgPhBr  =  SiEtPhPrCl  +  MgClBr  (p.  2 1 8). 
and  it  was  found  that,  although  in  every  case  by-products  are  formed 

*  Shortly  aftor  the  publicatiou  of  the  author's  preliminary  note  {Proc,  1904,  20, 
15),  the  preparation  of  some  plienyl  derivatives,  by  the  interaction  of  silicon  tetra- 
chloride and  magnesium  phenyl  bromide,  was  described  by  Dilthey  {Bcr.,  1904,  37, 
1139  ;  see  also  Ber.,  1905,  38,  4132). 
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in  considerable  quantities,  the  principal  reaction  proceeds  as  formulated 
above,  and  the  desired  product  can  be  isolated  without  very  much 
difficulty ;  the  rigid  exclusion  of  moisture  during  the  whole  series  of 
operations  is  of  course  absolutely  necessary. 

The  preparation  of  a  suitable  derivative  of  the  externally  com- 
pensated phenylethylpropylsilicyl  chloride  thus  obtained  seemed  at 
first  to  offer  no  particular  difficulty.  The  compound  might  react 
with  the  silver  salt  of  an  optically  active  acid,  such  as  bromocamphor- 
sulphonic  acid,  yielding  a  solid  ester,  which  might  possibly  be  resolved 
by  fractional  crystallisation  ;  an  experiment  of  this  kind  was  tried, 
but  the  reaction  seemed  to  proceed  altogether  abnormally  (p.  220) ;  at 
any  rate,  the  initial  product  was  either  not  the  desired  ester  or  else 
the  ester  was  so  unstable  that  it  was  useless  for  the  purpose  in  view. 
Again,  the  interaction  of  the  chloride  and  a  primary  or  secondary 
base  might  yield  a  crystalline  substance  which,  if  sufficiently  stable 
and  if  the  base  were  optically  active,  might  be  resolved  by  fractional 
crystallisation.  The  few  experiments  which  were  made  with^j-toluidine 
seemed  to  show  that  a  substituted  amine  of  such  a  type,  stable  towards 
water,  would  not  be  obtained,  a  noteworthy  fact  considering  the 
stability  of  the  amines  ;  this  line  was  therefore  abandoned. 

These  and  other  failures  to  obtain  suitable  derivatives  from  the 
chloride  rendered  it  advisable  to  try  and  substitute  another  hydro- 
carbon radicle  for  the  atom  of  chlorine.  Judging  from  the  behaviour 
of  certain  carbon  compounds,  such  as  triphenylmethyl  chloride,  which 
with  zinc  ethyl  gives  triphenylm ethane  and  ethylene  (E.  and  0. 
Fischer,  Annalen,  1878,  194,  259),  it  seemed  probable  that  this  re- 
action might  not  take  the  desired  course.  Contrary  to  expectation, 
however,  phenylethylpropylsilicyl  chloride  was  found  to  react  with 
magnesium  alkyl  and  aryl  halides  at  moderate  temperatures,  giving  a 
very  fair  yield  of  the  tetra-substituted  silicane,  of  which  the  two 
following  representatives  were  prepared  : 

SiEtPhPrCl  +  MgMel  =  SiEtPhPrMe  +  MgClI. 
SiEtPhPrCl  +  MgBzCl  =  SiEtPhPrBz  +  MgClg. 

Of  these  two  silicohydrocarbons,  only  the  latter  so  far  has  been 
studied,  and  the  experiments  have  been  almost  exclusively  directed 
towards  its  conversion  into  a  sulphonic  acid.  It  was  thought  that 
under  suitable  conditions  this  silicohydrocarbon  might  undergo 
sulphonation,  either  the  phenyl  or  the  benzyl  radicle  being  attacked, 
in  which  case  the  sulphonic  acid  might  then  be  combined  with  an 
optically  active  base,  and  the  resulting  salt  resolved  by  fractional 
crystallisation. 

An  unforeseen  and  interesting  result  occurred  on  attempting  to 
sulphonate    with    ordinary   sulphuric    acid,    the     phenylbenzylethyl- 
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propylsilicane  being  hydrolysed  with  separation  of  benzene  and 
formation  of  henzylethyljyropylsilicol  or  henzylethyljjropylsUicyl  oxide  : 

vSiEtPhPrBz  +  H,0  =  C„H,,  +  SiEtPrBz-OH. 
2SiEtPrBz-0H  =  (SiEtPrBz)/J  +  H^O. 

As  far  as  could  be  ascertained,  and  the  experiments  seem  to  be  con- 
chxsive,  toluene  is  not  produced  under  these  conditions  even  in  small 
quantities  ;  the  hydrocarbon  which  is  obtained  freezes  readily,  melts 
at  about  4°,  and  has  the  properties  of  pure  benzene  (compare  p.  223). 
Expei'iments  with  other  compounds  have  also  shown  that  there  is  a 
very  great  difference  between  the  phenyl  and  benzyl  radicles  as  regards 
their  combination  with  silicon  ;  the  benzyl  group,  compared  with  the 
j)henyl  group,  is  held  very  firmly,  and  as  far  as  the  author's  obser- 
vations have  gone  it  is  not  easily  separated  from  the  silicon  atom  by 
sulphuric  acid  even  at  moderately  high  temperatures,  whereas  the 
phenyl  radicle  is  invariably  displaced  (compare  also  Part  I,  loc. 
cit.) 

The  silicol,  which  is  probably  the  initial  product  of  hydrolysis,  or 
the  oxide,  which  is  formed  from  it  in  the  manner  just  indicated, 
gradually  undergoes  sulphonation  when,  without  first  removing  the 
benzene  which  has  been  formed,  the  heating  with  sulphuric  acid  at 
1 00°  is  continued  for  some  time  ;  under  these  conditions  there 
results  a  mixture  of  acids  from  which  it  was  found  to  be  very  difficult 
to  isolate  a  pure  product,  but  ultimately  a  crystalline  ammonium  salt 
was  obtained. 

The  mode  of  formation  of  this  compound  and  the  results  of  silicon 
determinations  seemed  to  indicate  that  it  was  derived  from  an  acid  of 
the  constitution  EtPrSi(OH)-CH2-C6H4'S03H,  but  the  results  of 
cryoscopic  experiments  in  aqueous  solution  pointed  to  a  molecular 
weight  considerably  higher  than  the  calculated  value.  The  Z-menthyl- 
amine  salt,  prepared  from  the  ammonium  derivative,  crystallised  well ; 
when  examined  by  the  ebullioscopic  method  in  methyl-alcoholic 
solution  it  also  gave  values  indicating  a  more  complex  molecular 
structure  than  that  of  a  salt  derived  from  an  acid  having  the  above 
constitution.      ' 

These  resvilts  gave  rise  to  some  uncertainty  as  to  the  real  nature  of 
the  parent  sulphonic  acid  ;  on  the  one  hand  it  seemed  possible  that  the 
abnormal  molecular  weights  might  be  ascribed  to  association  conditioned 
by  the  hydroxyl-  or  sulpho-groups,  especially  as  it  had  been  found 
that  simple  silicones,  such  as  benzylethylsilicone,  EtBzSiO,  are  highly 
associated  in  solution  ;  on  the  other  hand,  it  seemed  possible  that  the 
sulphonic  acid  might  be  derived  from  the  oxide  or  ether  of  the 
molecular  formula  BzEtPrSi'0'SiPrEtBz,  as  this  compound  might 
well  be  produced  from  the  silicol  previous  to  or  during  sulphonation, 
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the  oxide  PhgSi'O'SiPhg  being  formed  from  triphenylsilicol  even  by 
the  action  of  nitric  acid  (Kipping  and  Lloyd,  loc.  cit.). 

In  the  latter  case,  however,  as  the  product  would  be  a  disulphonic 
acid,  its  salts,  if  highly  dissociated  in  solution,  would  give  molecular 
weight  values  but  little  higher  than  those  calculated  on  a  similar  basis 
for  the  salts  of  the  simple  monosulphonic  acid  ;  the  evidence  obtained 
from  the  cryoscopic  or  ebulliscopic  determinations  therefore  was 
inconclusive,  although  no  doubt  pointing  to  the  more  complex  oxide 
formula  rather  than  to  that  of  the  simple  derivative  of  the  silicol. 

The  results  of  analyses  of  the  ammonium  and  of  the  ^menthylamine 
salts  also  indicated  that  the  sulphonation  product  was  a  derivative 
of  .the  oxide ;  although  the  percentage  compositions  calculated  for 
the  two  possible  formulae  differ  but  little  (pp.  227,  229),  and  the  presence 
of  sulphur  and  nitrogen  in  the  compounds  renders  the  results  rather 
less  trustworthy  than  would  otherwise  be  the  case,  the  analytical 
data  can  hardly  be  reconciled  with  any  other  conclusion. 

Other  facts  established  during  a  series  of  experiments,  which  will 
form  the  subject  of  a  later  paper,  may  perhaps  be  mentioned  here  as 
having  an  important  bearing  on  the  constitution  of  this  sulphonie 
acid.  Firstly,  when  benzylethylpi'opylsilicyl  chloi'ide  (Prpc,  1905,  21, 
65)  is  decomposed  with  water  it  gives  a  mixture  of  the  silicol  and 
the  oxide,  indicating  that  the  former  readily  passes  into,  the  latter, 
even  in  presence  of  water. 

Secondly,  the  sulphonation  of  the  pure  oxide  with  chlorosulphonic 
acid  seems  to  give  a  mixture  of  acids  similar  to  that  obtained  by  the 
sulphonation  of  the  silicol  ;  at  any  rate,  the  products  are  in  so  far 
identical  that  they  both  contain  tho  acid  from  which  the  crystalline 
ammonium-  and  /-menthylamine  salts  referred  to  above  are  derived. 

It  may  be  assumed,  therefore,  that  the  acid  in  question  is  a 
compound  of  the  constitution 

Et  Et 

SOsH-CcH^-CH,— Si— 0— 8i— CH2-CeH^-S03H. 

Pr  Pr 

This  view  necessitates  the  further  assumption  that  the  original 
sulphonation  product  is  a  mixture  of  two  structurally  identical  but 
optically  isomeric  compounds,  namely,  the  externally  and  the  internally 
compensated  acids ;  here  again  the  experimental  evidence,  although 
not  conclusive,  is  in  conformity  with  this  theoretical  conseqvxence,  as 
the  original  sulphonation  product  is  certainly  a  mixture.  So  far  only 
the  one  acid  has  been  isolated,  but  further  experiments  are  in  progress, 
and  it  is  hoped  that  the  other  (or  others)  will  be  obtained  ultimately 
in  a  condition  of  purity. 

The  acid  wliich  has  been  isolated,  it  may  be  stated  at  once,  is  an 
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externally  and  not  an  internally  compensated  compound  ;  although 
its  /-menthylamine,  J-bornylaminc,  and  several  other  salts  described  in 
this  paper  seem  to  crystallise  unchanged  from  various  solvents  under 
different  conditions,  the  resolution  of  the  acid  is  fairly  easily  accom- 
plished with  the  aid  of  cZ-methylhydrindamine  (Tattersall  and  Kipping 
Trans.,  1903,  83,  918). 

The  two  substances  obtained  by  fx'actionally  cry.stallising  the 
c^methylhydrindamine  salt  from  aqueous  methyl  alcohol  or  from 
acetone  differ  widely  in  melting  point  and  in  outward  properties, 
but  have  practically  the  same  specific  rotation  in  methyl-alcoholic 
solution  ;  when  separately  decomposed  with  sodium  carbonate  and  then 
converted  into  the  ^-menthylamine  salts,  they  both  yield  compounds 
which,  after  recrystallisation,  seem  to  have  practically  the  same  melting 
point  and  specific  rotation  as  the  ^-menthylamine  salt  of  the  original 
(^^acid.  In  these  circumstances,  and  especially  as  the  specific  rota- 
tions of  the  sodium  salts  of  the  optically  active  acids  are  very  low, 
it  was  necessary  to  obtain  confirmatory  evidence  that  a  resolution  of 
the  acid  had  in  fact  been  accomplished  ;  this  evidence  is  given  in 
detail  in  the  experimental  part  (p.  23G),  and  the  enantiomorphous 
relationship  of  the  resolution  products  is  thereby  conclusively 
established. 

The  present  communication,  however,  is  in  some  ways  incomplete ; 
for  although  the  preparation  of  an  optically  active  silicon  derivative 
has  been  accomplished,  the  quantity  of  methylhydrindamine  at  disposal 
was  so  limited  that  the  optically  active  compounds  have  so  far  only 
been  prepared  on  a  relatively  small  scale  ;  their  study  will  be  con- 
tinued, and  the  results  will  be  published  in  the  near  future. 

Experimental. 
Preparation  of  Ethylsilicon  Trichloride. 

Silicon  tetrachloride  (50  grams),  diluted  with  about  three  volumes 
of  ether,*  is  placed  in  a  large  flask  provided  with  a  tap-funnel  and  a 
good  stirrer,  and  after  cooling  in  ice  an  ethereal  solution  of  magnesium 
ethyl  bromide  (1^  mol.)  is  added  slowly,  the  whole  operation  requiring 
about  two  hours.  Even  the  first  few  drops  of  the  ethereal  solution 
produce  a  precipitate  of  magnesium  chlorobromide  with  considerable 
development  of  heat,  so  that  before  the  end  of  the  experiment  the 
contents  of  the  flask  consist  of  a  thick,  pasty  mass  which  is  difficult  to 
stir ;  for  this  reason  the  solution  of  the  magnesium  compound  should 
not  be  too  concentrated. 

After  remaining  for  about  twenty -four  hours  at  the  ordinary  tem- 
perature, the  ether  is  first  distilled  off  and  the  flask  is  then  slowly 
*  Puiilkd  and  diied  with  ^liosjilioric  oxide  and  with  sodium. 
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heated  in  an  air-  oi'  oil-bath,  the  temperature  of  which  is  finally  raised^ 
to  about  200°  and  kept  there  until  distillation  ceases ;  towards  the 
end  of  this  operation  an  inflammable  gas  is  evolved  in  considerable 
quantities. 

The  pale  yellow,  fuming  distillate  is  then  fractionated,  as  is  also  the 
mixture  of  ether,  silicon  toti'achloride,  ethyl  bromide,  and  ethylsilicon 
trichloride  from  the  preliminary  distillation ;  in  these  operations  it  is 
necessary  to  employ  an  efficient  column,*  otherwise  the  ether  carries 
over  a  considerable  quantity  of  ethylsilicon  trichloride.  The  crude 
product  is  then  again  fractionated  and  the  portion  passing  over 
between  97°  and  103°  collected  separately;  this  fraction  is  pure 
enough  for  the  preparation  of  other  derivatives  and  usually  weighs 
30 — 35  grams  ;  it  is  an  almost  colourless,  fuming  liquid  having  the 
properties  described  by  Ladenburg. 

The  portions  of  the  product  collected  above  103°,  up  to  about  160°, 
doubtless  consist  of  diethylsilicon  dichloride,  triethylsilicyl  chloride, 
and  possibly  a  little  tetraethylsilicane ;  these  are  reserved  for  future 
investigation.  The  solid  residue  in  the  flask,  after  distilling  off  the 
crude  product  at  200°,  is  not  pure  magnesium  salt,  and  when  treated 
with  water  it  yields  a  considerable  quantity  of  a  gelatinous  substance, 
which  glows  when  ignited. 

In  the  first  experiments  on  the  preparation  of  ethylsilicon  trichloiide, 
with  the  aid  of  the  Gx'ignard  reaction,  magnesium  ethyl  iodide  was 
used,  but  the  yield  of  the  desired  product  was  very  small,  and  on 
fractionally  distilling,  so  much  iodine  was  liberated  that  the  side-tube 
of  the  flask  sometimes  became  choked  with  crystals  of  the  halogen. 

Phenylethylsilicon  dichloride,  EtPhSiCl^. 

This  compound  is  preimred  by  treating  ethylsilicon  trichloride  in 
quantities  of  about  100  grams  at  a  time  with  a  slight  excess  (ly^^  mol.) 
of  the  theoretical  quantity  of  magnesium  phenyl  bromide. 

In  order  to  avoid  as  far  as  possible  the  production  of  diphenyl  during 
the  interaction  of  the  magnesium  and  phenyl  bromide,  the  flask  con- 
taining the  magnesium  and  ether  is  provided  with  an  efficient  stirrer 
and  cooled  in  ice  as  soon  as  the  reaction  has  once  started. 

This  solution  is  then  added  slowly,  stirring  vigorously,  to  the  well- 
cooled  ethylsilicon  trichloride  (b.  p  97—103°) ;  at  first  a  slight  turbidity 
is  often  produced,  but  otherwise  no  visible  reaction  occurs,  and  only  a 
very  small  quantity  of  magnesium  chlorobromide  separates  during  the 
hour  or  two  required  for  the  addition  of  the  ethereal  solution.  At  the 
end  of  this  time  the  liquid  has  the  appearance  of  an  emulsion,  and,  left 
at  rest,  it  separatesinto  two  layers';  the  lower  one  then  slowly  deposits 

*  A  3 — '5  chamber  colunni  of  the  S.  Youug  type. 
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crystals  and  finally  sets  to  a  cake,  when  left  at  the  ordinary  tempera- 
ture for  about  twelve  hours.  The  precipitated  magnesium  salt  is, 
however,  rather  gelatinous  and  difficult  to  separate  by  filtration,  for 
Avhich  reason,  and  also  to  complete  the  reaction,  the  mixture  is  heated 
on  a  reflux  condenser  during  a  few  hours,  whereby  the  magnesium  salt 
is  rendered  coarsely  crystalline. 

The  separation  of  the  oily  product  from  the  magnesium  salts  in  this 
and  in  many  other  preparations  described  later  is  accomplished  in  one 
of  two  ways  :  (1 )  The  mixture  is  rapidly  transferred  to  a  large  porcelain 
filter  which  is  enclosed  in  an  air-tight  chamber  formed  from  two 
desiccator  covers  placed  mouth  to  mouth  ;  the  stem  of  the  filter-funnel 
passes  air-tight  through  the  tubulure  of  the  lower  one  into  a  filter-flask 
connected  with  an  aspirator,  so  that  dry  air  can  be  drawn  into  the 
chamber  tlirough  a  calcium  chloride  tube  fitted  in  the  tubulure  of  the 
upper  cover  and  then  through  the  filter.  The  liquid  is  thus  separated  by 
filtration,  in  absence  of  moisture,  and  the  residual  magnesium  salt  is 
repeatedly  washed  with  the  dry  ether  distilled  from  the  oil.  (2)  The 
mixture  is  placed  in  an  apparatus  composed  of  two  large  bulbs 
connected  together,  on  the  principle  of  a  fat-extractor,  and  so  arranged 
that  on  heating  the  lower  bulb  the  ether,  Avhich  has  filtered  from  the 
upper  one,  passes  up  the  side  tube  to  a  condenser,  and  then  flows  back 
on  to  the  pasty  magnesium  salt  contained  in  the  upper  bulb,  whence  it 
passes  through  an  asbestos  filter  into  the  lower  one  again  ;  this  form 
of  apparatus  is  more  suitable  for  working  with  large  quantities. 

The  ethereal  solution  and  washings  having  been  combined,  the  ether 
is  distilled,  during  which  operation  a  further  separation  of  magnesium 
salt  sometimes  occurs,  even  when  the  original  mixture  has  been 
previously  heated  during  some  hours. 

The  yellow  oily  product  is  first  submitted  to  a  preliminary  distillation 
from  an  ordinary  flask  ;  it  begins  to  boil  at  about  40^,  and  the  thermo- 
meter rises  rapidly  to  about  200° ;  the  principal  portion  passes  over 
between  this  temperature  and  240°  and  is  collected  separately.  The 
pressure  is  then  reduced  to  about  50  mm.  and  distillation  continued  as 
long  as  anything  passes  over,  but  even  then  there  remains  a  consider- 
able residue  of  a  dark  brown  very  viscid  liquid,  boiling  above  300°, 
which  has  not  been  examined. 

That  portion  of  theMistillate  collected  from  40^  to  240'^  contains  ether, 
ethylsilicon  trichloride,  bromobenzene,  phenylethylsilicon  dichloride, 
and  diphenyl ;  it  is  repeatedly  and  systematically  fractionated  at  the 
ordinaxy  pressure  in  a  flask  provided  with  a  neck  18 — 24  inches  in 
length,  in  which  is  placed  a  Young'.s  rod  and  disc  column;  corks  and 
rubber  are  so  i-apidly  attacked  that  an  ordinary  fractionating  column 
fitted  into  a  flask  cannot  very  well  be  used. 

The  principal  fractions  of  value  finally  collected  fi^om  this  portion  of 
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the  distillate,  starting  from  100  grams  of  ethylsilicon  trichloride,  ai-e  : 
ethylsilicon  trichloride,  b.  p.  97 — 103°,  5 — 10  grams  and  crude  phenyl- 
ethylsilicon  dichloride,  b.  p.  228 — 232°,  40 — 50  grams. 

The  portions  collected  above  232°  contain  diphenyl  in  small  quanti- 
ties, this  compound  forming  the  main  constituent  of  the  fractions 
255 — 265°  which  solidify  on  cooling.  It  is,  in  fact,  the  presence  of 
diphenyl  which  necessitates  so  many  distillations,  and  which  renders  it 
very  difficult  to  prepare  a  pure  specimen  of  phenylethylsilicon 
dichloride. 

Many  preparations  of  this  compound  have  been  examined  ;  as  the 
boiling  point  appeared  to  be  230 — 231°  (760  mm.  thread  entirely  in 
vapour),  several  specimens  boiling  at  this  temperature,  at  227 — 228°, 
and  at  229 — 230°  have  been  collected  and  analysed,  but  were  found  to 
be  impure,  and  to  contain  only  about  30  per  cent,  of  chloi'ine  instead  of 
the  theoretical  quantity,  34*5  per  cent.  That  the  impurity  is  diphenyl 
can  be  shown  by  submitting  the  samples  to  distillation  in  steam, 
when  this  hydrocarbon  passes  over,  leaving  phenyhthylsilicone. 

Pure  phenylethylsilicon  dichloride  can  only  be  obtained  by  repeatedly 
distilling  the  crude  product  (b.  p.  228 — 232°)  under  different  pressures 
and  rejecting  each  time  the  very  last  portion  of  the  distillate  and  any 
residue ;  *  a  sample  thus  obtained  was  analysed  with  the  following 
result  :  f 

Found  CI  =  33-7.     C^HjoCloSi  requires  CI  -  34-5  per  cent. 

When  freshly  prepared  it  is  a  highly  refractive,  colourless  liquid,  but 
it  turns  pink,  and  frequently  violet,  after  a  very  short  time,  these 
colours  disappearing  when  the  substance  is  heated.  When  kept  for 
some  weeks  it  generally  becomes  brownish-yellow,  apparently  owing  to 
the  liberation  of  traces  of  iodine ;  this  is  true  of  many  of  the  di- 
and  tri-substituted  silicon  tetrachlorides,  but  the  state  of  combina- 
tion  of    the    iodine    has    not    been    ascertained.       Phenylethylsilicon 

*  As  an  illustration  of  the  difFiculty  of  isolating  the  pure  silicon  compound,  the 
following  record  may  be  given.  A  sample  of  the  product  (about  120  grams)  boiling 
between  227°  and  232°  (7G0  mm.)  was  found  to  contain  30-4  per  cent,  of  chlorine  ; 
it  was  distilled  under  atmospheric  pressure  three  times,  leaving  about  5  grams  of 
residue  boiling  above  230°  after  each  operation  ;  the  percentage  of  chlorine  rose  from 
80-4  to  31-8,  32-5,  and  33-3  with  each  distillation.  The  sample  was  then  distilled 
under  a  pressure  of  100  mm.,  and  the  portion  boiling  at  155 — 156°,  which  formed 
more  than  95  per  cent,  of  the  whole,  collected  ;  this  gave  33  7  per  cent,  of  chlorine, 
and  on  repeating  the  distillation  under  reduced  pressure,  leaving  a^ain  about  5  per 
cent,  as  residue,  this  value  underwent  no  appreciable  change. 

t  In  the  analysis  of  this  and  of  many  similar  compounds,  the  freshly  distilled 
substance  is  dropped  into  a  flask  containing  either  water  or  a  solution  of  silver 
nitrate  and  previously  weighed,  so  that  by  re-weighing  the  amount  of  substance 
taken  can  be  ascertained  without  giving  any  opportunity  for  absoriition  of  atmo- 
spheric moisture  ;  the  halogen  is  then  determined  either  voUimetrically  or  gravi- 
metrically. 
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clichloricle  fumes  strongly  in  moist  air,  and  is  at  once  decomposed  by 
water,  giving  the  corresponding  silicone.  It  boils  at  229 — 230° 
(760  mm.)  and  at  155 — 156°  (100  mm.),  thread  entirely  in  vapour. 

That  portion  of  the  crude  product  boiling  above  240°  (atmospheric 
pressure)  and  collected  by  distilling  under  50  mm.  pressure  contains  di- 
'^\\Qny\,diphenijlethylsilicyl  chloride,  SiEtPhgCl,  triphenylsilicyl  chloride, 
SiPhgCl,  and  other  compounds  ;  the  results  of  the  investigation  of 
these  by-products  will  be  published  later. 

Phenylethylsilicone,  PhEtSiO. 

'This  coriapound  is  obtained  as  a  viscous,  colouiless  oil  when  pheiiyl- 
ethylsilicon  dichloride  is  decomposed  with  water ;  a  sample  was 
extracted  with  ether,  left  for  some  time  over  sulphuric  acid  under 
reduced  pressure,  and  then  analysed  with  the  following  result : 

01825  gave  0-0741  SiOgj  Si  =  19-1. 

CgHjoOSi  requires  Si  =  18'9  per  cent. 

The  compound  is  specifically  heavier  than  water,  in  which  it  is 
practically  insoluble  ;  so  far  it  has  not  been  further  examined. 

rhenylethyljn'opylsilicyl  Chloride,  SiEtPrPhCl. 

The  gradual  addition  of  an  ethereal  solution  of  magnesium  propyl 
bromide  to  an  equivalent  quantity  of  phenylethylsilicon  dichloride 
causes  only  a  slight  development  of  heat,  so  that  cooling  is,  perhaps, 
unnecessary  (as  a  rule  ice  was  used),  and  the  two  liquids  may  be 
mixed  fairly  rapidly.  The  solution,  when  left  overnight,  deposits  a 
considerable  quantity  of  magnesium  salt,  but  in  order  to  ensure  com- 
plete interaction,  and  to  cause  the  gelatinous  precipitate  to  become 
crystalline  and  granular,  the  mixture  is  first  heated  during  some  hours 
with  reflux  condenser,  and  then,  after  distilling  off  the  ether,  kept  at 
100°  during  three  or  four  hours  longer.  The  product  is  then  separated 
from  the  magnesium  salt  with  the  aid  of  the  distilled  ether,  in  the 
apparatus  already  described,  and  the  combined  extract  and  washings 
are  evaporated. 

The  remaining  oil  is  first  submitted  to  a  preliminary  distillation 
from  an  ordinary  flask  under  reduced  pressure  (about  100  mm.)  until 
the  thermometer  rises  to  about  210°,  leaving  in  the -flask  a  small 
quantity  of  an  oil  and  a  moderate  quantity  of  magnesium  salt,  which 
separates  during  the  process ;  the  oily  by-products  of  high  boiling 
point  are  always  formed  in  small  quantities,  and  on  distillation  afford 
nothing  of  a  definite  character,  the  temperature  rising  slowly  to 
about  350°.  In  this  preliminary  distillation  almost  the  whole  of  the 
crude   propyl    derivative  passes  over  between   175  — 190°  (100  mm.), 
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and  this  fraction,  which  is  equal  to  about  90  per  cent,  of  the  phenyl- 
ethylsilicon  chloride  employed,  seems  to  be  a  fairly  pure  substance ; 
when,  however,  it  is  submitted  to  systematic  fractional  distillation, 
using  a  long-necked  flask  fitted  with  a  rod  and  disc  column,  it  shows  a 
wide  range  of  boiling  point.  Under  atmospheric  pressure  it  begins  to 
distil  at  about  240"  and  the  temperature  rises  gradually  up  to  about 
265°,  the  greater  part  passing  over  between  250^  and  2G0^;  even  after 
repeated  operations  the  boiling  point  does  not  become  very  definite, 
and  analyses  of  the  product  give  unsatisfactory  results.  The  first 
samples  examined  were  collected  between  250'  and  260°  and  seemed 
to  contain  phenylethyldipropylsilicane,  as  they  gave  only  14^15 
per  cent,  of  chlorine  instead  of  16 "6  per  cent,  which  is  required  by 
theory. 

"When  re-distilled  under  a  pressure  of  100  mm.  with  the  same 
apparatus  the  product  passes  over  from  about  160°  to  190°,  but  a  very 
large  proportion  may  be  collected  between  175°  and  185°;  systematic 
fractionation  yields  further  quantities  of  substance  boiling  between 
the  limits  last  mentioned,  and  when,  finally,  this  liquid  io  again  dis- 
tilled two  or  three  times,  the  main  quantity  passes  over  between  178° 
and  182°. 

Chlorine  determinations,  made  with  samples  thus  collected,  gave 
results  agreeing  with  those  required  for  the  compound  SiEtPrPhCl, 
namely  16"7  and  16*3  per  cent.,  the  calculated  value  being  1 6 "6 
per  cent. 

Phenylethylpropylsilicyl  chloride  is  a  colourless,  refractive,  mobile 
liquid,  but  it  soon  acquires  a  pink  tinge,  apparently  owing  to  the 
liberation  of  traces  of  iodine.  It  fumes  in  the  air  and  is  readily 
decomposed  by  water,  giving  apparently  a  mixture  of  phenylethyl- 
propylsilicol  and  the  corresponding  oxide,  (8iEtPrPh)^0. 


Phenylethylpropylsilicol,  SiEtPrPh'OH. 

The  product  of  the  decomposition  of  phenylethylpropylsilicyl  chlor- 
ide with  water  has  not  yet  been  examined  very  carefully,  but  the 
corresponding  silicol  has  been  prepared  by  an  indirect  process. 

In  order  to  ascertain  whether  compounds  of  the  type, 
SiRjE^Rg-NHR, 
were  or  were  not  stable  towards  water  (for  if  they  were  and  could  be 
obtained  in  crystals  they  might  be  employed  for  resolution  experiments) 
the  chloride  mentioned  above  was  treated  with  excess  of  /;-toluidino  in 
dry  ethereal  solution,  and  after  filtering  from  the  heavy  precipitate  of 
jo-toluidine  hydrochloride,  the  filtrate  was  washed  with  dilute  acid,  dried, 
and  evaporated.     The  oil  which  remained  was  free  from  nitrogen  and 
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gave  when  wa.rm(>tl  with  Kodimu  a  vigorous  effervescence  ;  it  was  there- 
fore distilled  under  atmospheric  pressure,  when  it  furnished  a  large 
fraction  boiling  from  about  245°  to  255^^;  above  this  temperature  the 
thermometer  rose  very  rapidly  and  the  residue  was  not  examined. 

The  fraction  245 — 255°  was  redistilled,  the  portion  boiling  at 
about  250°  collected  separately  and  analysed,  with  the  following 
results  : 

0-1494  gave  03713  CO2  and  01228  H.p.     0  =  67-8;  H  =  91. 
0-1512     „    0-3766  CO2    „    0-1260  H,0.     0  =  679;  H  =  92. 
Oj^HjgOSi  requires  C  =  680;  H  =  9-3  per  cent. 

Phenylethylpropylsilicol  is  a  colourless,  moderately  mobile  liquid 
practically  insoluble  in  water ;  its  further  investigation  has  been 
deferred.  The  fact,  established  by  this  and  by  other  experiments,  that 
the  union  of  nitrogen  and  silicon  is  dissolved  in  presence  of  water, 
renders  such  compounds  unsuitable  for  the  principal  object  of  this 
investigation. 

The  Action  of  Phenylelhylpropylsiiicyl  Chloride  on  the  Silver  Salt  of 
Camphor sulphonic  Acid. 

Theoretically,  the  interaction  of  phenylethylpropylsilicyl  chloride  and 
silver  cZ-camphoi'sulphonate  (Reychler's  acid)  might  be  expected  to  give 
silver  chloride  and  an  ester, 

SiEtPrPhOl  +  CioH^jO-SOgAg  =  AgCl  +  OjotTisO'SOg-SiEtPrPh. 

Should  this  ester  be  crystalline,  as  seemed  probable,  it  might  be  re- 
solved by  ordinary  fractional  crystallisation. 

Experiments  made  on  these  lines  seemed  to  show  that  the  interaction 
proceeds  abnormally.  On  adding  tlie  dry  silver  salt  in  slight  excess 
to  a  solution  of  the  chloride  in  dry  light  petroleum,  an  immediate 
separation  of  silver  chloride  occurs  and,  on  shaking,  the  solution  be- 
comes clear ;  if  then  it  is  decanted  and  kept  in  a  desiccator  over 
sulphuric  acid  it  very  soon  deposits  crystals  of  cZ-camphorsulphonic  acid, 
the  qu;tut-ity  of  this  acid  increasing  on  the  addition  of  more  dry  light 
petroleum.  ^^^  clear  solution  then  contains  an  oil,  which,  however,  is 
certainly  not  tl^  expected  ester,  as  it  can  be  distilled  in  small  quanti- 
ties under  atmosV^^'^^^  pressure  without  charring  appreciably.  This 
beinf  the  case  t'^®  petroleum  solution  was  washed  with  water  (which 
removed  only  a  v^ifJ  small  quantity  of  camphorsulphonic  acid),  dried, 
and  evaporated.  Th.^  residue  consisted  of  a  mobile  oil  and  was  distilled 
under  reduced  pressuV®  (about  75  mm.)  ;  about  half  of  it  passed  over 

from  175 185°  the  tl^l^i'^ometer  then  rose  very  rapidly  to  about  220° 

and  the  rest  distilled  fro*!"^  ^^^^^  temperature  up  to  about  27U°. 

The  principal  fraction, '■  *^^^^'  redistillation,  was  analysed  : 
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0-1602  gave  0-3938  CO2  and  0-1302  HgO.     C  =  67-0;  H  =  9-0. 

0-1476     „     0-3684  CO3   „     0-1222  HgO.     C  =  68-1 ;  H  =  9-2. 

These  results  seem  to  show  that  this  portion  of  the  product  consisted 
of  phenylethylpropylsilicol ;  the  other  fi-actions  wei'e  not  examined, 
'  and  a  satisfactory  explanation  of  the  reaction  cannot  at  present  be 
given  ;  it  seems,  however,  from  this,  and  from  other  experiments  to  Ije 
described  in  a  later  paper,  that  the  ester  is  not  produced,  so  that  the 
further. study  of  the  reaction  has  been  deferred. 

Phenylmethylethylp'opylsilicane,  SiMeEtPrPh. 

A  small  quantity  of  this  silicohydrocarbon  was  prepared,  principally 
in  order  to  ascertain  whether  the  displacement  of  the  last  atom  of 
chlorine  in  the  tetrachloride  by  an  alkyl  group  offered  any  exceptional 
difficulties. 

When  phenylethylpropylsilicyl  chloride  is  treated  with  an  ethereal 
solution  of  excess  of  magnesium  methyl  iodide  no  appreciable  reaction 
occurs,  but  on  gradually  heating  in  an  oil-bath  up  to  about  170%  allow- 
ing the  ether  to  distil  off,  and  then  keeping  at  this  temperature  for 
about  one  and  a  half  hours,  a  considerable  separation  of  magnesium 
chloroiodide  results.  After  cooling,  adding  water,  and  extracting  with 
ether,  the  product  is  obtained  as  an  almost  colourless  oil  which  distils 
almost  entirely  between  225^^  and  235°  under  atmospheric  pressure. 

Fractional  distillation  furnishes  a  liquid  boiling  constantly  at 
228 — 230°  which  forms  about  70  per  cent,  of  the  crude  product. 

0-3830  gave  0-1190  SiOg ;  Si  =  14-6. 

^12-^20^^  requires  Si  =  14-8. 

Phenylmethylethylpropylsilicane  is  a  colourless,  mobile  liquid  having 
a  slight  but  pleasant  aromatic  odour ;  it  is  specifically  lighter  than 
water,  in  which,  of  course,  it  is  practically  insoluble. 

Phenylhenzylethyljjropyhilicaiie,  SiEtPrPhBz. 

This  compound  is  formed  by  the  interaction  of  phenylethylpropyl- 
silicyl chloride  and  magnesium  benzyl  chloride,  but  its  isolation  is 
rather  troublesome  owing  to  the  difiiculty  of  separating  it  from  the 
dibenzyl  which  is  always  produced  in  the  preparation  of  magnesium 
benzyl  chloride.  This  latter  operation  has  been  carried  out  under 
various  conditions,  but  it  seems  impossible  to  prevent  altogether  the 
formation  of  the  hydrocarbon  ;  efficient  cooling  and  stirring  appear  to 
be  advisable.  On  adding  phenylethylpropylsilicyl  chloride  to  an 
ethereal  solution  of  the  magnesium  compound  no  appreciable  develop- 
ment of  heat  occurs  and  there  is  no  separation  of  magnesium  chloride ; 
the  ether  is  therefore  distilled,  and  the  residue  gradually  heated  in  an 
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oil-bath  to  about  160",  at  which  temperature  it  is  kept  during  about 
two  hours. 

Tlie  pasty  product  is  then  cooled,  some  ether  added,  and  the  solution 
filtered  by  the  aid  of  the  pump,  the  magnesium  salt  being  subsequently 
well  washed  with  ether ;  the  combined  filtrate  and  washings  give  on 
evaporation  a  yellow  oil. 

In  the  first  pi'eparations,  this  oil  was  submitted  to  distillation  from 
an  ordinary  flask  under  atniospheric  pressure,  when,  after  many  opera- 
tions, it  yielded  a  considerable  quantity  of  a  liquid  boiling  fairly  definitely 
at  about  325°,  and  some  fractions  of  lower  boiling  point  (which 
deposited  crystals  of  dibenzyl)  together  with  an  oily  residue.  The 
substance  boiling  at  325°  consisted  of  phenylbenzylethylpropylsilicane 
free  from  any  appreciable  quantity  of  impurity,  as  shown  by  the  follow- 
ing analyses  : 

0-1386  gave  0-4093  COg  and  01102  H,0.  C  =  80-5  ;  H  =  8-8. 

0-1721     „     0-5102  CO2    „    0-1369  H."0.  C  =  80-8 ;  H  =  8-8. 
01740     „     00380  SiOg.    Si-lOS. 

CjsHo^Si  require:!  0  =  805  ;  H  =  8-9  ;  Si  =  10-6  per  cent. 

As  the  yield  in  the  above  case  is  small  owing  to  the  repeated  distilla- 
tions necessary  to  completely  remove  the  dibenzyl,  it  is  better  to  frac- 
tionate in  the  long-necked  flasks  provided  with  rod  and  disc  columns 
(p.  216),  which  necessitates  working  under  reduced  pressure.  At  100 
mm.,  the  dibenzyl  passes  over  in  the  fractions  collected  from  about 
210  to  335°;  these  are  cooled,  the  crystals  of  the  hydrocarbon 
separated  by  filtration,  and  the  liquid  again  fractionated  as  before. 
Repeating  these  operations  several  times,  the  phenylbenzylethylpropyl- 
silicane  is  ultimately  obtained  boiling  almost  constantly  at  249 — ^25 P, 
the  yield  being  from  50 — 60  per  cent,  of  the  theoretical ;  in  addition  to 
dibenzyl,  various  by-products  are  obtained  in  the  form  of  a  yellow, 
fluorescent  oil  of  very  high  and  indefinite  boiling  point. 

Analyses  of  the  silicon  preparations  gave  the  following  results  : 

0-1554  gave  0-4565  CO2  and  0-1230  H2O.     0  =  80-1  ;  H  =  8-a 

0-1704      „  0-5042  00,     „   0-1336  H2O.     0  =  80-7 ;  H  =  8-7. 

0-3830      „  00850  Sid'g.    Si=10-4. 

0-2864      „  0-0649  SiOg.    Si  =  10-6  per  cent. 

Phenylbenzylethylpropylsilicane  is  a  colourless,  highly  refractive, 
rather  viscous  liquid,  specifically  lighter  than  water.  The  freshly  dis- 
tilled substance  is  quite  clear,  but  when  left  in  an  open  vessel  it 
gradually  becomes  turbid,  first  at  the  surface  and  then  downwards  ;  this 
seems  to  be  due  to  the  condensation  of  moisture  and  is  certainly  not  the 
result  of  the  decomposition  by  moisture  of  some  unchanged  halogen 
derivative  of  silicon,  as  the  product  is  free  from  halogen  ;  when  kept 
in  a  desiccator  the  silicohydrocarbon  remains  perfectly  clear. 
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It  seems  to  be  insoluble  in  ordinary  concentrated  nitric  acid,  but 
when  left  with  it  at  the  ordinary  temperature  the  acid  slowly  becomes 
brown  and  the  silicon  compound  changes  into  a  tar,  an  odour  of  nitro- 
benzene being  evolved  ;  when  added  to  a  mixture  of  concentrated 
nitric  and  sulphuric  acids  the  compound  is  violently  attacked,  a  tai-ry 
product  being  formed.  The  behaviour  of  the  substance  towards  these 
and  other  reagents  is  left  for  future  investigation. 

'[Decomjjosition  of  Phenylbenzylethylprojyylsilicane  with  Sxdphuric  Acid. 

On  adding  the  silicohydrocarbon  just  described  to  cold  concentrated 
sulphuric  acid  (1|-  vols.)  and  then  shaking  vigorously,  a  rise  in  tempera- 
ture occurs  and  the  acid  becomes  yellowish-bi-own,  but  after  leaving 
the  emulsion  at  rest  for  a  few  minutes  an  oil  separates  at  the  surface ; 
this  oil  is  insoluble  in  water  and  seems  to  be  either  unchanged  pheuyl- 
benzylethylproj^ylsilicane,  or  a  mixture  of  benzene,  benzylethylpropyl- 
silicol,  and  the  ether  or  oxide  of  the  latter,  according  to  the  exact  con- 
ditions of  the  experiment. 

The  silicohydrocarbon  is,  in  fact,  first  decomposed  by  sulphuric  acid, 
probably  according  to  the  following  equation, 

SiEtPrPhBz  +  HgO  =  SiEtPrBz-OH  +  CgH^,, 

and  if  the  quantities  used  be  large  enough,  and  the  shaking  sufficiently 
vigorous,  the  spontaneous  development  of  heat  may  ensure  the  decom- 
position of  the  whole  of  the  silicohydrocarbon ;  if  not,  it  is  only  neces- 
sary to  heat  the  interacting  substances  at  about  70'^  for  a  short  time  to 
complete  the  hydrolysis. 

That  benzene,  and  not  its  sulphonic  acid,  is  thus  produced  is 
proved  by  the  odour  of  the  mixture,  and  also  by  the  fact  that  on 
heating  at  100''  for  some  time  a  considerable  loss  in  weight  occurs, 
amounting  to  at  least  20  per  cent,  of  the  silicohydrocarbon  originally 
present ;  moreover,  the  benzene  may  be  easily  removed  with  a  stream 
of  dry  air,  collected  in  a  well-cooled  vessel,  and  identified  by  its 
melting  and  boiling  points,  or  by  converting  it  into  m-dinitrobenzene, 
all  of  which  methods  were  actually  used ;  these  experiments  also 
showed  that  the  benzene  was  free  from  toluene. 

The  whole  or  by  far  the  greater  part  of  the  oil  which  remains 
floating  on  the  sulphuric  acid  after  the  removal  of  the  benzene  is  still 
insoluble  in  water ;  in  one  experiment  a  part  of  it  was  separated  and 
analysed,  with  a  result  which  indicated  that  it  consisted  principally  of 
beczylethylpropylsilicyl  oxide. 

0-1645  gave  0-0510  SiO^.     Si  =  U-6. 

CjoH^qOSI  requires  Si=  13'6 
Cj^HggOSig       „       Si  =  14-2  per  cent. 
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Further  investigation  is  required  to  settle  the  nature  of  this  product 
more  exactly,  but  [it  is  obvious  that  the  phenyl  group  has  been 
removed  from  the  silicohydrocarbou  in  the  form  of  benzene. 

Sulphonation  of  the  Product  with  Sulphuric  Acid. 

From  the  statements  just  made  it  will  be  seen  that  the  oxide,  or 
mixture  of  alcohol  and  oxide,  resulting  from  the  above  decomposition 
is  not  readily  acted  on  by  sulphuric  acid  at  temperatures  below  about 
70° ;  when,  however,  this  product  is  heated  with  ordinary  con- 
centrated acid  at  100°,  shaking  vigorously  from  time  to  time,  it 
rapidly  undergoes  sulphonation. 

The  fact  that  the  sulphonic  acid  is  insoluble,  or  only  sparingly 
soluble,  in  sulphuric  acid  and  remains  for  the  most  part  as  an  oil 
floating  at  the  surface,  is  at  first  misleading,  but  on  testing  a  portion 
of  this  oil  after  the  heating  has  been  continued  for  some  time,  it  is 
found  to  be  completely  soluble  in  water  and  there  is  no  separation  of 
silica.  The  time  required  to  complete  the  sulphonation  seems  to 
depend  on  whether  or  not  the  benzene  (see  above)  is  first  removed  ; 
in  any  case,  the  presence  of  this  hydrocarbon  makes  it  appear  that  the 
reaction  is  incomplete  (an  oil  separating  on  the  addition  of  water), 
so  that  in  the  earlier  experiments  the  heating  with  sulphuric  acid  was 
probably  continued  for  a  much  longer  period  than  was  really 
necessary ;  judging  from  later  experience,  the  character  of  the 
product  was  thereby  materially  changed. 

The  brief  statements  immediately  following  refer  to  expei'iments  in 
which  pure  phenylbenzylethylpropylsilicane  was  heated  with  ordinary 
sulphuric  acid  (1|  vols.)  at  100°  during  three  to  seven  hours,  and  until 
a  portion  of  the  supernatant  oil  was  soluble  in  water  ;  in  all  cases  a 
slight  evolution  of  sulphur  dioxide  occm-red  towards  the  end  of  the 
process,  and  on  diluting  with  Avater  there  I'esulted  a  pale  yellow 
solution  which  showed  a  marked  green  fluorescence. 

This  solution  was  neutralised  with  ammonia,  treated  with  excess  of 
lead  acetate  and  filtered  from  a  heavy,  sticky,  flocculent  precipitate 
consisting  for  the  greater  part  of  lead  sulphate.  Both  the  filtrate 
and  the  precipitate,  when  treated  separately  with  hydrogen  sulphide, 
gave  solutions  which  yielded  on  evaporation  a  sulphonic  acid  of  some 
silicon  compound,  but  both  these  products  were  very  viscous  and 
gelatinous,  could  not  be  crystallised,  and  were  of  a  dark  brown  colour 
owing  to  the  presence  of  colloidal  lead  sulphide  which  it  was  found  im- 
possible to  remove.  They  both  gave  with  barium  chloride  sticky, 
flocculent  precipitates  which  coxild  not  be  purified,  and  with  other 
metallic  salts  and  with  various  organic  bases  they  yielded  either  no 
precipitate  or  an  oily  product  of  an  uninviting  charactex'. 
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The  isolation  of  the  sulphonic  acid  in  the  usual  way,  namely  as  lead  or 
barium  salt,  being  impracticable,  the  ammonium  salt  was  utilised  for 
this  purpose. 

The  solution  of  the  sulphonation  ^^roduct,  after  being  neutralised 
with  ammonia,  is  first  evaporated  on  the  water-bath  as  far  as  possible  ; 
alcohol  is  then  added  as  long  as  a  precipitate  of  ammonium  sulphate 
is  formed  ;  the  filtrate  is  again  evaporated  at  100°  and  treated  with 
excess  of  methyl  alcohol,  to  remove  any  ammonium  sulphate  which  has 
escaped  the  first  precipitation  ;  after  filtering  again,  the  solution  is 
practically  free  from  sulphate,  and  the  method  here  described  has 
been  found  particularly  useful  in  isolating  several  sulphonic  acids, 
which  give  insoluble  lead  and  barium  salts,  but  the  ammonium  salts 
of  which  are  soluble  in  alcohol. 

The  crude  ammonium  salt,  obtained  by  evaporating  the  methyl- 
alcoholic  solution,  is  a  very  viscid,  pale  yellow  syrup,  hygroscopic,  and 
very  readily  soluble  in  water ;  with  barium  chloride  it  gives  a 
flocculent,  sticky  precipitate  which  is  practically  insokible  in  water 
and  in  strong  alcohol,  but  which  dissolves  completely  in  warm 
aqueous  alcohol.  This  precipitate  is  doubtless  a  mixture ;  when 
fractionally  precipitated  by  adding  water  to  its  hot  solution  in  aqueous 
alcohol,  it  yielded  a  colourless,  granular  barium  salt,  samples  of  which 
gave  on  ignition  with  sulphuric  acid  47 — 50  per  cent,  of  residue 
(barium  sulphate  and  silica),  the  theoretical  quantity  required  for  the 
barium  salt  of  an  acid  of  the  composition 

SiEtPr(OH)-CH2-C^H^-S03H 
being  4 9 '6  per  cent. 

A  pure  ammonium  salt,  however,  can  be  isolated  from  the  syrupy 
mixture  as  shown  below. 


Ammonium  Suljyhohenzylethylprojjylsilicyl  Oxide, 
(SiEtPr-CHa'CeH.-SOg-NHJ^O. 

The  well-dried  syrupy  ammonium  salt  is  dissolved  in  a  little  methyl 
alcohol,  and  ethyl  acetate  gradually  added  to  the  solution  ;  this  causes 
the  separation  of  a  yellow,  buttery  mass.  The  solution  is  decanted, 
the  residue  redissolved  in  a  little  methyl  alcohol,  and  again  precipitated 
with  ethyl  acetate ;  on  repeating  these  operations  the  precipitate 
gradually  becomes  granular,  and  finally  separates  in  lustrous  crystals, 
but  owing  to  the  hygroscopic  nature  of  the  impurities  first  associated 
with  it,  anhydrous  solvents  must  be  used  and  access  of  moisture 
excluded  as  far  as  possible  by  crystallising  over  sulphuric  acid  ;  the 
mother  liquors  from  these  operations  contain  another  ammonium  salt 
which  is  referred  to  later  (p.  228). 

The  pure  ammonium  salt  obtained  in  this  way  is  colourless,  and  to 
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the  unaided  eye  it  appears  well-crystallised,*  V)ut  under  tlie  micro- 
scope it  is  seen  to  consist  of  thin,  ill-delined  plates.  It  is  extremely 
soluble  in  water  and  alcohol,  but  practically  insoluble  in  anhydrous 
acetone  and  ethyl  acetate ;  when  placed  in  cold  water  it  first  changes 
into  a  gelatinous  mass,  which  dissolves  only  slowly,  and  the  solution 
resembles  soapy  water  in  its  great  tendency  to  froth  when  shaken  ; 
with  barium  chloride  the  solution  gives  a  crystalline  precipitate 
readily  and  completely  soluble  in  aqueous  alcohol. 

Silicon  determinations  were  made  with  various  samples,  and  the 
ammonia  was  estimated  by  distilling  with  caiistic  eoda,  the  results 
agreeing  fairly  well  with  those  required  for  the  ammonium  salt  of  a 
sulphonic  acid  of  the  composition  EtPrSi(OH)*0Ho*C|jH^"S03H  ;  that 
the  sn]i)houic  acid  is  really  derived  directly  or  indirectly  from  the 
alcohol  SiEtPrBz'OTT,  and  not  from  the  silicohydrocarbon, 

HiEtiVPhBz, 
is  also  clearly  proved  by  the  experiments  already  recorded  (p.   223)  as 
well  as  by  those  to  be  described  later. 

Molecular  weight  determinations  were  made  l)y  the  cryo.scopic 
method  in  aqueous  solution,  the  following  results  being  obtained  : 


Substance. 

Solvent. 

D. 

M,  W, 

0-6514 

20 

0130      • 

476 

0G166 

20 

0-120 

488 

1-43 

15-8 

026 

660 

As  the  calculated  molecular  weight  for  a  compound  of  the  con- 
stitution SiEtPr(OH)-CH._j-CeH^-S03-NH4  is  305,  and  as  such  a  salt 
would  probably  be  ionised  to  a  considerable  extent  in  aqueous  solution, 
the  experimental  results  were  obviously  not  in  harmony  with  those 
required  for  a  substance  of  the  above  formula. 

At  first  it  seemed  possible  to  attribute  the  abnormally  high 
molecular  weight  to  association,  especially  if  the  salt  really  contained 
a  hydroxyl  as  well  as  a  sulphonic  group,  but  further  investigations 
rendered  this  assumption  improbable. 

The  fact  that  the  mere  decomposition  of  benzylethylpropylsilicyl 
chloride  with  water  leads  to  the  formation  of  a  mixture  of  silicol  and 
oxide,  and  that  several  other  compounds  of  the  type  SiRj'OH  pass  into 
the  corresponding  oxides,  (SiE3)20,  very  easily,  pointed  rather  to  the 
conclusion  that  the  sulphonic  acid  in  question  was  a  derivative,  not  of 
the  simple  silicol,  but  of  the  corresponding  oxide ;  the  calculated 
molecular  weight  of  the  ammonium  salt  would  then  be  592.  This 
supposition  was  also  borne  out  by  the  following  analyses  of  the 
ammonium  salt  itself,  by  analyses  and  molecular  weight  determina- 

*  This  was  the  first  crystalline  silicon  componnd  obtained  during  at  least  six 
months'  work,  so  the  author  has  been  careful  not  to  overrate  its  beauty. 
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tions  of  the  menthylamine  salt,  and  by  other  evidence  which  has  been 
referred  to  in  the  introduction. 

For  the  analyses  the  ammonium  salt  was  dried  at  100°  ;  the  samples 
may  possibly  have  contained  traces  of  ammonium  sulphate,  but  were 
otherwise  pure ;  this  possible  impurity  could  not  be  detected  with  the 
aid  of  barium  chloride  (see  above).  It  is  perhaps  advisable  to  mention 
that  a  long  layer  of  lead  chromate  and  a  long  copper  spiral  were  used 
in  the  combustions  : 

0-3107  gave  0-0623  SiO,.     Si  =  9-5. 

0-3630     „     00760  SiO.^.     Si  =  9-8. 

0-5138     „     0-1025  SiO^.     Si  =  9-3. 

0-1934     „     NH3  =  5-7  (by  distillation). 

0-1864     „     0-3306  CO2  and  0-1276  H^O.     0  =  484  ;  H  =  7-6. 

0-1552     „     0-2760  COo   „    0-1104  H,0.     0  =  48-5  ;  H  =  7-9. 

0-1760    „     0-3115  OOa'    „   0-1218  H.O.     0  =  48-3  ;  H  =  7-7. 

G24H4AN2S2Si2  requires  Si  =  9-6;  NH:3  =  5-7;  0  =  48-6;  H  =  7-4. 

OiaHaaO^NSSi  requires  Si  =  93 ;  NH3  =  5-5 ;  0  =  47-1 ;  H  =  7-5  per  cent. 

It  will  be  seen  from  the  calculated  values  that  the  salt  derived 
from  the  oxide  differs  but  little  in  percentage  composition  from  that 
derived  from  the  alcohol :  all  the  analytical  results,  however,  point  in 
the  same  direction,  namely,  to  the  more  complex  formula.  The 
determination  of  the  silicon  in  the  compound  was  accomplished  by 
heating  with  concentrated  sulphuric  acid  (Part  I);  when  the  salt  is 
heated  alone,  even  very  slowly,  as,  for  example,  in  carrying  out  the  com- 
bustions, it  yields  a  residue  of  silica  of  only  about  3  per  cent.,  a  fact 
from  which  it  might  be  inferred  that  unpolymerised  silicon,  or  its  oxide, 
is  volatile  at  a  red  heat,  or  that  some  readily  volatile  silicon  derivative 
is  formed  during  the  decomposition  of  the  salt ;  a  similar  behaviour 
is  exhibited  by  other  silicon  compounds  of  high  molecular  weight,  as 
will  be  shown  in  a  later  communication. 

It  should  perhaps  be  mentioned  here  that  ammonium  sulpho- 
benzylethylpropylsilicyl  oxide  has  been  obtained  by  a  method 
altogether  different  from  that  described  above,  and  that  some  of  the 
recorded  analyses  were  made  with  samples  of  the  salt  prepared  by  this 
later  method,  the  identity  of  the  substances  from  the  two  sources 
having  been  fully  established. 

Bif-jn'oducts  formed  during  Sulphonation. 

The  crystalline  ammonium  salt  described  above  is  doubtless  a  pure 
substance  ;  that  is  to  say,  it  is  free  from  the  optically  isomeric  salt  of 
the  internally  compensated  acid,  which  theoretically  should  be  formed 
by  the  sulphonation  of  the  oxide. 
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When,  however,  the  mother  liquors  from  this  ci'ystalline  product  are 
evaporated  over  sulphuric  acid,  and  again  treated  with  anhydrous  ethyl 
acetate,  they  give  in  the  first  place  small  quantities  of  the  crystalline 
compound  in  an  irapui-e  condition,  and  then  deposits  which,  when  dried, 
consist  of  a  light  colourless  powder  of  microcrystalline  structure  ; 
finally  they  yield  a  pale  yellow  gum  which  is  readily  soluble  in  ethyl 
acetate,  but  which  is  also  an  ammonium  salt  of  a  sulphonic  derivative 
of  silicon.  The  product  of  the  sulphonation  of  phenylbenzylethyl- 
propylsilicane  Avith  sulphuric  acid  under  the  conditions  described 
above  is,  therefore,  a  mixture. 

Apjiarently  the  proportion  of  the  acid  which  furnishes  the  well- 
defined  crystalline  ammonium  Halt  depends  very  greatly  on  the  con- 
ditions of  sulphonation,  becoming  smaller  and  smaller  as  the  heating 
at  100°  is  continued,  until  at  the  end  of  about  seven  hours  the 
powdery  ammonium  salt  seems  to  be  the  principal,  if  not  the  only, 
solid  product  which  can  be  isolated.  As  the  latter  seemed  to  be  a 
mixture  it  was  not  analysed,  but  was  converted  into  the  /-menthyl- 
amine  salt  in  the  hope  of  obtaining  a  pure  substance  by  fractional 
crystallisation;  the  menthylamine  salt,  however,  proved  on  examina- 
tion to  be  a  compound  of  a  very  uninviting  character,  and  a  great 
deal  of  time  was  spent  without  any  useful  result ;  when  fi'actionally 
precipitated  from  its  solution  in  moist  acetone  or  methyl  alcohol  by 
the  addition  of  water,  it  gave  colourless  flocculent  deposits  of  indefinite 
melting  point.  All  these  preparations  lacked  the  characteristics  of  a 
pure  compound,  and  their  general  behaviour  indicated  high  molecular 
weight,  that  is  to  say,  in  comparison  with  the  crystalline  menthylamine 
salt  described  on  page  229  ;  having  apparently  no  immediate  bearing 
on  the  principal  object  of  this  investigation,  they  have  been  reserved 
for  future  examination. 

Melallic  Salts  of  Sulphobenzijleihylpropylsilicyl  Oxide 

Hitherto  the  examination  of  the  sulphonic  acid  has  been  entirely 
restricted  to  the  question  of  its  i-esolution,  and  very  few  derivatives  of 
it  have  been  prepared  excepting  salts  of  optically  active  bases  ;  it  has 
been  incidentally  observed  that  in  addition  to  the  ammonium  salt  the 
barium  and  sodium  salts  crystallise  well,  but  these  and  other  simple 
derivatives  are  reserved  for  future  study.  The  barium  salt,  although 
practically  insoluble  in  water  and  in  alcohol,  dissolves  freely  in  aqueous 
alcohol,  a  remarkable  property,  which  is  also  shown  by  barium  salts  of 
several  other  sulphonic  derivatives  of  silicon. 
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l-Menlhylam lite  fSulpliobenzijletliylpropylsUici/l  Oxide, 
(SiEtPr-CH2-C6H^-S03H,CioH2iN)20. 

The  addition  of  an  aqueous  solution  of  ^-menthylamine  *  hydro- 
chloride to  an  aqueous  solution  of  the  crystalline  ammonium  salt 
(p.  225)  produces  at  first  an  oily  precipitate  which  dissolves  on  stii-ring, 
and  when  a  certain  proportion  of  the  menthylamine  salt  has  been 
added  there  results  a  viscid,  translucent  fluid  very  similar  in  appearance 
to  raw  white-of -egg  ;  a  further  quantity  of  the  hydrochloride  then 
produces  a  crystalline  precipitate,  and  finally  the  whole  solution 
becomes  a  thick  paste  of  crystals.  The  product  is  separated,  washed, 
and  recrystallised  from  aqueous  methyl  alcohol  or  from  moist  ethyl 
acetate. 

It  forms  flat,  lustrous  plates  or  prisms,  which  when  suddenly  or  very 
rapidly  heated  melt  below  100'^  in  their  water  of  crystallisation  ;  when 
slowly  heated  the  melting  point  is  about  230°,  but  as  the  salt 
decomposes  a  little  at  this  temperature,  the  rate  of  heating  probably 
influences  the  result  to  some  extent.  Although  practically  insoluble 
in  water,  it  dissolves  freely  in  the  common  alcohols,  in  aqvieous 
acetone,  and  in  moist  ethyl  acetate ;  in  anhydrous  acetone,  ethyl  acetate, 
and  light  petroleum  it  is  practically  insoluble. 

Samples  prepared  by  crystallising  from  aqueous  methyl  alcohol  (I  and 
II)  and  from  moist  ethyl  acetate  (HI),  and  then  dried  in  the  aii',  con- 
tain four  molecules  of  water  of  crystallisation,  which  is  lost  at  100". 
I.  1-0562  lost  0-0830  H.O  ;  H20  =  7-85. 

II.  0-6062    „    0-0464  HgO;  H.^O  =  7-65. 

III.   1-7577    „    0-1257  H2O;  H20  =  7-l. 

O^^HgoO-NoS^Sio  +  4H2O  requires  H^O  =  7-5  per  cent. 

Analyses  of  the  anhydrous  salt  gave  the  following  results  : 

,   0-4397  gave  0  0580  SiO^.     Si  =  6-20. 
'0-3800     „     00525  SiOg.     Si  =  6-51. 

0-1655     „     0-3666  CO2  and  0-1395  H^O.      C  =  60-4  ;  H  =  9-4. 

0-1591     „     03536  col   „     0-1345  HgO.     C  =  60-6 ;  H  =  9-4. 
Cj4H3o07N2^,Si2requires  Si  =  6-5;  0  =  60-8;  H  =  9-2. 
Oo^H^^OjNSSi  requires  Si  =  6-4  ;  0  =  59-5;  H  =  9-2  per  cent. 

These  results  agree  satisfactorily  with  those  required  for  the 
menthylamine  salt  of  a  sulphonic  acid  derived  from  benzylethyl- 
propylsilicyl  oxide,  and  confirm  the  assumption  that  the  acid  is  not 
benzylethylpropylsilicolsulphonic  acid,  the  menthylamine  salt  of  which 
would  have  the  percentage  composition  shown  above  for  the  sake  of 
comparison. 

*  The  optically  pure  ^-base  tlescribed  by  Tutin  and  Kipping  (Trans.,  1904,  85, 
€5)  was  employed  in  all  cases. 
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The  equivalent  of  the  salt  was  also  determined  by  boiling  a  weighed 
quantity  of  the  anhydrous  substance  with  excess  of  i\Y50  sodium 
carbonate  solution  until  all  the  menthylamine  was  expelled,  and  then 
titrating  with  iV/50  acid,  using  litmus  as  indicator.  The  value 
obtained  was  432-8,  that  calculated  for  the  sulphonic  derivative  of  the 
oxide  being  434'4  against  443' 4  for  the  simpler  derivative  of  the  alcohol. 
Control  experiments  made  with  pure  menthylamine  hydrochloride 
showed  that  this  method  of  analysis  admits  of  great  accuracy,  provided 
that  the  glass  vessels  used  are  carefully  chosen. 

The  molecular  weight  of  the  Z-menthylamine  salt  was  determined  in 
99-6  per  cent,  methyl  alcohol  by  Landsberger's  modification  of  the 
ebullioscopic  method,  carefully  dehydrated  samples  of  the  salt  being 
employed ;  the  following  data  were  obtained  : 


Substance. 
0-402 

Volume  of 
sulutiou. 
10  c.c. 

E. 
0-08 

M.W. 
578 

0-Gl 

5-5 

0-245 

520 

115 

8 

0-4 

413 

1-01 

15 

0-155 

500 

Unfortunately  the  experimental  error  is  very  high  owing  to  the 
exceptionally  small  value  of  the  constant  for  methyl  alcohol,  and  the 
results  consequently  ai'e  not  by  any  means  conclusive  ;  taking  the' 
average  value,  which  is  about  503,  and  bearing  in  mind  that  the  salt 
is  probably  ionised  to  a  great  extent,  the  result  agrees  fairly  well 
with  that  which  would  be  expected  in  the  case  of  the  menthylamine 
salt  of  the  molecular  formula  C^^Hg^O^NgS^Sig ;  the  calculated  mole- 
cular weight  for  this  compound  is  869,  that  of  the  salt  derived  from 
the  silicol,  443. 

The  specific  rotation  of  a  sample  of  the  menthylamine  salt  was 
determined  in  methyl-alcoholic  solution  :  0402  gi-ani  of  anhydrous  salt ; 
volume  of  solution,  23  c.c;  tube,  200  mm.  ;  a -0-5°;  [ajo  -15-5°. 

Fractional  Crystallisation  of  the  \- Menthylamine  Salt. 

Assuming  that  the  acid,  fi-om  which  the  crystalline  ammonium  and 
^-menthylamine  salts  are  derived,  contains  two  asymmetric  silicon 
groups,  it  might  be  either  the  internally  or  the  externally  compensated 
compound  ;  in  the  latter  case,  the  Z-menthylamine  and  other  salts  of 
optically  active  bases  might  be  resolved  into  their  components  by  frac- 
tional crystallisation. 

As  regards  the  Z-menthylamine  salt,  apparently,  this  possibility  has 
not  yet  been  realised. 

The  salt  ciystallises  well  from  aqueous  methyl  alcohol  in  lustrous 
flat    prisms ;  similarly   from    aqueous    acetone ;  systematic    fi-actional 
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crystallisation  from  these  solvents  at  the  ordinary  temperature  left  it 
unchanged  in  appearance  and  in  melting  point.  Fi'actional  crystal- 
lisation from  anhydrous  ethyl  acetate,  containing  a  trace  of  methyl 
alcohol,  at  temperatures  near  to  the  boiling  point  of  the  solvent,  also 
yielded  negative  results,  as  did  also  the  use  of  acetone  in  the  place  of 
ethyl  acetatCi 

Fractional  precipitation  of  the  compound  from  a  solution  of  the 
sodium  salt  of  the  acid  was  also  tried,  but  the  two  fractions  were 
identical  in  appearance  and  in  melting  point. 

The  ^-menthylamine  salt,  in  fact,  is  so  constant  in  pi'operties  that  in 
the  later  experiments  on  the  resolution  of  the  acid  it  has  been  used  as 
the  starting  point,  as  the  standard,  and  as  the  means  of  regaining  the 
acid  in  a  state  of  established  purity  from  other  compounds. 

In  the  light  of  subsequent  experience  it  seems  not  impossible  that 
this  salt  may  really  have  been  resolved  in  some  of  the  experiments 
mentioned  above,  but  that  the  two  components  are  so  similar  as  to 
appear  to  be  identical ;  in  view  of  this  possibility  the  salt  will  be  again 
examined  in  the  near  future. 


di- Bornylamine  tiulpliobenzyletliyl'propylsilicyl  Oxide, 
(SiEtPr'CH2'CeH^-S03H,CioHi9N)20. 

In  preparing  this  compound  by  gradually  adding  a  solution  of 
d-bornylamine  hydrochloride  *  to  a  solution  of  the  ammonium  salt, 
the  same  phenomenon  is  observed  as  in  pi^eparing  the  ^menthylamine 
salt ;  that  is  to  say,  the  precipitate  first  produced  is  soluble  in  excess 
of  the  ammonium  salt,  and  after  the  addition  of  a  certain  quantity  of 
the  bornylamine  compound  the  product  closely  resembles  raw  white-of- 
egg  ;  further  quantities  of  the  hydrochloride  then  cause  the  separation 
of  an  oil  which  slowly  solidifies,  and  which  can  be  obtained  in  a  pure 
state,  but  not  in  very  well-defined  crystals,  by  allowing  its  solution 
in  aqueous  methyl  alcohol  to  evaporate  slowly. 

This  salt  melts  and  decomposes  a  little  at  208 — 210°  ;  it  dissolves 
freely  in  alcohol,  ethyl  acetate,  or  aqueous  acetone,  but  is  only 
sparingly  soluble  in  anhydrous  acetone  and  practically  insoluble  in 
water ;  it  undergoes  hydrolysis  by  water  to  some  extent,  bornylamine 
being  evolved  when  its  aqueous  solution  is  boiled. 

Attempts  were  made  to  resolve  this  compound  by  fractionally 
crystallising  it  from  aqueous  methyl  alcohol,  from  aqueous  acetone,  and 
from  a  mixture  of  acetone  and  ethyl  acetate  at  the  ordinary  tempera- 
ture ;  also  by  fractionally  extracting  the  anhydrous  salt  with  hot  dry 
acetone,  from  which  it  sepai'ates  on  cooling  in  opaque  nodules  ;  also 
by    fractionally    crystallising    from    a    hot    mixture    of    acetone    and 

*  The  author  ij  indebted  to  Dr.  M.  0,  Forster,  F.R.S.,  for  a  sujiply  of  this  salt. 
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benzene.  No  cliange  in  melting  point  was  observetl,  and  exti-eme 
fractions,  obtained  by  the  use  of  hot  acetone,  when  examined  optically 
gave  the  following  results  in  methyl-alcoholic  .solution  : 

Fraction  I.  0'3992  gram ;  volume  of  solution,  25  c.c. ;  200  mm. 
tube;  a  +  O-SO'^;  [a],,  +9-6°. 

Fraction  IV,  0"5233  gram;  other  conditions  as  above;  a  +  0*42°; 
[a]„    +10-0«. 

Cinchonidine  Sulphohenzylethylpropylsilicyl  Oxide. 

Owing  to  the  difficulty  of  establishing  the  purity  of  the  ammonium 
salt,  the  ^-menthylamine  derivative  was  used  as  the  starting  point  in 
the  preparation  of  this  and  of  some  other  salts  described  below.  The 
pure  menthylamine  compound  is  decomposed  with  a  very  slight  excess 
of  the  theoretical  quantity  of  sodium  carbonate,  the  liberated  base 
distilled  in  steam,  and  the  residual  solution  rendered  faintly  acid 
with  acetic  acid ;  this  solution  is  then  concentx'ated  and  employed 
directly  for  preparing  other  compounds,  which  afterwards  may  be 
reconvei'ted  into  the  ammonium  or  sodium  and  then  into  the  menthyl- 
amine salt. 

The  addition  of  a  solution  of  cinchonidine  hydrochloride  to  a 
solution  of  the  sodium  salt  causes  the  pi-ecipitation  of  a  very  thick 
oil,  which  at  first  redissolves  on  stirring,  but  which  is  finally  obtained 
as  a  viscous  mass,  practically  insoluble  in  water. 

This  product  was  extracted  fractionally  with  warm  aqueous  methyl 
alcohol  and  also  with  aqueous  acetone,  but  in  all  cases  the  solutions 
gave  oily  or  stringy  silky  deposits  when  cooled  in  ice.  The  salt  was 
therefore  dried,  dissolved  in  hot  ethyl  acetate,  the  solution  mixed  with 
dry  acetone,  and  evaporated  over  sulphuric  acid  ;  this  treatment  yielded 
a  deposit  of  white  translucent  nodules,  and  by  repeating  these 
operations  several  times  the  compound  was  sepai"ated  into  three 
fractions,  all  of  which,  however,  melted  at  148 — 150^. 

The  salt  being  readily  soluble  in  chloroform  it  was  next  precipitated 
fractionally  from  this  solvent  by  addiog  dry  acetone,  and  the  deposits 
were  then  systematically  extracted  with  hot  acetone  in  presence  of  a 
little  chloroform  ;  finally  there  resulted  four  main  fractions,  the  first 
and  fourth  of  which  were  dried  at  100^  and  examined  polarimetrically 
in  methyl-alcoholic  solution,  the  volume  of  the  latter  being  25  c.c. : 

Fraction  I.  02852  gram  ;  200  mm.  tube  ;  a  -  1-67° ;  [ajo- 73-2°. 
„        IV.     0-2771       „  „  a-l-62°;[a]D-73-l°. 

These  values,  confirmed  by  melting-point  observations,  seem  to  show 
that  the  salt  has  undergone  no  change ;  and  further  experiments  like- 
wise gave  negative  results. 

This  salt,  like  several  othei^s  which  will  be  described  later,  is  easily 
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crystallised  in  absence  of  water,  but  is  almost  invariably  deposited 
as  an  oil  from  wet  solvents,  such  as  aqueous  methyl  alcohol  or  aqueous 
acetone.  It  is  only  very  sparingly  soluble — possibly  insoluble — in 
anhydrous  acetone,  but  in  presence  of  traces  of  water  it  dissolves 
moderately  easily,  separating  again  as  a  white  powder  on  evaporating 
over  sulphuric  acid  ;  if  the  solution  and  deposit  are  then  exposed  to 
the  air,  the  powder  first  changes  into  masses  of  small  needles  and 
ultimately  dissolves  owing  to  absorption  of  moisture.  Occasionally 
the  salt  may  be  obtained  in  long  transparent  prisms  by  crystallising 
from  moist  acetone  containing  the  right  proportion  of  water. 

Cinchonidine  Hydrogen  Sulpliobenzyletliylproiyylsilicyl  Oxide. 

The  salt  just  described,  and  in  fact  many  of  the  alkaloidal  salts 
which  have  been  prepared  by  precipitation,  may  be  converted  into  an 
"acid"  salt  with  the  aid  of  hydrochloric  acid. 

The  (normal)  salt,  melting  at  148 — 150°,  is  dissolved  in  methyl 
alcohol,  the  solution  treated  with  excess  of  concentrated  hydrochloric 
acid,  and  the  alcohol  evaporated  ;  the  cinchonidine  hydrogen  salt  is 
thus  obtained  as  a  very  viscous  silky  mass  and  is  washed  with  water, 
in  which  it  is  practicably  insoluble.  It  dissolves  freely  in  methyl 
alcohol  and  in  aqueous  acetone,  but  separates  again  as  an  oil  on 
diluting  with  water,  or  when  the  solutions  are  kept  in  an  ice-chest  and 
allowed  to  evaporate  spontaneously.  When  the  salt  is  dried  at  100°  it 
is  obtained  as  a  glass-like  mass  which  is  practically  insoluble  in  dry 
acetone  and  only  very  sparingly  soluble  in  anhydrous  ethyl  acetate  ; 
from  its  solution  in  absolute  methyl  alcohol  it  is  precipitated  by 
acetone  in  the  form  of  a  granular  powder,  which  deliquesces  if 
exposed  to  moist  air  before  it  is  free  from  acetone  ;  using  these  solvents 
a  small  quantity  of  the  salt  was  separated  into  four  fractions  of 
approximately  equal  weights,  and  the  melting  points  of  the  first  three 
were  compared ;  they  all  behaved  in  the  same  way,  darkening 
from  about  215°  and  decomposing  completely  at  about  220°  when 
heated  rapidly. 

The  decomposing  point  of  the  salt  being  rather  indefinite,  the  most 
sparingly  soluble  fraction  was  decomposed  with  ammonia,  and  the 
^menthylamine  salt  obtained  from  it  by  precipitation  ;  after 
recrystallisation  from  ethyl  acetate  this  preparation  had  the  melting 
point  of  the  original  ^-menthylamine  salt.  As  this  cinchonidine 
hydrogen  salt  crystallised  so  badly  and  seemed  to  be  unchanged  it  was 
not  further  examined ;  experiments  with  much  larger  quantities  of 
material  will  be  made  in  the  near  future. 


VOL.   XCI. 
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Strychnine  Salt. 

The  precipitate  first  produced  by  a  solution  of  strychnine  hydro- 
chloride in  a  solution  of  the  sodium  salt  is  redissolved  on  stirring, 
giving  a  heavy,  sti-eaky,  opalescent  fluid,  from  which  a  very  viscous  oil 
separates  on  adding  further  quantities  of  the  hydrochloride.  This 
product  was  fractionally  extracted  with  hot  water,  in  which  it  was 
almost  insoluble,  but  all  the  extracts  deposited  an  oil  which  did  not 
separate  in  crystals  from  aqueous  alcohol  or  acetone.  The  salt  was 
therefore  dried  at  100°  and  the  resulting  brittle  solid  dissolved  in  a 
mixture  of  anhydrous  ethyl  acetate  and  acetone ;  on  evaporating 
over  sulphuric  acid,  the  solution  deposited  a  fine  white  powdei',  which 
was  separated  into  three  main  portions  by  systematically  crystallising 
fx'om  the  same  anhyd)'0us  solvents  at  the  ordinary  temperature. 
These  portions  were  then  crystallised  separately  from  warm 
acetone. 

The  several  fractions  thus  obtained  seemed  to  be  identical  in 
outward  properties,  and  the  first  and  second,  when  heated  simultane- 
ously, melted  at  205 — 208°,  turning  slightly  brown;  the  third  or 
most  soluble  fi'action  had  a  rather  lower  melting  point,  and  was 
decomposed  with  ammonia  and  converted  into  the  ^menthylamine  salt, 
which,  after  having  been  crystallised  from  aqueous  alcohol,  melted  at 
226 — 228°  ;  as  this  salt  was  not  quite  pure  and  its  melting  point  was 
only  a  little  lower  than  that  of  the  salt  of  the  cZ^-acid,  it  was  inferred 
that  the  acid  had  not  been  resolved. 

This  strychnine  salt  is  very  readily  soluble  in  alcohol,  aqueous 
acetone,  and  hot  ethyl  acetate,  but  only  sparingly  so  in  anhydrous 
acetone ;  it  is  easily  obtained  in  a  solid  state  from  anhydrous  solvents, 
but  separates  as  an  oil  if  water  be  present. 

Resolution  of  dl-Sulphohenzylethyljjropylsilicyl  oxide. 

When  a  solution  of  the  sodium  salt  of  the  c?^sulphonic  acid,  prepared 
from  the  pure  ^menthylamine  salt,  is  treated  with  a  solution  of  cZ-methyl- 
hydrindamine  hydrochloride  (Tattersall  and  Kipping,  Trans.,  1903, 
83,  918),  there  results  an  oily  precipitate,  soluble  at  first  in  excess  of 
the  solution  of  the  sodium  salt,  giving  a  very  thick  translucent  fluid  ; 
the  addition  of  methylhydrindamine  hydrochloride  in  slight  excess 
then  causes  the  separation  of  a  heavy  oil,  which  may  be  washed  by 
decantation.  When  this  oil  is  dissolved  in  aqueous  methyl  alcohol 
and  the  solution  left  for  a  day  or  two,  it  slowly  deposits  a  fine  white 
powder  and  ultimately  sets  to  a  thick  paste  of  minute  crystals ;  when 
separated  and  dried,  this  salt  melts  at  about  170°,  but  when  recrystal- 
lised  from  aqueous  methyl  alcohol  its  melting  point  rises   rapidly,  and 
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after  three  or  four  operations  the  most  sparingly  soluble  portion  melts 
at  about  205°. 

This  compound,  and  further  crystalline  deposits  of  lower  melting 
point,  having  been  separated  from  the  mother  liquors,  the  latter 
finally  deposit  an  oil  which  does  not  solidify  when  kept  [for  some  days 
at  the  ordinary  temperature ;  when  roughly  dried,  this  oil  dissolves  in 
anhydrous  acetone  and  the  solution,  if  kept  over  sulphuric  acid, 
deposits  a  gelatinous  solid,  which  is  now  only  sparingly  soluble  in 
anhydrous  acetone  (some  water  having  been  removed) ;  from  this 
solvent  the  salt  is  obtained  as  a  very  friable,  somewhat  resinous 
solid,  which  sinters  at  about  128°,  melting  completely  at  132 — 135°. 

The  very  great  difference  between  these  salts  in  outward  properties 
pointed  to  the  conclusion  that  the  acid  had  been  resolved  ;  the  two 
compounds  were  therefore  dried  at  100°  and  examined  polarimetrically 
in  methyl-alcoholic  solution,  with  the  following  results  : 

f^imringly  soluble  salt :  I.  0'4552  gram  ;  volume  of  solution,  25 
c.c.  ;  200  mm.  tube;  a +  0-57°;  [a]o  +  15-6°. 

II.  0'4624  gram  under  the  same  conditions  ;  a  +  0"59°  ;  [ajo-f- 16"0° 
These  two  samples  were  different  preparations. 

More  readily  soluble  salt :  0'5224  under  the  same  conditions  ;  a  + 
0-65°;  [a]D+15-6° 

These  values  being  identical  within  the  limits  of  experimental 
error,  the  two  salts  were  separately  decomposed  with  sodium  carbocate, 
the  c^methylhydrindamine  expelled,  and  the  solutions  neutralised  with 
acetic  acid  ;*  the  /-methylamine  salt  was  then  prepared  from  each 
solution,  recrystallised,  and  examined. 

That  from  the  sparingly  soluble  cZ-methylhydrindamine  salt  melted 
at  about  228°  and  seemed  to  be  identical  with  the  corresponding  salt 
of  the  cZ^acid  ;  its  specific  rotation  was  determined  in  methyl-alcoholic 
solution  :  0'465  gram ;  volume  of  solution,  25  c.c.  ;  200  mm.  tube  ; 
a  -  0'56°  ;  [ajo  -  15"1°.  That  from  the  more  readily  soluble  cZ-methyl- 
hydrindamine  salt  melted  at  about  230°,  and  seemed  to  be  identical 
with  the  corresponding  salt  of  the  c/^-acid ;  its  specific  rotation  was 
determined  in  methyl-alcoholic  solution:  0'674  gram ;  volume  of 
solution,  25  c.c.  ;  200  mm.  tube  ;  a -0-9°;   [a]D-15-8°. 

A  mixture  of  the  two  menthylamine  salts  from  the  two  methyl- 
hydrindamine  salts  melted  at  about  228°. 

These  persistently  similar  results  given  by  the  two  cZ-methylhydrind- 
amine  salts,  although  not  incompatible  with  the  view  that  the  acid 
had  been  resolved,  made  it  necessary  to  search  carefully  for  any  other 

*  Both  the  solutions  were  opalescent  owing  to  some  slight  decomposition  having 
occurred  ;  for  this  reason,  they  coulJ  not  be  examined  polarimetrically  with  accuracy, 
and  a  few  readings  which  ^^'tre  taken  indicated  optical  activity  in  both  cases. 

R    2 
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possible  explanation  or  source  of  error  ;  the  experiments  were  therefore 
repeated,  starting  from  carefully  purified  ^menthylamine  salt  as  the 
source  of  the  acid,  and  vising  a  sample  of  (Z-methylhydrindamine 
hydrochloride,  which  had  been  repeatedly  crystallised  and  which 
showed  a  specific  rotation  of  [a]u  +  32-7°  in  aqueous  solution,  a  value 
a  trifle  higher  than  those,  [ajo  30-3°,  30*7°,  31*2°,  previously  recorded 
(Tattersall  and  Kipping,  loc.  cit.).  The  same  two  salts  as  before  were 
obtained  when  the  cZ-niethylhydrindamine  compound  was  crystallised 
fractionally  as  already  described. 

The     two     d-methylhydrindamine     salts     contain     enantiomorphously 

related  acids. 

The  proof  that  the  cW-silicylsulphonic  acid  had  in  fact  been  resolved 
with  the  aid  of  its  cZ-methylhydrindamine  salt  was  afforded  by 
examining  the  behaviour  of  the  acids  in  the  resolution  products  towards 
Z-methylhydrindamine. 

When  the  sparingly  soluble  cZ-methylhydrindamine  salt  is  repeatedly 
evaporated  with  ammonia  in  a  shallow  basin,  the  organic  base  is 
entirely  expelled  and  the  ammonium  salt  of  the  acid  remains  as  a 
gummy  mass,  readily  soluble  in  cold  water  ;  this  solution  gives  with 
cZ-methylhydrindamine  hydrochloride  an  oily  precipitate,  which  begins 
to  crystallise  almost  immediately  and  which  is  identical  with  the 
original  sparingly  soluble  salt  of  the  cZ-base ;  with  a  solution  of 
Z-methylhydrindamine  hydrochloride,  the  ammonium  salt  also  gives  an 
oily  precipitate,  which,  however,  does  not  crystallise  even  when  rubbed 
with  a  crystal  of  the  sparingly  soluble  salt,  but  which  in  the  course  of 
about  twenty-four  hours  gradually  changes  to  a  rather  gelatinous 
solid,  which  ultimately  crystallises  and  then  melts  at  about  145°. 

As  the  acid  in  the  ammonium  salt  thus  behaves  differently  towards 
enantiomorphously  related  bases,  it  must  itself  be  enantiomorphous. 

The  more  readily  soluble  cZ-methylhydrindamine  salt  melting  at  about 
135"  (which  must  not  be  regarded  as  free  from  its  optical  isomeride) 
contains  an  acid  enantiomorphously  related  to  that  of  the  more 
sparingly  soluble  salt  melting  at  about  205°.  When  the  former  is 
decomposed  with  sodium  carbonate,  the  organic  base  expelled,  the 
solution  neutralised  with  acetic  acid  and  treated  with  Z-methylhydrind- 
amine  hydrochloride,  there  results  an  oily  precipitate  which  soon 
crystallises ;  fractional  separation  of  this  salt  from  aqueous  methyl 
alcohol  yields  a  considerable  quantity  of  a  sparingly  soluble  pi'oduct 
melting  at  about  205°  and  indistinguishable  from  the  cZ-methylhydrind- 
amine  compound  of  like  melting  point. 

Now  this  salt,  melting  at  about  205°,  which  is  a  derivative  of 
^methylhydrindamine,  when  repeatedly  evaporated  with  ammonia  in  a 
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shallow  basin,  gives  an  ammonium  salt  which  shows  the  following 
behaviour  :  with  a  solution  of  ^-methylhydrindamine  hydrochloride 
there  results  a  precipitate  which  crystallises  immediately  and  which  is 
identical  with  the  original  salt  of  the  Z-base ;  with  a  solution  of 
(i-methylhydrindamine  hydrochloride,  however,  there  results  an  oil 
which  only  solidifies  after  many  hours,  giving  a  somewhat  gelatinous 
mass. 

This  salt  of  fZ-methylhydrindamine  melts  simultaneously  with  the 
similar  gelatinous  salt  of  Z-methylhydrindamine  mentioned  above, 
namely,  at  about  145°;  from  these  experiments  it  is  concluded  that 
the  two  compounds  are  enantiomorphously  related. 

dX-Methylhydrindamine  AX-Sulphohenzylethyljiropylsilicyl  Oxide. 

If  the  two  salts  melting  at  about  205°  and  obtained  as  described 
above,  the  one  from  the  o?-base,  the  other  from  the  ?-base,  be  mixed 
together,  the  product,  after  i-ecrystallisation,  should  be  identical  with 
the  salt  prepared  by  the  combination  of  cZZ-methylhydrindamine  with 
the  original  or  (iZ-acid. 

The  latter  compound  had  been  superficially  examined  some  time 
before  the  acid  had  been  resolved  ;  it  was  obtained  as  an  oil  on  adding 
a  solution  of  c?Z-methylhydrindamine  hydrochloride  to  a  solution  of  the 
sodium  salt  of  the  (iZ-acid,  and  then  as  a  fine  white  powder  by  the 
spontaneous  evaporation  of  its  solution  in  aqueous  methyl  alcohol  or 
aqueous  acetone;  its  melting  point  had  been  recorded  as  about  160°, 
and  no  abnormal  behaviour  had  been  noted  in  making  the  ordinary  two 
or  three  melting-point  determinations. 

A  mixture  of  samples  of  the  two  salts  melting  at  about  205°  was 
made  by  merely  grinding  them  together  in  approximately  equal 
quantities ;  this  mixture  had  a  very  indefinite  melting  point,  ranging 
from  about  176°  to  182°.  Equal  quantities  of  the  two  salts  were 
therefore  dissolved  in  aqueous  methyl  alcohol  and  the  solution  allowed 
to  evaporate ;  it  deposited  a  fine  white  powder  which  when  dried  had 
a  most  irregular  melting  point,  readings  such  as  170°,  167°,  187°  being 
obtained  with  one  and  the  same  sample,  and  in  nearly  all  cases  these 
figures  were  only  approximations,  as  the  melting  ranged  over  several 
degrees. 

Now  it  is  obvious  that  unless  the  mixture  of  the  two  salts  melted  at 
the  same  temperature  (about  160°)  as  the  salt  of  the  fZZ-base,  the  two 
components  of  the  mixture  could  not  be  enantiomorphously  related,  as 
supposed  ;  the  test  was  in  fact  a  crucial  one,  and  the  observations  were 
therefore  continued.  It  was  ultimately  ascertained  that  the  irregular 
behaviour  of  the  mixture  was  caused  by  some  change  in  crystalline 
form  during  the  heating,  for  when  the  capillary  tubes  containing  the 
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mixture  were  plunged  into  the  bath  already  heated  at  160°,  the  sub- 
stance melted  immediately  and  completely  (at  least  ten  tubes  tried)  ; 
the  two  salts  melting  at  about  205°  did  not  show  this  behaviour  when 
heated  separately  (at  least  ten  tubes  tried). 

In  examining  the  (Z^metbylhydrindamine  salt  of  the  dl-Sicid,  prepared 
directly  by  precipitation,  this  particular  behaviour  had  not  been 
noticed,  but  clearly,  if  the  above  statements  are  true,  this  salt  must 
behave  exactly  like  the  crystallised  mixture  of  the  two  compounds 
melting  af  about  205°.  A  fresh  sample  of  the  salt  was  therefore  pre- 
pared from  the  cZ^-base  and  the  dl-a.cid  and  crystallised  from  aqueous 
methyl  alcohol ;  when  dried  it  sometimes  melted  at  about  160^,  but 
very  often  only  sintered  a  little  at  this  temperature  and  melted  com- 
pletely from  172°  to  176°;  when  suddenly  heated  at  160°,  however,  it 
liquefied  completely,  just  as  did  the  artificially  prepared  salt  of  the 
dl-a,cid. 

Assuming  that  the  above  experimental  data  are  correct,  and  that  the 
acid  has  really  been  resolved,  the  two  salts  melting  at  about  145° 
derived  from  the  d-  and  ^-bases  if  mixed  together  must  also  give  a 
product  identical  with  the  dl-sa.lt  of  the  cZ^-acid ;  experiment  confirmed 
this  deduction. 

Although  the  two  compounds  in  question  have  so  far  been  prepared 
on  a  test-tube  scale  only  and  very  superficially  examined,  it  was  found 
that  when  they  were  ground  together  in  approximately  equal  quantities 
they  gave  a  powder  which  melted  at  about  167°  when  heated  in  the 
ordinary  way,  but  at  160°  when  the  tube  was  plunged  into  the  bath  at 
this  temperature.  The  results  of  these  experiments  seem  to  prove 
conclusively  that)  in  spite  of  the  curious  combination  of  indications  to 
the  contrary  (p.  235),  the  c?/-acid  has  been  resolved  into  enantio-» 
morphously  related  components  ;  its  resolution  with  the  aid  of  Z-methyl- 
hydrindamine,  instead  of  the  c?-base,  has  been  accomplished  in  a  similar 
manner,  but  need  not  be  described  in  detail. 

The  following  summary  of  the  more  important  experiments  will 
perhaps  afford  the  clearest  view  of  the  results  : 

^A  +  ZB,  m.  p.  145° 


dZ- Acid  -f-  rf-base 


(ZZ-Acid-l-(Z/-base 


fZZ-Acid  +  Z-base 


d'B,dA,  m.  p.  205° 

dB,lA,  m.  p.  132—135° 
(impure) 


IB  J  A 


IB,IA,  m.  p.  205° 


'   Salt,  m.  p.  160°, 
obtained  from 

1.  dl- Acid +  dl-hase 

2.  dBdA  +  lBlA 

3.  dBlA-i-lBdA 


lA  +  dB,  m.fp.  145° 
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Tlie  Resolution  Products  are  Feebly  Optically  Active. 

So  many  salts  of  the  c?^-sulphobenzylethylpropylsilicyl  oxide  and 
an  even  larger  number  of  derivatives  of  benzylmethylethylpropyl- 
silicanesulphonic  acid  *  had  been  submitted  to  fractional  crystallisation 
without  obtaining  the  slightest  indication  of  a  resolution,  that  it  was 
at  first  difficult  to  believe  that  the  former  acid  had  yielded  finally 
when  in  combination  with  one  of  the  active  methylhydrindamines. 
This  disbelief  was  certainly  not  lessened  by  the  results  of  the  pre- 
liminary study  of  the  initial  resolution  products  {cl^dK,  dBlA)  or  by 
optical  examination  of  solutions  of  the  small  quantities  of  the  active 
sodium  salts  which  were  first  obtained,  distinctly  appreciable  rotations 
being  absent ;  it  seemed  advisable,  therefore,  to  establish  firmly 
the  enantiomorphous  relationship  of  the  two  acids  in  the  manner 
described  above,  rather  than  to  start  the  preparation  of  larger 
quantities  of  material  for  the  exact  determination  of  specific  rotations. 

For  these  reasons,  but  particularly  because  the  available  supplies  of 
the  active  methylhydrindamines  were  very  small,  the  optical  constants 
of  the  acids  have  not  yet  been  accurately  ascertained ;  that  the 
resolution  products  are  indeed  optically  active  is  proved  by  the  follow- 
ing experiments  : 

About  1'7  gram  of  the  sparingly  soluble  (i-m ethyl  by  drindamine  salt 
melting  at  about  196°  (and  therefore  not  free  from  isomeride)  was 
treated  with  excess  of  sodium  carbonate  and  the  organic  base  volatilised 
in  a  current  of  steam ;  when  the  escaping  vapours  ceased  to  show  an 
alkaline  reaction  (the  base  is  readily  volatile)  the  solution  was 
evaporated  until  it  had  a  volume  of  about  15  c.c.  This  solution  gave 
an  average  reading  a  +  0*52°,  so  that  under  these  conditions,  in  presence 
of  sodium  carbonate,  the  sodium  salt  of  the  acid  has  a  specific  rotation 
of  at  least  [ajj,  +  3'3^. 

About  1'7  gram  of  the  ^methylhydrindamine  salt  melting  at  about 
203°  and  practically  free  from  isomeride  was  treated  in  a  similar 
manner ;  the  solution  of  the  sodium  salt  showed  a  rotation  of  a  — 0*7°, 
which  corresponds  with  a  specific  rotation  of  about  [ajr,  -  4'5°. 

It  is  perhaps  scarcely  necessary  to  add  that  the  solutions  were  tested 
carefully  to  make  sure  that  the  activity  was  not  due  to  the  base.  As, 
however,  in  the  case  of  the  above  salts  the  activity  is  of  the  same  sign 
as  that  of  the  base,  one  other  experiment  may  be  mentioned  ;  a  small 
quantity  of  the  (impure)  c?-methylhydrindamine  salt  melting  at  about 
1 35°,  that  is  to  say,  the  cZB^A-salt  was  decomposed  in  a  similar  manner 
and  the  solution  of  the  sodium  salt  examined  ;  it  showed  a  small  but 
unmistakable  rotation  of  about  a  —  0  25°. 

*  These  compounds  will  be  described  in  a  later  paper. 
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The  above  value  for  the  specific  rotation  of  the  ^-acid  is  only  given 
as  an  approximation,  but  it  is  probably  not  far  from  the  true  one  ; 
larger  quantities  of  the  dl-a,cid  and  of  the  two  methylhydrindamines 
are  being  prepared,  and  it  is  hoped  that  a  more  complete  description  of 
the  properties  of  the  optically  active  acids  and  their  derivatives  may 
soon  follow  this  communication. 

In  the  earlier  part  of  this  work  the  author  received  help  from 
Mr.  A.  E.  Hunter,  to  whom  he  is  indebted  for  the  preparation  of 
material. 

The  Committee  of  the  Royal  Society,  having  placed  at  the  author's 
disposal  several  grants  from  the  Government  Fund,  has  thus  rendered 
assistance  for  which  the  author  desires  to  express  his  gratitude,  and 
without  which  the  present  results  could  not  have  been  obtained. 

University  College, 
Nottingham. 


XXIII. — Derivatives  of  Multivalent  Iodine.  Part  II. 
Action  of  Heat  on  i^-Iodoacetoj^henone  Dichloride, 
])-Iodoacetanilide  Dichloride,  and  on  the  Dichlorides 
derived  from  o-,  m-,  and  ^-lodotoluene. 

By  William  Caldwell  and  Emil  Alphonse  Werner. 

In  a  recent  communication,  one  of  us  has  shown  (Werner,  Trans,, 
1906,  89,  1632)  that  when  ^>iodoacetophenone  dichloride  is  gradually 
heated,  a  sudden  decomposition  takes  place  at  about  94°  accompanied 
by  the  evolution  of  much  hydrogen  chloride  and  a  relatively  small 
proportion  of  free  chlorine  ;  a  similar  phenomenon  was  also  observed 
in  the  case  of  jt)-iodoacetanilide  dichloride.  New  substituted  derivatives 
were  obtained,  which,  however,  were  only  superficially  examined  ;  both 
decompositions  have  now  been  submitted  to  a  detailed  investigation, 
the  results  of  which  are  recorded  in  the  present  paper. 

The  action  of  heat  on  iodochlorides  has  been  hitherto  generally 
considered  to  consist  in  the  expulsion  of  the  chlorine  with  regeneration 
of  the  original  iodo-compound. 

When  /(-iodoacetophenone  dichloride  is  slowly  heated  in  a  current 
of  air  to  a  temperature  not  exceeding  130°,  hydrogen  chloride  is 
abundantly  evolved,  whilst  only  0*426  per  cent,  of  chlorine  is  expelled 
in  the  free  state ;  from  the  alcoholic  solution  of  the  residue,  the  new 
compound  iM-chloro-'^-iodoacetophenone  is  readily  obtained  in  accordance 
with  the  equation  : 

CHg-CO-CeH.-ICl^  =  CHaCl-CO-CgHJ  +  HCl. 
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The  constitution  of  this  chloro-derivative  is  proved  by  the  formation 
of  ^-iodobenzoic  acid  in  almost  theoretical  amount  when  the  compound 
is  oxidised  by  chromic  acid  in  glacial  acetic  acid  solution. 

When  chlorine  is  passed  into  a  chloroform  solution  of  w-chloro-jt)- 
iodoacetophenone,  the  dichloride,  CHoCl'CO'C^H^'IClg,  is  gradually 
formed,  and  when  this  compound  is  slowly  heated,  hydrogen  chloride 
and  much  free  chlorine  are  evolved,  the  latter  amounting  to  7r65  per 
cent,  of  the  theoretical  in  accordance  with  the  equation  : 

CH^Cl-CO-C^H^-IOl^  =  CHgCl-CO-CgHJ  +  Cl^, 
the   remainder  of  the  compound    being    decomposed,   with  formation 
of  the  substitution  derivative  w-dichloro-p-iodoacetophenone, 

CHCl^-CO-C^HJ. 
This   was  isolated  by  fractional  crystallisation    of    the    residue    first 
from  alcohol,  and  subsequently  from  chloroform,  in  which  it  is  much 
more  soluble  than  the  monochlorinated  derivative. 

On  oxidation  with  chromic  acid,  it  yields,  like  the  parent  substance, 
only  ^-iodobenzoic  acid,  proving  that  the  hydrogen  of  tlie  CH2CI  group 
has  been  further  replaced  by  chlorine. 

When  chlorine  is  passed  into  a  chlorofoi-m  solution  of  w-dichloro- 
/)-iodoacetophenone,  the  dichloride,  CIICl2*00*CgH^'ICl2>  quickly  separ- 
ates in  pale  yellow,  glistening  spangles ;  this  compound,  when  heated, 
evolves  chlorine,  and  probably  some  hydrogen  chloride,  but  it  has  not 
yet  been  obtained  in  sufficient  quantity  to  examine  its  decomposition 
products  in  detail. 

The  preparation  of  jo-iodoacetanilide  dichloride  has  already  been 
described  (Werner,  loc.  cit.).  When  this  compound  is  slowly  heated 
in  a  current  of  air,  it  undergoes  sudden  decomposition  at  about  105° 
with  abundant  evolution  of  hydrogen  chloride,  whilst  the  amount 
of  free  chlorine  evolved  is  only  I'll  per  cent.  The  main  result  of  the 
decomposition  is  the  formation  of  chloro-^-iodoacetanilide, 

(NHAc:I:Cl  =  l  :  4  :  2  or  3), 
which  is  produced  to  the  extent  of  94 — 95  per  cent,  of  the  theoretical 
in  accordance  with  the  equation  : 

CHgCO-NH-CgH^-lClg  =  CHg-CO-NH-CgHglCl  +  HCl. 

That  the  chlorine  in  this  case  has  substituted  hydrogen  in  the 
benzene  nucleus  only  was  proved  by  saponification  of  the  anilide  by 
heating  with  potassium  hydroxide  in  methyl  alcoholic  solution  to  130°, 
when  it  was  quantitatively  decomposed  in  accordance  with  the  equation  : 

CHg-CO-NH-CeHglCl  +  KOH  =  OH3-C02K  +  CgHglCl-NHg. 
None  of  the  chlorine  was  removed  by  the  action  of  the  alkali. 

The  chloroiodoaniline  was  precipitated  as  a  white  powder  by  pouring 
the  product  into  water. 

We  have  not  yet  ascertained  the  exact  position   of  the  chlorine  in 
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the  chloroiodoaniline  or  its  acetyl  dei'ivative  ;  unless  some  change  has 
taken  place  in  the  relative  positions  of  the  iodine  and  the  acetyl- 
amino-group  in  the  ^-iodoacetanilide  during  the  progress  of  the 
reactions,  it  is  obvious  that  the  chlorine  must  be  limited  to  the 
position  2  or  3  in  the  benzene  nucleus.  We  hope  to  investigate  this 
point  in  the  near  future. 

"When  chlorine  is  passed  into  a  chloroform  solution  of  chloro-/>-iodo- 
acetanilide,  there  is  no  separation  of  iodine,  and  the  dichloride, 

CHg-CO-NH-CeHgCMCl^, 
quickly  separates  in  slender,  bright  yellow,  glistening  needles.  This 
compound  decomposes  at  131°,  evolving  hydrogen  chloride  and  free 
chlorine,  the  proportion  of  the  latter  amounting  to  10*22  per  cent.  ; 
this  corresponds  to  a  decomposition  amounting  to  slightly  over  50  per 
cent,  of  the  theoretical,  for  the  loss  of  two  atoms  of  chlorine.  The 
decomposition  may  be  represented  thus  : 

_^  Ctlg-CO-NH-CgHgClI   +   CI2 


CHg-CO-NH-CgHgCMCIg  Amounting  to  52  per  cent. 


^^  CgHpNCl,   +   HCl 

Substitution  product  amounting 
to  48  per  cent. 

The  composition  of  the  substitution  product  formed  has  not  yet 
been  determined,  want  of  material  having  prevented  us  from  obtaining 
it  so  far  in  a  state  of  purity,  but  a  qualitative  examination  of  a 
product  melting  at  about  137°,  and  which  contained  some  of  the 
chloro-;;-iodoacetanilide,  gave  evidence  that  the  chlorine  had  in  all 
probability  effected  a  further  substitution  of  hydrogen  in  the  benzene 
nucleus. 

The  results  obtained  up  to  the  present  have  I'evealed  a  very  sharp 
difference  in  the  decomposition  of  an  aromatic  iodochloride,  according 
to  the  nature  of  the  side  chain  present ;  thus  when  the  group  CO'CHg 
is  present  the  substitution  of  hydrogen  by  chlorine  takes  place  in  the 
methyl  group  of  the  chain  only,  whilst  with  the  acetylamino-group, 
NH-CO'CHg,  present,  the  substitution  takes  place  in  the  benzene 
nucleus.  We  hope  to  make  further  experiments  in  order  to  test  how 
far  this  substitution  may  be  carried  by  the  aid  of  the  iodochlorides. 

In  view  of  the  results  just  recorded,  we  have  been  led  to  examine  the 
action  of  heat  on  the  dichlorides  derived  from  the  three  isomeric  iodo- 
toluenes.  These  compounds  have  already  been  prepared  by  Willgerodt 
{Ber.,  1893,  26,  358;  Willgerodt  and  TJmbach,  Annalen,  1903,  327, 
269),  but  little  attention  has  been  paid  to  the  action  of  heat  on  them, 
a  mere  record  being  given  of  .the  temperature  at  which  the  chlorides 
decompose,  without  any  reference  to  the  nature  of  the  change.  Thus 
o-tolyliodochloride    is    stated  to  decompose  at  about  91°,  the  m-tolyl 
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compound  at  104°,  and  the  ^9-tolyl  compound  at  about  85°,  exploding 
at  100—118°. 

We  have  made  careful  experiments  on  the  action  of  heat  on  the 
three  iodochlorides  with  the  following  results  : 


First 

Sudden  decom- 

Percentage 

Percentage 

traces  of 

position  (C1  + 

of  free 

of  theoretical 

CI  evolved. 

:  iCl  evolved). 

CI  evolved. 

for  CI2. 

o-CHj-CfiH/ICls     .. 

66° 

85—86° 

4-07 

16-5 

m-CHs-CgH^-lCla    .. 

70 

88 

1-75 

7-11 

^-CH3-CsH4-ICl2     .. 

92 

110 

3-21 

13-0:3 

It  is  readily  seen  from  the  numbers  in  the  last  column,  which 
represent  the  percentage  decomposition  in  accordance  with  the 
equation  : 

CHa-CgH.-IClo  =  CHg-CoHJ  +  Clg, 
that  the  main  change  in  all  three  cases  is  that  resulting  in  the  for- 
mation of  substitution  products,  in  which  we  have  recognised  the 
presence  of  isomeric  iodochlorides  ;  the  constitution  of  these  is  under 
investigation,  and  a  full  account  of  them  is  reserved  for  a  separate 
communication. 

So  far,  from  o-tolyliodochloride  we  have  obtained  o-iodobenzyl 
chloride,  the  constitution  of  which  was  proved  by  oxidation  to  o-iodo- 
benzoic  acid  by  boiling  with  nitric  acid,  a  small  quantity  of  o-iodoso- 
benzoic  acid  being  produced  at  the  same  time.  From  w-tolyliodo- 
chloride,  a  chloroiodo-derivative  has  been  prepared,  which  on  oxidation 
with  chromic  acid  in  glacial  acetic  acid  solution  gives  an  acid  melting 
at  210°  and  containing  both  chlorine  and  iodine.  This  is  probably 
identical  with  the  2-chloro-3-iodobenzoic  acid  described  by  Smith  and 
Knerr  {Amer.  C'hem.  J.,  1886,  8,  95)  melting  at  the  same  temperature. 

From  j(?-tolyliodochloride,  j9-iodobenzyl  chloride  has  been  obtained, 
the  constitution  being  proved  by  the  production  of  ;>iodobenzoic  acid 
on  oxidation. 

By  the  distillation  of  these  products,  we  have  separated  at  least  one 
other  substitution  derivative  in  the  case  of  ^the  0-  and  ^j-compounds  ; 
the  m-derivative  appears  to  consist  of  only  one  compound. 

Although  the  investigation  of  the  three  iodotoluene  dichlorides  is  as 
yet  far  from  complete,  the  results  obtained  up  to  this  stage  seem  to 
show  that  in  the  case  of  0-  and  ^;-compounds  the  substitution  of 
hydrogen  by  chlorine  takes  place  chiefly  in  the  side  chain,  whilst  in 
the  case  of  the  ?rt-compound  the  chlorine  enters  the  benzene  nucleus. 
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Experimental. 
Action  of  Ileal  on  ^-lodoacelophenone  Dichloride,  CHg'CO'CgH^'IClg. 

The  following  method  was  generally  adopted  to  determine  the 
amount  of  free  chlorine  evolved.  Two  grams  of  the  dichloride  were 
slowly  heated  in  a  slow  current  of  air,  the  evolved  gases  being  drawn 
over  water,  and  then  through  a  wash  bottle  containing  potassium 
iodide  solution.  This  is  necessary  in  order  to  prevent  the  hydrogen 
chloride  from  passing  into  the  potassium  iodide  solution ;  otherwise 
too  high  a  result  is  obtained.  The  free  chlorine  was  estimated  in 
each  vessel. 

Chlorine  evolved  =  0-00852  =  0426  per  cent., 
corresponding  to  only  1'9  per  cent,  of  the  theoretical  decomposition 
for  the  loss  of  2  atoms   of  chlorine ;  therefore   98    per  cent,   of  the 
decomposition  takes  place  with  the  formation  of  a  substitution  product. 

Sixty  grams  were  decomposed  by  heat,  and  the  residue  was  purified 
by  crystallisation  from  alcohol.  Forty -two  grams  of  the  new  com- 
pound were  obtained  in  long,  slender,  almost  colourless  prisms  melting 
at  126—127°. 

0-2505  gave  0-3401  Agl  +  AgCh     01=12-72  j  1  =  45-55. 
CgH^jOClI  requires  CI  =  12-65  ;  1  =  4527  per  cent. 

In  order  to  prove  the  constitution  of  the  compound,  7  grams  were 
oxidised  by  boiling  with  the  required  amount  of  chromic  acid  in  glacial 
acetic  acid  solution  until  carbon  dioxide  ceased  to  be  evolved.  On 
pouring  the  liquid  into  cold  water  6-5  grams  of  a  white,  amorphous 
precipitate  were  obtained,  which  on  crystallisation  from  alcohol  yielded 
nacreous  plates  melting  at  266°,  the  melting  point  of  piodobenzoic 
acid. 

0-2191  gave  0-2102  Agl.     1  =  51-82. 

CyHgOgI  requires  I  =  51"20  per  cent. 

When  the  original  substance  was  heated  with  an  alcoholic  solution 
of  sodium  hydroxide,  sodium  chloride  only  was  formed.  The  compound 
is  therefore  oi-chloro-^-iodoacetophenone,  CH2Cl'C0*CgH^I,  formed  in 
accordance  with  the  equation  : 

CHg-CO-CgH^'ICl^  =  CH2Cl-C0-CgHJ  +  HCI. 

It  is  soluble  in  chloroform,  benzene,  or  glacial  acetic  acid,  but 
almost  insoluble  in  water  or  dilute  alkaline  solutions. 

Action  of  Chlorine  on  (li-Chloro-'^iodoacetophenone,  CHgCl'CO'CgH^I. 

Ten  grams  of  w-chloro-p-iodoacetophenone  were  dissolved  in  150  cm. 
of  chloroform ;  this  gives  a  saturated  solution  at  the  ordinary  tempera- 
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ture.  When  chlorine  was  passed  into  the  solution  no  liberation  of 
iodine  took  place,  and  after  twenty  minutes  the  dichloride  separated 
in  bright  yellow,  minute  octahedra. 

The  product,  amounting  to  10 '5  grams,  was  washed  with  chloroform 
and  dried  in  the  air. 

0*5  gave  with  potassium  iodide  solution  0*1019  I.     Cl=  20'38. 
CgHeOClgl  requires  CI -20-19  per  cent. 

Two  grams  of  the  dichloride  were  heated  slowly,  using  the  method 
and  precautions  already  described.  Evolution  of  chlorine  commenced 
at  73°,  and  at  128 — 130°  there  was  sudden  decomposition  with  evolu- 
tion of  chlorine  and  hydrogen  chloride. 

CI  evolved,  02813  =  14*46  per  cent.,  which  corresponds  to  a  decom- 
position amounting  to  71  "65  per  cent,  of  the  theoi'etical,  in  accordance 
with  the  equation  :  CHgCl-CO-CgH^-IClg  =  CH^Cl-CO-C^H^I  +  Clg. 

The  decomposition  is  evidently  accompanied  by  the  formation  of 
a  substitution  product.  This  was  isolated  in  the  following  manner. 
The  residue  from  the  decomposition  of  20  grams  of  the  dichloride  was 
dissolved  in  chloroform.  The  first  crop  of  crystals  which  separated 
melted  at  124 — 125°,  and  after  recrystallisation  proved  to  be  the 
original  w-chloro-p-iodoacetophenone  : 

0-1848  gave  0-0923  AgCl.     CI  =  12-35. 

CgHgOClI  requires  CI  =  12-65  per  cent. 

The  chloroform  mother  liquor  was  evaporated  to  dryness  and  the 
residue  twice  recrystallised  from  alcohol.  Slender,  satiny  plates  were 
obtained  melting  at  62 — 63°,  and  on  analysis  : 

0-1671  gave  0-2737  AgCl -H  Agl,  calculated  for  ratio  2 AgCl  +  Agl. 
AgCl  =  0-15045;  CI  =  22-26;  Agl -0-12325;  1  =  39-85. 

CsH.OCIgl  requires  Cl  =  22-53  ;  1  =  4031  per  cent. 

This  compound  is  readily  soluble  in  chloroform  or  benzene,  from 
which  it  separates  in  thin  plates.  Five  grams  were  oxidised  by 
chromic  acid  mixture,  the  product  poured  into  water,  and  the  pre- 
cipitate crystallised  from  alcohol,  when  nacreous  plates  of  j>iodobenzoic 
acid  separated.  This  was  the  only  substance  obtained,  proving  that 
the  chlorine  had  again  substituted  hydrogen  in  the  CHgCl  group. 

(ji-Dichloro-'p-iodoacetophenone  also  combines  with  chlorine,  giving  a 
dichloro-addition  compound  which  separates  from  chloroform  in  pale 
yellow,  glistening  spangles.  These  decompose  on  heating,  most  of  the 
chlorine  being  evolved  in  the  free  state. 

0-17  gave,  on  trituration  with  potassium  iodide,  0-03142  CI.  Cl  = 
18-48. 

CgH^OCIJ  requires  CI  =  18*39  per  cent. 
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This  compound  has  not  yet  been  produced  in  sufficient  quantity  to 
examine  its  decomposition  products. 

Action  of  Heat  on  ^-iodoacetanilide  Bichloride,  CHg'CO'NH'CgH^'IClg. 

Two  grams  of  the  dichloride  were  heated  slowly  in  the  manner 
already  described  : 

CI  evolved  =  0-022365  =  1-11  per  cent., 

corresponding  to  only  5*2  per  cent,  of  the  theoretical ;  hence  more  than 
94  per  cent,  of  the  decomposition  is  due  to  the  formation  of  a  substitution 
product.  The  residue  from  the  action  of  heat  on  20  gi'ams  of  the  di- 
chloride was  dissolved  in  hot  alcohol,  and  on  cooling  slender,  feathery 
needles  separated,  which  were  purified  by  further  crystallisation.  The 
compound  separates  from  alcohol  at  first  in  needles,  but  after  a  few  hours 
these  change  to  small,  hard,  brilliant,  four-sided  prisms.  The  change  is 
a  physical  one,  inasmuch  as  both  forms  of  crystals  melt  sharply  at 
144°. 

0-6311  gave  268  c.c.  nitrogen  at  9°  and  7543  mm.     N  =  5-06. 

0-2124  „  0-272  Agl  +  AgCl.  AgCl  =  0-10309  ;  Cl  =  12-0  ;  Agl  = 
0-16891;  1  =  42-96. 

CsH-ONClI  requires  N  =  4-73  ;  Cl=1201  ;  1  =  42-97  per  cent. 

To  determine  the  constitution  of  this  substance  6  grams  dissolved  in 
methyl  alcohol  were  heated  in  a  sealed  tube  to  130°  for  two  hours  with 
1-2  grams  of  potassium  hydroxide  dissolved  in  the  minimum  amount 
of  water.  The  contents  of  the  tube  were  poured  into  water,  and  the 
microcrystalline  precipitate  collected.  The  filtrate,  which  was  neutral, 
contained  potassium  acetate,  and  was  quite  free  from  any  halogen. 
The  product  of  saponification,  which  was  found  to  contain  both  chlorine 
and  iodine,  had  all  the  properties  of  a  base.  It  was  obtained  in  crystals 
from  alcoholic  solution,  and  on  analysis  gave  the  following  results  : 

0-2012  gave  0-2985  (AgCl  +  AgI).  AgCl  =  011315  ;  01  =  13-91; 
Agl  =  0-1851  ;  1  =  49  77. 

OgHsNClI  requires  CI  =  14-0  ;  1  =  50-09  per  cent. 

Chloro-'^iodoaniline  crystallises  from  alcohol  in  clear,  stout,  strongly- 
refracting  prisms  melting  at  73°.  It  readily  forms  a  picrate, 
C^;H3ClI-NIl2,CgHo(K02)3*OH,  which  crystallises  from  aqueous  solu- 
tion in  long,  slender  needles  melting  to  a  dark  red  liquid  at  132°  : 

01974  gave  18-2  c.c.  nitrogen  at  10°  and  758-5  mm.     N  =  1M. 
CiaHgOyN^ClI  requires  N  =  11-398  per  cent. 

The  hydrochloride,  C^HglCl'JS'H^jHCl,  is  precipitated  on  adding 
hydrochloric  acid  to  an  alcoholic  solution  of  the  base. 

The  thiocarbamide,  CgH^'NH'CS'NH-CgHgClI,  is  readily  formed  by 
warming  the  base  with  phenylthiocarbimide  in  alcoholic  solution ;  it 
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crystallises  in  slender,  silky  needles,  which  melt  at  159°,  and  unlike 
most  benzenoid  thiocarbamides,  it  is  only  very  slowly  desulphurised  on 
warming  with  an  alkaline  solution  of  lead. 

Action  of  Chlorine  on  Chloro-p-iodoacetanilide. 

On  passing  chlorine  into  a  cold  saturated  chloroform  solution  of 
chloro-j9-iodoacetanilide,  there  was  no  liberation  of  iodine,  and  the 
dichloride  soon  separated  in  slender,  silky,  bright  yellow  needles. 
These  wei'e  washed  with  chloroform  and  dried  in  the  air. 

0*3014  gave,  on  trituration  with  solution  of  potassium  iodide, 
0-05822  01  =  19-31. 

OgHyONClgl  requires  01  =  19-37  per  cent. 

The  compound,  when  heated  with  the  same  precautions  as  adopted  in 
previous  experiments,  decomposed  at  131°  with  evolution  of  chlorine 
and  hydrogen  chloride  : 

1  gram  gave  0-10224  01=  10-22  per  cent. 

This  corresponds  to  a  decomposition  amounting  to  only  52*76  per  cent, 
of  the  theoretical  in  accordance  with  the  equation  : 

OH3-00-NH-06H30M012  =  OHg-OO-NH-OeHgOlI  +  Olg. 

The  remainder  of  the  change  is  due  to  the  production  of  a  substitu- 
tion derivative  which,  so  far,  has  only  been  obtained  in  a  partly  pure 
state. 

Action  of  Heat  on  the  Chlorides  of  o-,  m-,  and  p  lodotoluene. 

These  compounds  have  been  already  prepared  by  Willgerodt  (loc.  cit.). 
In  the  case  of  oi-iodotoluene,  Willgerodt  and  Umbach  prepared  the  di- 
chloride in  petroleum  solution,  no  particular  reason  being  given  for  the 
use  of  this  solvent.  They  describe  the  compound  as  being  slowly 
changed  to  a  fuming  liquid.  We  have  experienced  no  difficulty  in  pre- 
paring it  by  passing  chlorine  through  a  solution  of  ?n-iodotoluene  in 
chloroform,  from  which  solvent  the  dichloride  separated  readily  in  a 
dense,  crystalline  form,  hexagonal  prisms  predominating.  The  yield  of 
the  compound  was  very  good  when  prepared  in  this  way. 

In  the  preparation  of  these  iodochlorides  generally  we  have  found 
that  a  much  more  stable  product  is  always  obtained  when  a  pure  iodo- 
derivative  is  used.  In  some  cases,  when  the  iodo-compounds  are  not 
quite  pure,  a  sudden,  spontaneous  decomposition  of  the  dichloride  may 
take  place  while  suspended  in  the  chloroform.  This  occui-red  in  one  or 
two  instances.  We  have  not  known  it  to  happen  when  the  iodo- 
derivative  used  was  quite  free  from  impurity. 

p- lodotoluene  Dichloride. — Two  grams  were  heated  in  the  manner 
already  described.     The  first  traces  of  chlorine  were  evolved  at  92°. 
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At  110°  there  was  sudden  decomposition  with  the  evolution  of  chlorine 
and  hydrogen  chloride. 

CI  evolved  =  0-064255  =  3-21  per  cent. 

This  corresponds  to  only  13-07  per  cent,  of  the  theoretical  decom- 
position for  the  loss  of  two  atoms  of  chlorine  ;  87  per  cent,  therefore 
of  the  decomposition  takes  place  in  the  formation  of  a  substitution 
product, 

y>Iodotoluene  dichloride  gradually  decomposes  on  exposure  to  the 
air,  and  somewhat  more  rapidly  when  placed  in  a  desiccator  over 
sulphuric  acid,  hydrogen  chloride  only  being  evolved. 

A  sample  which  had  been  exposed  to  the  air  for  four  days  gave 
CI  =  22-2. 

CyHwClgl  requires  CI  =  24-56  per  cent. 

Some  of  the  same  sample  after  remaining  four  days  over  sulphuric 
acid  gave  CI  =  20-30. 

One  hundred  and  fifty  grams  of  the  dichloride  were  decomposed  by 
heat.  The  resulting  product,  which  was  coloured  by  free  iodine,  was 
shaken  with  sulphurous  acid  solution  and  distilled  in  steam.  A  heavy, 
yellow  liquid  was  obtained  which  was  dried  and  analysed  without  any 
further  purification  : 

0-2852  gave  0-4086  (AgCl  +  AgI).     CI  =13-43;  1  =  48-08. 
CyHgClI  requires  CI  =  14-06  ;  1  =  5020  per  cent. 

In  order  to  determine  the  constitution  10  grams  were  oxidised  by 
chromic  acid  in  acetic  acid  solution.  The  oxidation  product  was  poured 
into  water,  and  on  crystallisation  from  aqueous  alcohol,  separated  in 
nacreous  plates  melting  at  264 — 265°.  (ja-Iodobenzoic  acid  melts 
at  266°) 

0-2172  gave  0-10668  I.     1  =  49-11. 

C7H5O2I  requires  1  =  51-2  per  cent. 

The  presence  of  the  chlorine  in  the  side  chain  was  confirmed  by  boil- 
ing the  compound  with  sodium  hydroxide  in  alcoholic  solution.  Chlorine 
only  was  removed  by  the  alkali.  The  compound  is  therefore  ^-iodo- 
benzyl  chloride,  C^H^I-CHoCl. 

This  unites  with  chlorine  in  chloroform  solution  to  form  a  dichloride 
which  separates  in  slender  pale-yellow  needles. 

0-5  gave  0-11395  CI  =  22-79. 

C^H^-Clgl  requires  CI  =  21-94  per  cent. 

Two  grams  heated  in  the  usual  manner  evolved  chlorine  at  50 — 53°. 
At  94 — 95°  sudden  decomposition  took  place  accompanied  with  brisk 
effervescence,  hydrogen  chloride  and  free  chlorine  being  evolved. 

CI  evolved  =  0068  =  3-4  per  cent., 
corresponding  to   15-5  per  cent,  decomposition  for  the  loss  of  2  atoms 
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of  chlorine  ;  hence  84o  per  cent,  of  the  decomposition  is  accompanied 
by  the  formation  of  a  substitution  product. 

o-Iodotoluene  Bichloride. — Two  grams  of  the  compound  were  heated 
as  already  described.  The  evolution  of  the  first  trace  of  chlorine 
began  at  66°.  At  85 — 86°  there  was  sudden  decomposition  with 
evolution  of  chlorine  and  hydrogen  chloride. 

CI  evolved  =  0-814725  =  4-07  per  cent,, 
corresponding  to  only  16  "5  per  cent,  of  the  decomposition  for  the  loss 
of  2  atoms  of  chlorine  ;  therefore  83 "5  per  cent,  of  the  decomposition 
takes  place  with  formation  of  a  substitution  proiluct. 

The  product  is  a  heavy  oily  liquid  and  contains  both  iodine  and 
chlorine,  but  has  not  yet  been  quantitatively  analysed.  To  determine 
the  constitution,  5  grams  of  the  oil  were  oxidised  by  boiling  with  nitric 
acid  diluted  with  an  equ  tl  volume  of  water.  The  product  was  purified 
by  dissolving  in  boiling  water  and  crystallising  from  aqueous  alcohol, 
from  which  it  separated  in  silky  needles  melting  at  156°  (o-iodobenzoic 
acid  melts  at  157°). 

0-4355  gave  0-2015  Agl.     1  =  49-98. 

r^HgOgl  requires  I  =  51*2  percent. 

The  mother  liquor,  which  gave  a  yellow  colour  with  sodium  carbonate 
solution,  contained  a  small  quantity  of  a  substance  melting  at  244°  and 
having  all  the  properties  of  o-iodosobenzoic  acid. 

The  original  liquid  therefore  consists  chiefly  of  o-iodobenzyl 
chloride. 

m-Iodotoluene  Dichlo7'ide. — Two  grams  were  heated  as  in  the  former 
cases.  The  first  traces  of  chlorine  were  evolved  at  70°,  at  88°  decom- 
position set  in  with  brisk  effervescence. 

CI  evolved  =0-03493  =  1-746  per  cent., 
corresponding  to  only  7-11  percent,  of  the  theoretical  decomposition 
for  the  loss  of  two  atoms  of  chlorine.  Ninty-two  per  cent,  of  the 
decomposition,  therefoi-e,  results  in  the  formation  of  a  substitution 
product.  This  was  obtained  as  a  heavy  pale  yellow  liquid  which  after 
partial  purification  gave  on  analysis  the  following  results  : 

0-475  gave  0-6658  AgCl  + Agl.     CI  =  13-2  j  1  =  47-3. 

C^HgClI  requires  CI  =  14-06  ;  1  =  50-29  per  cent. 

This  compound  on  oxidation  yields  an  acid,  melting  at  210°,  con- 
taining chlorine  and  iodine,  and  appears  therefore  to  be  2-chloro-3- 
iodobenzoic  acid. 

University  Chemical  Laboratory, 
Trinity  College,  Dublin. 


VOL.    XC] 


250  FLEISCHMANN  :   THE   CONDENSATION 

XXIV. — The  Condensation  Products  of  Triacetic  Lactone 

with  Acetoacetic  Ester  and  ^-Aminocrotonic  Ester. 

Frederick  Noel  Ashcroft  Fleischmann,  M.A.  Oxon, 

Although  many  members  of  the  y-pyrone  series  have  long  been  known, 
no  substance  has  hitherto  been  obtained  containing  two  adjacent 
y-pyrone  rings.  The  possibility  of  such  a  substance  being  pioduced 
by  the  condensation  of  triacetic  lactone  with  suitable  reagents  and  the 
hope  that  its  properties  would  throw  some  light  on  the  constitution  of 
the  y-pyrone  nucleus  led  to  this  research. 

With  this  object  in  view  the  reactions  of  triacetic  lactone  with  ethyl 
acetoacetate  and  with  /3-aniinocrotonic  ester  in  presence  of  condensing 
agents  were  investigated. 

The  reaction  between  ethyl  acetoacetate  and  triacetic  lactone  was 
examined  first.  Theoretically  two  different  compounds  might  be 
formed  by  the  complete  condensation  of  the  substances  with  the 
elimination  of  water  and  alcohol,  (1)  a  yy-dipyrone,  (2)  a  y-pyrone- 
lactone. 


CMe-0-0— OK    HO— CMe  CMe-0-C-O-CMe 

;i)  II       II ::::::  ■  ii       -^    ii       ii     ii 

UH-CO-0:H     OEti-CO-CH  CH-CO-0-CO-CH 


CMe-O-C— OH    OEt:— CO  CMe-O-C— 0— CO 

(2)  11       II :::: i       -^     ii        i       |-  • 

CH-CO-CH     HO-CMeX'H  CH-CO-C-CMelCH 

One  compound,  however,  only  was  formed  which  from  the  reactions 
of  onex)f  its  derivatives  was  proved  to  be  the  pyrone  lactone  and  not 
the  dipyrone. 

A  completely  analogous  reaction  takes  place  between  triacetic 
lactone  and  ethyl  /3-aminocrotonate.  In  this  case,  if  the  condensation 
is  complete,  the  production  of  a  yy-dipyrone  or  of  a  pyi'one  lactone 
with  the  elimination  of  ammonia  and  alcohol  is  possible,  as  is  also  the 
foi-mation  of  a  substance  containing  nitrogen  in  the  second  ring,  with 
the  elimination  of  water  and  alcohol. 

CMe-O-C-O-CMe        CMe'O-C— 0~C0         CMe-0-C-NH-CMe 
II  II  II         or  1 1  M  I       or   1 1  II  II 

CH-CO-C-CO-CH  CH-CO-C-CM    CH        CH-CO-C-CO-CH  " 

On  investigating  the  condensation,  two  substances  were  isolated, 
namely,  the  same  substance  as  was  formed  when  triacetic  lactone  and 
ethyl  acetoacetate  interact,  and  a  substance  containing  nitrogen  which, 
from  its  reactions,  was  shown  to  be  a  condensation  product  of  two 
molecules  of  /8-aminocrotonic  ester  with  one  of  the  lactone. 
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Experimental. 

Condensation  of  Ih'iacetic  Lactone  and  Acetoacetic  E»ter. 

The  best  condensing  agent  was  found  to  be  hydrogen  chloride,  the 
yield  being  nearly  twice  as  much  as  when  concentrated  svilphuric  acid 
was  used,  and  sevei'al  times  greater  than  in  the  cases  of  acetic 
anhydride  and  piperidine. 

Thirty  gi'ams  of  triacetic  lactone  and  60  grams  of  ethyl  acetoacetate 
(theory  30"9)  were  dissolved  in  300  c.c.  of  dry  absolute  alcohol,  and 
the  solution  slowly  saturated  in  the  cold  with  dry  hydrogen  chloride. 
After  standing  for  twenty-four  hours  the  flask  was'  filled  with  a  fine 
mass  of  feathery  crystals,  which  after  being  separated,  washed  with  a 
little  alcohol,  and  diied  in  a  vacuum,  weighed  10*6  grams.  A  further 
quantity  was  deposited  by  the  filtrate  on  standing,  the  total  yield  after 
the  solution  had  stood  fox  fourteen  days  being  20 "8  grams,  or 
44'3  per  cent,  of  the  theoretical  quantity.  The  product  was  colovu-less 
and  almost  pure. 

For  analysis  the  substance  was  twice  recrystallised  from  benzene  ; 
it  then  melted  at  213 — 214°  with  decomposition. 

0-1941  gave  0-4431  OOg  and  00754  HgO.     0  =  62-24;  H  =  4-31. 
CjoHgO^  requires  C  =  62-50  ;  H  =  4-16  per  cent. 

The  substance  is  readily  soluble  in  chloroform  or  hot  glacial  acetic 
acid,  moderately  so  in  hot  benzene  or  ethyl  acetate,  sparingly  so  in  hot 
alcohol  or  ether,  and  insoluble  in  water  or  light  petroleum. 

Reactions  of  the  Substance  CjQHgO^. 

The  condensation  product  obtained  in  this  way  is  extremely  stable 
towards  acids,  with  which,  unlike  dimethylpyrone,  it  forms  no  salts. 
It  can  be  heated  to  a  high  temperature  with  strong  sulphuric  acid, 
forming  a  markedly  blue  fluorescent  solution,*  from  which  it  can  be 
recovered  unchanged.  In  glacial  phosphoric  acid  the  fluorescence  is 
but  slight.  The  substance  is  not  altered  when  boiled  with  a  mixture 
of  phosphorus  tri-  and  penta-chlorides,  and  does  not  form  an  oxime  or 
a  hydrazone.  On  the  other  hand,  it  yields  crystalline  nitro-  and 
monobromo-derivatives. 

When  heated  with  phosphorus  and  hydriodic  acid  in  a  sealed  tube  it 

/O— CO 

*"  This  fluorescence  is  similar  to  that  given  by  umbelliferone,  H0'C,;H3\  |    , 

\CH:CH 
in  strong  sulphuric  acid.  The  substance  was  subsequently  proved  to  be  of  a  similar 
type  to  that  compound. 

s  2 
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is  entirely  destroyed.  With  ferric  chloride  in  alcoholic  solution  it  gives 
a  deep  brown  colour. 

Reactions  with  Alkalis. — The  behaviour  of  the  substance  towards 
alkalis  is  remarkable  ;  definite  salts,  however,  could  not  in  all  cases  be 
prepared. 

The  substance  dissolves  in  dilute  sodium  hydroxide  forming'  a  deep 
yellow  solution  ;  if  the  excess  of  alkali  is  considerable  and  the  solution 
is  boiled  for  a  few  minutes,  it  assumes  a  pale  straw  colour,  and  at  the 
same  time  tnuch  decomposition  takes  place.  Both  solutions,  however, 
yield  the  original  substance  on  acidification. 

With  ammonia  a  deep  yellow  solution  is  likewise  formed  ;  if,  how- 
ever, the  solution  is  evaporatfd  on  the  water-bath  the  original  sub- 
stance begins  to  separate  as  soon  as  the  excess  of  ammonia  is  re- 
moved. 

An  attempt  to  prepare  a  barium  salt  yielded  rather  better  results, 
although  owing  to  the  instablity  of  the  salt  a  pure  substance  was  not 
obtained.  About  5  grams  of  the  substance  were  boiled  with  a  large 
excess  of  barium  hydroxide  until  the  deep  yellow  solution  first  formed 
had  assumed  a  pale  straw  colour.  In  the  process  a  considerable 
quantity  of  carbonate  was  produced  owing  to  decomposition.  The  excess 
of  barium  was  removed  by  means  of  a  stre.im  of  carbon  dioxide  and 
the  solution  filtered.  The  mother  liquor  was  then  evaporated  to  a 
syrup  under  reduced  pressure  and  the  syrup  quickly  filtered  (to  remove 
carbonate  formed  during  the  distillation)  into  a  large  volume  of  alcohol. 
An  extremely  hygroscof>ic  white  precipitate  was  obtained  which  was 
purified  by  solution  in  the  smallest  quantity  of  water  possible  and  re- 
precipitation  with  alcohol.  This  was  repeated  sevetal  times,  and  the 
substance  was  finally  dried  in  a  vacuum. 

Found  (mean  of  two  analyses)  Ba  =  37'l. 

CjoHgOjBa(OH).^  requires  Ba  =  37'7  per  cent. 

The  barium  salt  decomposed  on  heating  and  on  keeping.  Ou  acidi- 
fication it  yielded  the  original  substance.  A  solution  gave,  on  addition 
of  a  mei'curic  salt,  an  insoluble  yellow  mercuric  salt  ]  on  addition  of  a 
mercurous  silt  the  latter  was  educed.  With  silver  nitrate  a  colour- 
less ini-oluble  salt  was  formed,  which,  however,  was  at  once  reduced  on 
heating,  giving  a  remarkably  good  silver  mirror. 

In  these  reactions  it  is  clear  that  two  types  of  salts  are  formed,  namely, 
those  giving  the  deep  yellow  solution  and  those  produced  from  the  latter 
by  boiling.  That  neither  of  these  two  are  normal  salts  of  the  free  acid 
corresponding  to  the  pyrone  lactone  (the  original  substance  was  sub- 
sequently proved  to  have  that  constitution)  is  shown  in  the  first  case 
by  the  yellow  colour  of  their  solutions  and  in  the  second  from  the 
analysis  of  the  barium  salt,  for   the   normal  salt   would  require  only 
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24'8  per  cent,  of  bariuni.     Neithei*   do   they  correspond  to   a   type  of 
salt   repre.^ented  by  the  constitution 

CMe-0-C-O-Ba-O-CO 

CH-CO-C CMelCH' 

which  requires  39'7  per  cent,  of  barium  and  would  be  colourless. 

Bromination  of  the  Substance  C^gHgO^. 

Five  grams  of  the  substance  were  dissolved  in  hot  glacial  acetic 
acid,  and  to  the  solution  4*5  grams  of  bromine  dissolved  in  glacial 
acetic  acid  were  slowly  added.  The  colour  of  the  solution  did  not 
change  on  standing.  On  pouring  into  water,  a  white,  voluminous  pre- 
cipitate was  formed.  This  was  crystallised  from  boiling  alcohol  and 
obtained  in  fine  needles,  which,  on  standing,  changed  completely  to  a 
mass  of  granular  crystals.  After  drj'ing  in  a  vacuum,  these  melted  at 
191°  with  slight  decomposition. 

The  yield  was  5*2  grams,  or  73'5  per  cent,  of  the  theoretical. 

No  dibromo-derivative  was  produced  by  using  a  larger  quantity  of 
bromine,  but  only  a  diminished  yield  of  the  monobromo-derivative  was 
obtained. 

For  analysis  the  substance  was  recrystallised  from  benzene,  from 
which  it  separated  in  brilliant  needles  containing  benzene  of  crystal- 
lisation. This  compound  readily  loses  its  benzene  on  heating  or 
standing  in  the  air. 

1-4077  lost  0-1830.     C^H6=  13-0. 

(CioH70^Br)2,C^Hg  requires  CgHg=12-6  per  cent. 

The  residue  melted  at  191°,  and  on  analysis  : 

0-2056  gave  03317  CO.,  and  0-0489  HoO.     0  =  44-40  ;  H-2-63. 

0-2308     „     0-3714  CO2    „    00573  H.p.     0  =  4389  ;  H:  =  2-75. 

0-2233     „     0-1565  AgBr.     Br  =  29-76". 
OjoH^O^Br  requires  0  =  44-28  ;  H  =  2-58  ;  Br  =  29-52  per  cent. 

The  substance,  besides  being  readily  soluble  in  hot  benzene,  is  very 
soluble  in  chloroform  or  hot  glacial  acetic  acid,  moderately  so  in  hot 
acetone,  ethyl  acetate,  or  alcohol,  slightly  so  in  light  petroleum,  and 
insoluble  in  water. 

From  glacial  acetic  acid,  acetone,  or  alcohol,  the  fine  needles  fir^t 
formed  on  crystallisation  change  to  the  granular  condition  on 
standing.  The  substance  is  also  readily  soluble  in  hot  toluene,  giving 
a  compound  similar  to  that  obtained  with  benzene  ;  on  analysis  : 

1-5188  lost  0-2158.     0-H8=14-2. 

(CioH-04Br).2,07Hg  requires  07Hg=14-5  per  cent. 

When  the  bromo-derivative  is  boiled  with  zinc  dust  and  acetic  acid, 
it  is  converted  into  the  substance  O^gHgO^  (m.  p.  213—214°)  from 
which  it  was  produced. 
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Nitration  of  the  Substance  Cj^HgO^. 

Three  gianis  of  the  substance  CjQHg04  were  dissolved  in  10  c.c.  of 
strong  sulphux-ic  acid  and  the  solution  cooled  to  0°  To  this  solution 
a  cold  mixture  of  2  c.c.  of  nitric  acid,  sp.  gr.  1"2  (the  theoretical 
amount  for  a  dinitro-derivative),  and  8  c.c.  of  strong  sulphuric  acid 
were  slowly  added.  The  temperature  during  the  process  was  not 
allowed  to  rise  above  4°.  The  mixture,  which  had  becoiiie  deep  yellow 
and  began  to  evolve  gases,  was  then  poured  into  100  grams  of  a 
mixture  of  ice  and  water, 

A  slightly  coloured  precipitate  was  obtained  which  after  filtration 
was  crystallised  from  glacial  acetic  acid,  when  it  separated  in  shining, 
yellow  needles.  The  yield  was  2  grams,  corresponding  to  55*7  per 
cent,  of  the  theoretical. 

The  yield  was  not  improved  by  using  either  more  or  less  nitric  acid. 
In  an  experiment  in  which  the  theoretical  quantity  was  used  the 
reaction  was  incomplete,  whilst  when  a  greater  excess  was  employed 
or  the  temperatui-e  allowed  to  rise,  decomposition  ensued  accompanied 
with  a  copious  evolution  of  gases  and  a  much  diminished  yield. 

For  analysis,  the  substance  was  recrystallised  from  ethyl  acetate, 
froQi  which  it  separated  in  pale  yellow  needles  which  began  to  darken 
at  about  180°  and  melted  with  violent  decomposition  at  about  200°. 

0*3127  gave  16'7  c.c.  moist  nitrogen  at  16°  and  759'5  mm.  N  =  6-2. 
CjqH^O^N  requii'es  N  =  5'9  per  cent. 

The  substance  is  readily  soluble  in  cold  acetone,  hot  glacial  acetic 
acid,  ethyl  acetate,  benzene,  or  chloroform,  slightly  so  in  hot  alcohol, 
and  almost  insoluble  in  ether,  light  petroleum,  or  water.  With  ferric 
chloride  in  alcoholic  solution,  a  deep  yellow  colour  is  produced.  With 
alkalis,  it  forms  deep  yellow  to  red  solutions,  and  in  the  case  of 
ammonia  a  further  reaction  takes  place. 

It  is  not  attacked  by  hydrogen  sulphide  in  boiling  alcoholic  solution, 
but  is  reduced,  with  elimination  of  the  nitro-group,  to  the  original 
substance,  C^oHgO^,  when  boiled  with  zinc  dust  and  acetic  acid. 

Reaction  between  Ammonia  and  the  Substance  CjoHyO^.NOg. — The 
nitro-derivative  dissolves  slowly  in  cold  concentrated  aqueous  am- 
monia, giving  a  deep  red  solution  which  at  once  begins  to  deposit  a 
colourless  solid,  the  solution  at  the  same  time  becoming  pale  yellow. 

Five  grams  of  the  nitro-derivative  wer3  continuously  shaken  with 
30  c.c.  of  aqueous  ammonia  (sp.  gr.  0"88)  until  the  original  solid  was 
entirely  dissolved  and  the  colour  of  the  solution  had  changed  to  pale 
yellow.  The  colourless  precipitate  which  had  subsequently  formed 
was  filtered,  washed  with  a  little  water,  and  dried  in  a  vacuum  :  yield 
2  "5  grams. 
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The  substance  dissolved  readily  in  hot  water  and  the  solution,  when 
cooled  slowly,  set  to  a  jelly,  which  on  standing  furnished  a  mass  of 
fine  crystals.  For  analysis,  it  was  recrystallised  from  hot  water  and 
dried  in  a  vacuum  : 

0*1947  gave  14*7  c.c.  moist  nitrogen  at  18-5°  and  755  mm,  N  =  8"65. 

0-1977     ,,     14-8  c.c.       „  „         ,,18°      „    757  mm.  N  =  8-62. 

CgHgOgN  requires  N  =  8"38  per  cent. 

An  examination  of  the  properties  of  this  substance  and  a 
comparison  with  those  of  aminodehydracetic  acid  prepared  by  the 
action  of  strong  aqueous  ammonia  on  dehydracetic  acid  (Oppeoheim 
and  Precht,  Ber.,  1876,  9,  1100  ;  Collie  and  Myers,  Trans.,  1893,  63, 
128)  proved  the  identity  of  the  two  substances.  The  substance  here 
described  melted  at  208°  (uncorr.)  whilst  aminodehydracetic  acid 
melts  at  208-5°  (corr.)  (0.  and  P.). 

The  mother  liquor  from  the  preparation  of  this  substance  gave  on 
acidification  the  reaction  for  nitrous  acid  with  potassium  iodide  and 
starch.  This  reaction  therefore  affords  a  proof  of  the  constitution  of 
the  series  of  substances  in  question,  and  fixes  the  position  of  the  nitro- 
group  in  the  nitro-derivatives,  for,  of  the  two  possible  types  of  condensa- 
tion products,  that  containing  the  lactone  ring  is  the  only  one  which 
could  yield  aminodehydracetic  acid  : 

CMe-O-C— 0— CO  CMe-O-C— 0— CO 

II  II  I        — V    II  II  I  — ^ 

CH-CO-C-CMelCH  CH-CO-C-CMelC-Is^Oa 

CMe-0-C-OH  CMe-O-C-NH, 

CH-C0-C-CMe:C(N02)-C0.^H  ~^  CH-CO-C-COMe  '*' 


CH2(N02)-COoH 


CHg-OH       ^^^^^ 

6o.i     +^^^- 


Reaction  between  Triacetic  Lactone  and  EtJiyl-^-aniinocrotonate. 

Triacetic  lactone  reacts  with  ethyl  /?-aminocrotonate  in  presence  of 
sulphuric  acid,  alcoholic  hydrochloric  acid,  or  glacial  acetic  acid  to  give 
in  each  case  the  pyrone  lactone  already  described,  and,  in  the  latter 
case,  a  second  substance  containing  nitrogen.  The  effect  of  all  three 
reagents  was  examined.  When  hydrochloric  acid  was  used  under 
similar  conditions  to  those  of  the  previous  experiment  a  very  small 
yield  was  always  obtained,  with  sulphuric  acid  the  yield  was  much 
increased,  but  the  best  results  were  given  by  the  use  of  glacial  acetic 
acid  as  follows  : 

6-2  grams  of  triacetic  lactone,  7-5  grams  of  ethyl  y8-aminocrotonate, 
and  25  c.c.  of  glacial  acetic  acid  were  heated  almost  to  boiling  and  left 
to  cool.  A  mass  of  fine  needles  separated  which  were  found  to  consist 
of  nearly  pure  pyrone  ketone.  3-1  grams  were  obtained,  corresponding 
to  a  yield  of  32*5  per  cent. 
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The  mother  liijuor  vvus  poured  into  70  c.c.  of  water,  quickly  filtered 
from  a  small  quantity  of  impure  pyrone  lactone  which  separated, 
diluted  with  100  c.c.  of  water,  and  left  to  stand.  A  granular 
crystalline  precipitate  slowly  formed,  which  after  twenty-four  hours' 
standing  was  collected,  washed  with  a  little  water,  and  dried  in  a 
vacuum.     2*5  grams  were  obtained. 

The  substance  was  recrystallised  from  a  mixture  of  methyl  alcohol 
and  water  (1  :  4),  from  which  it  separated  in  colourless  granular 
crystals  melting  indefinitely,  from  about  180°  to  about  200^. 

A  considerable  quantity  of  the  substance  was  prepared  by  this 
method. 

Attempts  to  purify  it  by  recrystallisation  and  fractionation  failed, 
no  substance  of  definite  melting  point  being  obtained,  whilst  at 
the  same  time  each  sample  was  proved  to  contain  a  small  amount  of 
the  pyrone  lactone,  since  it  gave  the  same  blue  fluorescence  when 
dissolved  in  strong  sulphuric  acid.  The  substance  was  therefore 
treated  witli  a  small  quantity  of  alcoholic  potash. 

Two  grams  of  the  substance  dissolved  in  a  little  alcohol  were  heated 
on  the  water-bath  for  fifteen  minutes  with  10  c.c.  of  a  10  per  cent, 
solution  of  alcoholic  potash.  The  solution  was  then  poured  into  100  c.c. 
of  water  acidified  with  hydrochloric  acid  and  left  to  stand  overnight. 
A  white,  crystalline  solid  separated  which,  after  being  dried  in  a 
vacuum,  amounted  to  1*1  grams.  On  recrystallisation  from  methyl 
alcohol  the  substance  separated  in  flat  plates  melting  at  193°,  and 
which  no  longer  showed  fluorescence  when  dissolved  in  strong  sulphuric 
acid.  The  pyrone  lactone  originally  present  had  there'"ore  been 
destroyed. 

After  a  second  i-ecrystallisation  : 

0-2391  gave  0-5210  CO,  and  0-1319  H2O.     C  =  59-42;  H  =  613. 
0-2684     „      10-3  c.c.  moist  nitrogen  at  11-0°  and  759  mm.    ISr  =  4-57. 
CigHj20,.N  requires  C  =  59-81.     H  =  5-91  ;  N  =  4-36  per  cent.' 

The  substance  is  insoluble  in  water,  light  petroleum,  or  ether 
readily  soluble  in  hot  alcohol,  methyl  alcohol,  or  chloroform,  and 
slightly  so  in  ethvl  acetate  or  benzene.  It  dissolves  in  dilute  aqueous 
sodium  hydroxide  without  giving  a  coloured  solution,  and  if  boiled 
for  some  time  with  very  concentrated  alkali,  ammonia  is  evolved. 

With  ferric  chloride  in  alcoholic  solution  no  coloration  is  produced. 
The  mother-  liquor  from  the  preparation  of  this  substance  was 
rendered  faintly  acid  and  evaporated  to  a  very  small  bulk,  when  an 
oily  substance  separated  which  quickly  solidified  on  cooling.  On 
addition  of  hydrochloric  acid  the  greater  part  dissolved,  leaving  a 
very  small  quantity  of  a  brown  residue,  which  was  filtered  off  and  the 
solution   made  nearly  neutral.     On  standing  for   some  time  a  white. 
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feathery  solid  separated  which  was  collected,  washed  with  a  little 
water  and  dried  in  a  vacuum.  This  substance,  which  contained 
nitrogen,  melted  at  138°  ;  yield  02  gram. 

In  order  to  ascertain  whether  it  was  present  iu  the  original  impure 
substance,  a  series  of  experiments  were  made  in  which  the  quantity  of 
alcoholic  potash  and  time  of  boiling  weie  increased.  In  each  case  a 
greater  quaniity  of  the  substance  was  formed,  thus  showing  that  it 
was  a  decomposition  product. 

Reaction  between  Alcoholic  Potash  and  the  Substance  C^gHjc,O^N. — Two 
gi'ams  of  the  compound  CjgHjgOjjN  were  boiled  for  one  hour  with  30  c.c. 
of  alcoholic  potash  of  the  same  strength  as  before,  poured  into  150  c.c.  of 
water,  acidified  and  left  to  stand  when  0"fi  gram  of  the  original  substance 
CjgHjgOgN  separated,  and,  after  evaporation  as  before,  0"83  gram  of 
the  second  substance  was  obtained.  This  was  mixed  with  the  former 
preparations  and  the  whole  crystallised  from  hot  water,  being 
obtained  in  fine  needles,  which  slowly  changed  to  granular  crystals  on 
standing. 

The  substance  melted  at  1 38°  and  proved  to  be  identical  with 
the  eth}l  ester  of  i//-lutidostyrilcarboxylic  acid,  corresponding  to  the 
formula 

CMe NH-CO 

C(C02Et)-CMe:CH' 
previously  obtained  by  the  action  of  pure,  dry  hydrogen  chloride  on 
y8-aminncrotonic  ester  at  120°  (Collie,  Trans.,  1897,  71,  303),  and  by 
ihe  action  of  ammonia  on  the  ethyl  ester  of  isodehydracetic  acid  at 
150— 160°  (Anschutz,  Bendix,  and  Kerp,  Annalen,  1800,  259,  173), 
for  on  treatment  with  strong  aqueous  alkali  for  some  time,  it  yielded 
the  corresponding  acid  melting  at  295°  (given  as  304°  approx.  in  the 
literature). 

The  production  of  this  ester  makes  it  evident  that  in  the  formation 
of  the  substance  C^gHj(,OgN  two  molecules  of  ethyl  /3-aminocrotonate 
had  taken  part,  thus  : 

CMe-NH„  CMe-0-C-OH 

II ?-.-  .         —  II  I 


or 


COgEfCjH     NH2:-CMe:CH'CO;OEt    HiC-CO-CH 

CMe-NH,  HO-C-O-CMe 

COgEfCH   NHa-CMelCH-COjOEt   HC-CO-CH  ' 


giving  a  compound  of  the  type 

( 
or  of  the  type 


,  CMe-NH^  CMe-U-C-OH 

CO^EfC-CMelCH-CO-C-CO-CH 


....  CMe-NH„    Hu-C-0-CMe 

(2)  II  2  MM, 

'        COaEfC-CMelCH-CO-C-CO-CH  ' 
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of  which  the  latter  is  the  more  probable,  since  the  lactone  is  produced 
at  tlie  same  time. 

Tlie  lactone  ring  is  then  separated  under  the  influence  of  alcoholic 
potuhh  and  a  free  acid  is  obtained  which  at  once  yields  the  lutidone 
e.-ter  with  loss  of  water  : 

CMe-NHg  CMe NH-CO 

C(CO.^Et)-CMe:CIi-CO,H     "^     C(C02Et)-CMe:CH' 

The  last  reaction  is  practically  quantitative.  In  the  above  experi- 
ment, out  of  2  grams  of  the  original  substance  Cj^^HjgOgN,  0*6  gram 
was  recovered  unchanged,  and  the  remaining  1'4  grams  give  083  gram 
of  the  lutidone  ester,  corresponding  to  a  yield  of  97  per  cent. 

That  the  substance  CYjHj,,OgN  is  not  merely  a  molecular  compound 
of  tinacetic  lactone  and  the  lutidone  ester  is  pi'oved  by  the  fact  that,  if  a 
solution  of  the  two  is  evaporated  to  dryness  and  the  product  very 
carefully  fused,  the  lutidone  remains  unchanged,  whilst  the  lactone  is 
partly  decomposed. 

In  conclusion,  the  author  desires  to  express  his  best  thanks  to 
Professor  Collie,  at  whose  suggestion  the  research  was  undertaken,  and 
who  has  given  him  every  help  throughout  the  work. 

The  Organic  Chemistry  Laboratory, 

University  College, 

London. 


XXV. ^ — Oxidation  of  Hydrocarbons  of  the  Benzene 

Series. 

By  Herbert  Drake  Law  and  Frederick  Mollwo  Perkin. 

In  recent  pajjei-s  we  have  shown  [Trans.  Faraday  Soc,  1905,  1,  3L 
251)  that  by  the  electrolytic  oxidation  of  toluene,  the  three  xylenes, 
ethylbenzene,  mesitylene,  cumene,  and  i^-cumene  in  acid  solution 
aldehydes  were  formed.  In  the  case  of  toluene  and  »i-xylene  in 
alkaline  solution,  the  hydrocarbons  were  oxidised  to  carbon  dioxide 
and  water. 

In  the  present  paper  we  describe  experiments  made  on  the  oxidation 
of  these  hydrocarbons  by  purely  chemical  methods  in  which  the  re- 
agents employed  were  lead  peroxide,  manganese  peroxide,  chromyl 
dichloride,  and  persulphates.  In  the  latter  case  oxidising  action  was 
accelerated  by  the  addition  of  a  silver  salt  as  catalytic  agent,   because, 
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in    the    absence    of    such  a   catalyst,   practically   no    oxidation    takes 
place. 

Lead  Peroxide. — Wheu  a  mixture  of  toluene  or  other  hydrocarbon 
of  the  benzene  series  and  50  per  cent,  sulphuric  acid  is  treated  with 
lead  peroxide  according  to  the  equation 

R-CHg  +  2Pb02  +  2B2SO4  =  R-CHOH-2PbS04  +  2H.2O, 
a  very  energetic  reaction  takes  place,  and  unless  the  lead  peroxide  is 
very  slowly  added  or  the  mixture  very  thoroughly  cooled,  the  oxidation 
is  so  vigorous  that  the  mixture  boils  over.  We  found  that  by  this 
method  the  hydrocarbons  toluene,  the  xylenes,  mesitylene,  i/z-cumene, 
and  cymene  all  gave  varying  quantities  of  the  mono-aldehydes. 

In  the  first  experiments  freshly  precipitated  lead  peroxide  was 
employed,  but  it  was  not  found  to  be  any  more  reactive  than  the 
ordinary  commercial  product. 

Manganese  Peroxide. — Fournier  {Compt.  rend.,  1901,  133,  634) 
studied  the  action  of  manganese  peroxide  in  presence  of  sulphuric  acid 
of  sp.  gr.  1'53  on  hydrocarbons  of  the  benzene  series,  and  found  that 
aldehydes  were  produced  ;  o-xylene,  for  example,  yielded  about  30  per 
cent,  of  o-tolualdehyde.  We  have  repeated  Fournier's  experiments, 
and  in  most  cases  obtained  results  corresponding  very  closely  to  those 
described  by  him. 

Chromyl  Bichloride.— Eta,rd  {Ann.  Chim.  Pkys.,  1881,  [v],  22,  218) 
and  Bornemaun  {Ber.,  1884,  17,  1463)  have  shown  that  when  chromyl 
dichloride  acts  on  hydrocarbons  of  the  benzene  series  an  additive 
compound  of  the  hydrocarbon  and  the  chromyl  dichloride  is  produced, 
in  which  two  molecules  of  the  chromyl  dichloride  unite  with  one 
molecule  of  the  hydrocarbon  : 

R-CHg  +  2CrOoCl2  =  Il-CH(OH-CrOCl2)2- 
This    substance    is    decomposed    by    water    with    production    of    an 
aldehyde  : 
3R-CH(OH-CrOCl2)  +  Aq  =  3R-CH0  +  4CrCl3  +  2Cr03  +  Aq. 

In  the  majority  of  cases  we  have  obtained  better  yields  of  alde- 
hydes by  this  method  than  by  any  other  which  we  have  tried.  Owing 
to  the  vigour  of  the  reaction,  however,  special  precautions  must  be 
employed. 

Per  sulphates.* — When  toluene  is  agitated  with  a  mixture  of 
ammonium  persulphate  and  4i\"-sulphuric  acid,  no  oxidation  takes 
place.     Now,  although  persulphuric  acid  alone  does  not  oxidise  hydro- 

*  Since  we  commenced  this  work,  our  attention  has  been  directed  to  the  work  of 
R.  Kempf  {Ber.,  1905,  38,  3963  ;  1906,  39,  3715),  who  has  investigated  the  action 
of  persulphates  in  presence  of  a  silver  salt  on  benzene  and  ^j-benzoquinone.  He  has, 
however,  allowed  the  oxidation  to  proceed  to  the  furthest  possible  limit,  whilst  we 
have  been  chiefly  concerned  with  the  preparation  of  the  aldehydes. 
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carbons  of  the  benzene  series,  it  occurred  to  us  that  if  a  inetallic 
salt  were  present  oxidation  might  take  place.  Marshall  [I'roc.  Roy. 
Soc.  Edin.,  1900,  23,  163)  and  Mar.-,hall  and  Inglis  (/Voc.  lioy.  Hoc. 
Edin.,  1902,  24,  88)  have  shown  that  when  a  persulphate  is  acted  on 
by  a  soluble  silver  salt,  a  black  precipitate  of  silver  peroxide  is  formed. 
This  is  probably  due  to  the  hydrolysis  of  the  siKer  persulphate  first 
produced.*  When  ammonium  persulphate  is  f  mployed,  a  portion  of  the 
ammonium  rt-sidue  is  oxidised  to  nitric  acid,  8(NH^)2S20g  + 6H20  = 
7(NHJoS0,  +  9H2SO4  +  2HNO3. 

This  mixture  will  bleach  indigo  and  oxidise  chromic  salts.  We  find 
that  when  tokiene  or  other  benzene  hydrocarbons  are  agitated  with  a 
mixture  of  a  persulphate  in  sulphuric  acid  and  a  small  quantity  of  a 
silver  salt  that  oxidation  takes  place  and  that  an  aldehyde  is  the 
first  product.  If  the  alcohol  is  formed,  we  have  not  so  far  succeeded 
in  isolating  it. 

At  first  sodium  persulphate  was  employed,  but  the  results  were 
very  contradictory.  With  some  specimens  the  oxidation  was  very 
coinplete ;  with  others  there  was  practically  no  action.  We  found 
that  when  oxidation  did  not  take  place  the  pei'sulphate  was  always 
contaminated  with  chloride ;  therefore  in  all  the  later  experiments 
ammonium  persulphate  free  from  chloride  was  used. 

The  persulphate  reaction  is  rather  difficult  to  control,  and  the  results 
in  various  experiments  with  the  same  hydrocarbon  under  apparently 
similar  conditions  were  not  very  concordant. 

Experimental. 

Oxidation  of  Toluene. 

I.  With  Lead  Peroxide.— Two  hundred  and  eighty  grams  of  lead 
peroxide  (theory  requires  260)  was  mixed  in  a.,  lead  vessel,  surrounded 
by  ice,  with  300  c.c.  of  sulphuric  acid  (equal  volumes  of  concentrated 
acid  and  water,  sp.  gr.  r52).  The  top  of  the  vessel  was  closed  with 
a  sheet  of  lead,  through  which  a  lead  stirrer  was  passed  and  a  tube 
connected  with  a  caibon  dioxide  generator,  so  that  the  operation  could 
be  carried  out  in  an  atmosphere  of  the  gas.  The  mixture  was 
vigorously  agitated  until  the  temperature  had  fallen  to  about  2°. 
Then  50  grams  of  toluene  were  added  and  the  agitation  continued. 
The  temperature  rapidly  rose  to  40°,  but  soon  fell  again  and  remained 
between   10°   and    15°  during   three  hours,   when   the  agitation   was 

*  The  oxidation  is  probably  broi;ght  about  by  the  \instable  .silver  peroxide,  and  is 
not  directl}'  due  to  the  persulphuric  acid.  It  will,  however,  proceed  as  long  as  there 
is  any  persulphuric  acid  present,  because  as  soon  as  the  silver  peroxide  has  parted 
with  its  oxygen,  it  will  react  with  the  persulphuric  acid  and  thus  silver  peroxide 
will  again  be  formed. 
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stopped.  The  mixture,  which  had  a  strong  odour  of  benzaldehyde,  was 
now  transferred  to  a  i-ound-bottomed  flask  and  heated  on  the  water- 
bath  for  about  half  an  hour,  when  it  was  distilled  in  a  current  of 
steam.  We  found  it  always  desirable  to  heat  the  mixture  in  this  way 
before  subjecting  it  to  steam  distillation  in  order  that  the  reaction 
might  be  completed.  When  this  was  not  done  there  was  a  tendency 
for  the  mixture  to  froth  over  when  steam  was  passed  into  it. 

The  distillate  was  extracted  with  ether  and  the  aldehyde  converted 
into  the  hydrogen  sulphite  compound,  in  order  to  sepai-ate  it  fi-om 
any  unchanged  toluene.  On  decomposing  the  hydrogen  sulphite  com- 
pound 24  per  cent,  of  benzaldehyde  was  obtained. 

When  ice  was  not  used  and  the  toluene  was  added  in  small  quanti- 
ties at  a  time,  taking  care  not  to  allow  the  temperature  to  rise 
above  35  to  40^,  we  never  obtained  more  than  about  18  per  cent,  of 
benzaldehyde. 

II.  Manganese  Peroxide. — One  hundred  grams  of  commercial 
manganese  peroxide  (theory  requires  S3  grams  MnOg)  were  mixed  in 
a  lead  vessel  with  300  c.c.  of  sulphuric  acid,  sp.  gr.  1*52,  and  then 
50  grams  of  toluene  added.  The  mixture  was  vigorously  agitated  for 
five  hours.  After  heating  on  the  water-bath  and  distilling  with  steam, 
only  0"5  per  cent,  of  benzaldehyde  was  obtained. 

The  experiment  was  then  repeated,  taking,  howevei',  100  grams  of 
freshly  precipitated  manganese  peroxide  and  agitating  for  6 '5  hours. 
In  this  case  5  per  cent,  of  benzaldehyde  was  obtained. 

III.  Chromyl  Dichloride.  —  One  hundred  and  forty  grams  of  chromyl 
dichloride  were  dissolved  in  200  c.c.  of  chloroform  and  placed  in  a  glass 
jar  fitted  with  a  glass  stirrer,  and  surrounded  by  cold  water.  Forty 
grams  of  toluene  were  dissolved  in  twice  its  volume  of  chloroform  and 
allowed  to  run  slowly  into  the  well-agitated  solution  of  chromyl 
dichloride.  When  the  whole  of  the  toluene  had  been  added,  the 
mixture  was  agitated  for  half  an  hour  longer  (altogether  two  hours) 
and  allowed  to  stand  overnight.  It  was  then  transferi-ed  to  a  round- 
bottomed  flask  containing  a  little  water,  and  sulphurous  acid  was 
carefully  added  in  excess.  Daring  the  addition  of  the  sulphurous  acid, 
the  flask  and  its  contents  were  gently  agitated.  The  mixture  was 
distilled  with  steam,  the  chloroform  containing  the  dissolved  aldehyde 
separated  from  the  water,  and  the  chloroform  evaporated.  The  oily 
product  was  shaken  with  a  concentrated  solution  of  sodium  hydrogen 
sulphite.  The  hydrogen  sulphite  compound  was  washed  with  ether  to 
free  it  from  any  unchanged  toluene  and  the  aldehyde  recovered  in  the 
usLial  mannei'.    Yield  of  benzaldehyde,  44  per  cent. 

IV.  Fsrsulphates. — Two  hundred  grams  of  ammonium  persulphate 
were  mixed  with  500  c.c.  of  4iV-sulphuric  acid,  and  2  grams  of  silver 
sulphate  and  40  grams  of  toluene  added.     The  top  of  the  vessel  was 
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closed  with  a  sheet  of  lead,  through  which  passed  a  glass  stirrer  and 
a  tube  ia  connexion  with  a  Kipp's  apparatus  for  generating  carbon 
dioxide.  The  mixture  was  vigorously  agitated  without  cooling,  so  as 
to  form  an  emulsion.  The  temperature  rose  to  45° ;  after  seven 
hours,  it  had  fallen  to  that  of  the  atmosphere  and  the  mixture  was 
distilled  with  steam.  The  bcnzaldehyde  was  separated  as  usual  by 
means  of  the  hydrogen  sulphite  compound,  the  yield  being  78  per  cent. 
With  2i\^-acid,  the  yield  of  aldehyde  was  poor. 

])-Xylene. 

Lead  Peroxide. — Fifty  grams  of  ^>xylene  were  added  to  300  c.c.  of 
sulphuric  acid,  sp.  gr.  1"52,  and  the  mixture  thoroughly  agitated  in  an 
atmosphere  of  carbon  dioxide.  Two  hundred  and  fifty  gi'ams  of  lead 
peroxide  were  then  added  in  quantities  of  about  50  grams  at  one  time, 
by  which  means  the  temperature  of  the  mixture  was  kept  at  about 
45°.  The  whole  operation  took  about  three  hours.  The  mixture  was 
then  transferred  to  a  flask  and  heated  on  the  water-bath  for  about 
half  an  hour,  after  which  it  was  distilled  with  steam.  The  yield  of 
aldehyde  was  27-5  per  cent. 

Manganese  Peroxide. — Fifty  grams  of  ^;-xylene  were  mixed  so  as  to  - 
form  an  emulsion  with  100  grams  of  manganese  peroxide  and  300  c.c. 
of  sulphuric  acid,  sp.  gr.  1"52.  The  mixing  was  continued  for  about 
eix  hours,  during  which  time  the  temperatux-e  did  not  rise  above  25°. 
'Jhe  mixture  was  then  heated  on  the  water-bath  for  half  an  hour  and 
distilled  with  steam.     The  yield  of  aldehyde  was  14'5  per  cent. 

Chromyl  Bichloride. — The  preparation  was  exactly  similar  to  that 
described  under  toluene,  and  the  yield  of  aldehyde  varied  between 
70  and  80  per  cent. 

Persulphate. — In  this  case,  it  was  found  essential  to  cool  the 
mixture  during  the  time  the  reaction  was  taking  place.  In  one  case, 
taking  40  grams  of  ^>xylene,  190  grams  of  ammonium  persulphate, 
500  c.c.  of  4xY-sulphuric  acid,  and  2  gi-ams  of  silver  sulphate,-  the 
temperature  at  the  commencement  was  15°;  in  fifty  minutes  it  had 
risen  to  29°,  and  ten  minutes  later  the  mixture  boiled  over,  the 
temperature  having  risen  to  102°.  When  the  above  mixture  was  well 
agitated  in  an  atmosphere  of  carbon  dioxide,  the  vessel  being  placed  in 
cold  water  so  that  the  temperature  did  not  rise  above  25°,  yields  of 
^^-tolualdehyde  varying  from  35  to  48  per  cent,  were  obtained. 

The  methods  of  procedure  with  o-  and  w-xylene  were  similar  U^y 
those    employed    for  ^^-xylene ;  the    yields   obtained    by  the   difP&fenu   v 
processes   of   oxidation  are  tabulated  on  page  263.     Me.siiylene  and  I 
i/'-cumene  also  behaved  in  a  normal  manner,  but  the  yields  of  aldehyde  ' 
were  less  than  in  the  cases  of  the  xylenes. 
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Cymene  was  found  to  be  very  difficult  to  oxidise,  even  when  the 
temperature,  in  the  case  of  oxidation  with  lead  peroxide,  manganese 
peroxide,  and  persulphates,  was  allowed  to  rise  unchecked.  This  was 
from  40  to  50^  in  the  case  of  the  peroxides,  using  acid  of  sp.  gr.  1"53. 
With  persulphates  the  temperature,  using  4^V-acid,  rose  to  about  35°. 
In  this  case  the  reaction  showed  a  tendency  to  proceed  beyond  the 
aldehyde  stage  and  a  considerable  quantity  of  cuminic  acid  was  obtained, 
the  yield  of  cuminaldehyde  being  vei'y  small.  The  aldehyde  is 
probably  first  produced  and  then  undergoes  oxidation,  for  a  con- 
siderable amount  of  unchanged  cymene  was  always  recovered. 

Although  the  main  product  of  oxidation  of  all  the  hydrocarbons 
was  the  mono-aldehyde,  on  working  up  the  residues  from  a  large 
number  of  experiments  small  quantities  of  the  alcohols  were  obtained. 
The  amounts,  however,  were  so  small  that  they  certainly  did  not 
represent  more  than  0-1  per  cent,  of  the  hydrocarbon  employed.  At 
the  same  time  the  fact  that  these  small  quantities  of  alcohols  are 
obtained  would  point  to  the  probability  that  the  alcohol  is  the  first 
product,  and  that  by  further  oxidation  the  aldehyde  is  formed.  In 
some  cases  a  considerable  quantity  of  resin  was  produced,  and  this 
was  pai-ticularly  marked  when  pei"sulphates  were  employed. 

Percentage  yield  of  aldehydes  ^Yitll  difFeieut  oxidising  agents. 

Electrolytic        Lead  Manganese                          Chromyl  di- 

oxidation.        peroxide.  peroxide.  Persulphates.     chloride. 

Toluene   10—20             18—21  5  78  41 

o-Xylene 25—30                 28  08  —  65 

^>Xylene 25—35                 27-5  11-5  35—48  70-80 

m-Xylene    10—15                 20  —  44  60 

Mesitylene  10 — 15                   8"5  16  5'8  5'5 

;^-Cumene    10—12                11  17  —  5 

n                           r  10,  aldehvdel     ,„  ,  „  _  o 

^y"'^"*^   (  20;  alcohols  /    10  1  0'^  ^ 

It  should  also  be  mentioned  that  when  the  hydrocarbons  were 
oxidised  with  chromyl  dichloride,  in  some  cases  considerable  quantities 
of  chlorinated  products  were  obtained.  This  was  u.-ually  the  case 
when  the  yield  of  aldehyde  was  small  and  was  particularly  noticeable 
with  mesitylene  and  ?/i-xylene. 

The  authors  desire  to  express  their  thanks  to  the  Coniinittee  of  the 
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Chemical  Labokatory, 

BoROUGU  Polytechnic  Institute, 

BOKOUGH  KOAD,  LoNDON. 


T  2 


264  KEANE   AND   NICHOLLS  :   THE   CONDENSATION   OF 


XX Vl. — The    Condeyisatloii  of  Salicylamide  ivith  Aryl 

Aldehydes. 

By  Charles  Alexanbek  Keane  and  William  Walter  Scott 

KiCHOLLS. 

The  coudensation  of  amides  with  aldehydes  was  first  studied  by  lloth 
{Aunalen,  1870,  15-1,  72),  who  attempted  to  prepare  the  amide  of 
linnamic  acid  by  heating  acetainide  with  benzaldebyde.  The  product 
he  obtained  was  shown  to  be  benzylidenediacetaniide, 

C,H,-CH{NH-CO-CH3)o, 
and  many  similar  compounds  have  since  been  prepared  by  the  con- 
densation of  both  aryl  and  alphyl  aldehydes  with  the  amides  of  mono- 
basic acids  by  Schuster  [Anncdai,  1870,  154,  80),  Nencki  [£er.,  1874, 
7,  158),  Hofmann  and  Meyer  {Ber.,  1892,  25,  209),  Pulvermacher 
{IJtr.,  1892,  25,  311),  and  Blilow  {Ber.,  1893,  26,  1972). 

These  condensation  products  are  formed  by  the  action  of  two 
molecules  of  the  amide  on  one  of  the  aldehyde,  according  to  the 
equation  : 

R  CH.^0  +  H-iNH-CO-K      =     ^'  ^^^NH-CO-R'  +  ^^^^^ 

Compounds  of  a  different  type  are  obtained  by  the  condensation  of 
formaldehyde  with  amides  (Einhorn,  Annalen,  1905,  343,  207),  when 
one  molecule  of  the  amide  and  one  of  the  aldehyde  interact  to  form 
X-methylol  compounds,  R'CO'NH'CH^'OH,  from  Avhich  methylene 
compounds  of  analogous  constitution  to  the  above,  CH2l(NH*C0'R)^, 
can  be  prepared  in  several  instances  by  the  further  action  of  amides. 

These  substances  show  varying  degrees  of  stability  towards  dilute 
acids  and  dilute  alkalis,  a  property  which  is  of  special  interest  in 
connexion  with  the  physiological  action  of  the  amides,  and  it  is  from 
this  consideration  that  the  action  of  aldehydes  on  salicylamide  has 
been  studied. 

Salicylamide,  when  heated  with  benzaldebyde,  either  with  or  without 
a  solvent,  in  presence  of  hydrochloric  acid  or  of  sodium  acetate,  con- 
denses to  form  a  well-defined  compound  in  the  production  of  which 
one  molecule  of  the  amide  reacts  with  one  of  the  aldehyde.  The 
substance  gives  no  reaction  with  ferric  chloride,  indicating  that  the 
hydroxyl  group  of  the  salicylamide  has  participated  in  the  condensa- 
tion and  it  yields  an  acetyl  derivative  which  is  decomposed  by 
concentrated   sulphuric    acid    with    the    formation  of   ^V-acetylsalicyl-  ' 
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amide  (McConnan  and  Titherley,  Trans.,  1906,  89,  1318)  and  benz- 
aldehyde. 

Hence  it  is  concluded  that  the  condensation  takes  place  according 
to  the  equation  : 

C.H,<^r'''^  +  C„H.,CHO  -  C,lJKl°lll.c^j,^  +  H,0, 

with  the  formation  of  a  cyclic  compound  of  the  oxazine  group,  namely, 
2-phenyl-l  :  3-benzoxazone.  An  alternative  tautomeric  structure  is, 
of  course,  also  possible. 

The  decomposition  of  the  acetyl  derivative  into  iV-acetylpalicyl- 
amide  and  benzaldehyde,  which  indicates  the  presence  of  the  imino- 
group  in  the  ring,  is  represented  by  the  equation  : 

C  H  /C0-N.C0.CH3 


^0-CH.C,H, 


'CO-NH-CO-CH, 


Anisaldehyde  behaves  similarly  to  benzaldehyde,  and  the  condensa- 
tion product  also  yields  an  acetyl  derivative,  whilst  o-methoxybenz- 
amide,  in  which  the  hydrogen  of  the  hydroxyl  group  is  substituted, 
forms  the  ordinary  benzylidene  condensation  product, 

C6H,-ch:(hn-co-c,h,-o-ch3)2, 

benzylidenebis-0-methoxybenzamide  ;  this  is  not  acetylated  by  heating 
with  acetic  anhydride. 

Both  dilute  alkalis  and  dilute  acids  regenerate  salicylamide  and 
benzaldehyde  or  anisaldehyde  from  2-phenyl-l  :  8-benzoxazone  or  from 
the  corresponding  anisaldehyde  compound ;  they  are  also  decomposed 
by  heating  with  bases  such  as  aniline  or  piperidine.  From  a  direct 
comparison  with  the  condensation  products  of  the  type  of  benzylidene- 
dibenzamide,  the  above  cyclic  compounds  are  less  stable  towards  alkalis 
and  about  equally  stable  towards  dilute  mineral  acids.  They  are 
further  distinguished  by  being  acetylated  by  the  action  of  acetic 
anhydride,  whereas  the  benzylidene  compounds  are  either  decomposed 
or  are  unacted  on ;  benzylidenediacetamide  and  benzylidenedibenz- 
amide  are,  for  example,  decomposed,  whilst  benzylidenebis-o-methoxy- 
benzamide  is  not  attacked. 

The  above  oxazone  ring  is  present  in  carbonylsalicylamide, 

described  by  Einhorn  and  Mettler  (Ber.,  1902,  35,  3647),  and  by 
Einhorn  and  Schmidlin  {Ber.,  1902,  35,  3653),  and  also  in  the  closed 
chain  formula  suggested  by  McConnan  and  Titherley  (Trans.,  1906, 
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89,  1318)  as  repre?enting  the  structure  of  one  of  the  tautomeric  forms 

of    beiizoylsalicylamide,     '  r>^^''\r«  x^r  '  '^^^^  ^^  other  acyl  salicyl- 

amides/'^' 

Condensation  products  of  other  hydroxyamides  with  aldehydes  have 
been  prepared  directly  fi'om  mandelatnide  and  benzaldehyde  by  Michael 
and  JeanpOtre  (Be)'.,  1892,  25,  1678j,  and  indirectly  from  mandelo- 
nitrile,  lactonitrile,  and  anisonitrile  by  E.  Fischer  {Her.,  189G,  29,205) 
and  by  Minovici  {Ber.,  ISOfi,  29,  2097). 

In  each  case  the  condensation  takes  place  between  one  molecule  of 
the  amide  or  nitrile  and  one  molecule  of  the  aldehyde,  and  the  products 
have  been  regarded  as  having  the  general  formula 

k-ch(oh)-co-n:ch-r', 

and  therefore  analogous  in  structui'e  to  the  condensation  products  of 
aldehydes  with  primary  amines. 

Michael  and  Jeanpctre  (loc.  cit.),  in  discussing  the  following  alterna- 
tive formula  for  the  condensation  product  of  mandelamide  and  benz- 
aldehyde, regard  formula  I  as  correct,  because  it  forms  an  acetyl 
compound  and  is  not  acted  on  by  nitrous  acid. 

f'O'NTT 

c,h,.ch(oh)-cO'N:ch-c,h,      ^o^^'^^<o-^n-c,ii,. 

I.  II. 

By  analogy  with  the  salicylamide  condensation  product  the  formula 
II  would,  on  the  contrary,  appear  the  more  probable. 

This  point  is  under  investigation,  as  is  also  the  condensation  of 
salicylamide  with  other  aldehydes  and  of  other  hydroxyamides  with 
aldehydes,  including  the  aldoses. 

Experimental. 
'2-Fhenyl-l  :  3-benzoxazone,  CgH.<'        ^  . 

The  condens.ation  of  salicylamide  with  benzaldehyde  is  effected  by 
melting  together  one  molecular  proportion  of  the  amide  with  one  and 
a  half  molecular  proportions  of  the  aldehyde  on  the  water-bath  ;  when 
the  whole  forms  a  homogeneous  liquid,  a  few  drops  of  concentrated 
hydrochloric  acid  are  added  and  the  heating  continued  for  five  to  six 
hours.  The  product  of  the  reaction  is  washed  with  a  little  ether  to 
remove  the  excess  of  benzaldehyde,  and  then  macerated  with  very 
dilute  sodium  hydroxide  solution  for  a  few  minutes  to  remove  the 
unchanged  salicylamide.     The  residual  condensation  product  is  purified 

*  Di'.  A.  W.  Titherley,  who' has  also  prepared  ]ihcnylbenzoxazone,  is  studying 
its  relation  to  the  cyclic  tautomerism  of  the  acyl  salicylamides.  (Private  coni- 
immication.) 
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by  crystallisation  from  alcohol  and  is  thus  obtained  quite  free  from 
salicylamide.  Fractional  crystallisation  from  chloroform  can  be 
substituted  for  the  tx'eatment  with  alkali  as  salicylamide  is  consider- 
ably less  soluble  than  the  oxazone  in  this  solvent.  Dry  sodium 
acetate  can  be  used  in  place  of  hydrochloric  acid  as  the  condensing 
agent,  and  the  condensation  can  also  be  effected  in  alcoholic  or  in 
chloroform  solution. 

Phenylbenzoxazone  crystallises  in  silky  needles  which  melt  at  169°  ; 
it  dissolves  fairly  readily  in  ether  or  chloroform,  very  readily  in  hot 
alcohol  or  hot  benzene.     It  gives  no  coloration  with  fem'ic  chloride  : 

0-1818  gave  0-4988  CO.^  and  0-0802  H2O.     C  =  74-82  ;  H  =  4-91. 

0-1862     ,,     10-7  c.c.  moist  nitrogen  at  28*and  766  mm.      N  =  6-36. 

0-5064  in  20  c.c.  alcohol  gave  M  -  0-20.     M.W.  -  197-5. 
Cj^Hi^O.,N     requires     C=  74-67;     H  =  4-89;     N  =  6-22     per     cent.; 

M.W  =  225. 

It  is  insoluble  in  cold  water,  but  is  gradually  decomposed  into 
benzaldehyde  and  salicylamide  on  prolonged  boiling.  Treated  with 
cold  sodium  hydroxide  solution,  complete  decomposition  is  effected  on 
standing;  it  is  stable  towards  cold  dilute  mineral  acid-,  but  decom- 
position readily  takes  place  on  warming.  Heated  with  aniline,  com- 
plete decomposition  into  benzylideneaniline  (m.  p.  54°)  and  salicylamide 
occurs  according  to  the  equation  : 

\-Acetyl-2-2^henyl-\  :  3-benzoxazone  is  prepai^ed  by  heating  the  above 
substance  with  acetic  anhydride.  It  crystallises  from  alcohol  in  thin 
prisms  which  melts  at  88°  ;  it  is  slightly  soluble  in  boiling  water  and 
readily  so  in  cold  benzene  : 

0-2538  gave  12-3  c.c.  moist  nitrogen  at  22°  and  764  mm.  N  =  5-52. 
CjgH^gOgN  requires  ]Sr  =  5-24  per  cent. 

It  is  decomposed  into  its  constituents  by  heating  with  dilute 
alkali  or  with  dilute  mineral  acids.  When  dissolved  in  concentrated 
sulphuric  acid  and  poured  into  water,  iV^-acetylsalicylamide  and  benz- 
aldehyde are  formed.  The  identity  of  the  former  product  was  checked 
by  comparison  with  a  specimen  of  iV-acetylsalicylamide  kindly  placed 
at  our  disposal  by  Dr.  Titherley  ;  both  melted  at  the  same  tempei-ature 
(146°)  and  showed  no  depression  of  the  melting  point  on  being  mixed 
together.  When  heated  with  aniline,  decomposition  takes  place  with 
the  formation  of  benzylideneaniline,  acetanilide,  and  salicylamide.  The 
acetyl  compounii,  like  the  parent  substance,  gives  no  coloration  with 
ferric  chloride. 
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X'O-NH 
2-p-Methoxi/phe)ri/l-\  -.Sbenzoxazoiie,     Cf.}i^<C^   rR-PTT'OM  '    ^^ 

prepared  from  anisaldehyde  and  f^alicylamide  similarly  to  the  phenyl 
compound,  and  is  in  every  respect  analogous  to  the  latter.  It  crys- 
tallises from  alcohol  in  fine  prisms,  which  melt  at  166 — 167°;  it  is 
slightly  soluble  in  cold  alcohol  or  cold  benzene,  readily  so  in  chloroform, 
hot  alcohol,  or  hot  benzene  : 

01&91  gave  8'7  c.c.  moist  nitrogen  at  15°  and  762  mm.     N  =  5"40. 
Cjr^HjgOgN  requires  N  =  5'49  per  cent. 

The  acetyl  derivative  resembles  the  corresponding  phenyl  compound 
in  all  its  properties.  It  crystallises  from  alcohol  in  well-defined  pri.sms 
which  melt  at  91°: 

0-3928  gave  16  4  c.c.  moist  nitrogen  at  11°  and  770  mm.  N  =  5-04. 
Cj^H^j^O^N  requires  N=4"72  per  cent. 

Benzylidenebis-o-methoxyhenzaviide,  CgH5'CH!(NH'C0'CgH^'0Me).>. 

This  compound  was  prepared  chiefly  to  compare  its  properties  with 
those  of  the  cyclic  condensation  products.  It  is  obtained  in  a  similar 
manner  by  the  action  of  two  molecular  proportions  of  the  amide  on 
one  and  a  half  molecular  proportions  of  the  aldehyde,  in  presence  of 
hydrochloric  acid  as  the  condensing  agent. 

It  crystallises  in  fine  needles  which  melt  at  156°;  it  is  slightly  soluble 
in  cold  alcohol  or  cold  benzene,  readily  so  in  both  solvents  on  heating, 
and  is  also  readily  soluble  in  chloroform  : 

0-3032  gave  19-7  c.c.  moist  nitrogen  at  20°  and  754  mm.  ISr  =  7-37. 
C.23H22O4N2  requires  N  =  7'18  per  cent. 

This  benzylidene  compound  is  much  more  stable  towards  alkalis  than 
the  oxazones,  being  only  decomposed  into  its  constituents  by  boiling 
with  a  concentrated  solution  of  alkali  hydroxide  ;  it  is  also  somewhat 
more  stable  towards  dilute  mineral  acids.  Heated  with  acetic  anhy- 
dride, it  is  neither  acetylated  nor  decomposed,  the  unchanged  product 
(m.  p.  156°)  being  recovered. 

Chemistry  Departmext, 

The  Sir  John  Cass  Technical  Institute, 

Aldgate. 
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XXVII. — The  Condensation  of  Diethylmalonamide  luith 

Aldehydes. 

By  Harry  Burrows  and  Charles  Alexander  Keane. 

Diethylmalonamide,  when  heated  with  benzaldehyde  in  presence  of 
hydrochloric  acid,  condenses  to  form  a  compound  in  which  one  mole- 
cular proportion  of  the  amide  reacts  with  one  of  the  aldehyde,  as  in  the 
condensation  of  salicylamide  with  benzaldehyde  (compare  Keane  and 
Nicholls,  preceding  paper).  The  same  compound  is  formed  by  heating 
diethylmalonamide  with  benzylidene  chloride.  The  condensation  is 
therefore  regarded  as  taking  place  according  to  the  following 
eciuations  : 

^^^-<Co'nHH  +  <^v^HPh    =    CEt.<^^;^g>CHPh  +  H,0, 

CEt2<^^;™;|g  +  CI2:  CHPh   =    CEt2<^^;^^>CHPh  +  2HC1. 

with  the  formation  of  a  cyclic  compound  of  the  pyrimidine  group, 
4  :  6-diketo-2-phenyl-5  :  5-diethylhexahydropyrimidine.  Cinnamalde- 
hyde  reacts  similarly.  Both  compounds  form  diaeetyl  derivatives  on 
heating  with  acetic  anhydride ;  they  are  stable  towards  dilute  mineral 
acids,  but  are  gradually  decomposed  when  heated  with  dilute  alkali. 

This  condensation  differs  from  that  of  diethylmalonamide  with 
formaldehyde  (Einhorn,  Annalen,  1905,  343,  272)  which  yields  only 
the  open  ch  dn  compound  A^-dimethyloldiethylmalonamide, 

CEt2(CO-XH-CH,-OH)2, 
and  not  the  closed  chain  derivative  methylenediethylmalonamide, 

CEt2<CQQ.-|^jj>CH2- 

Chloral  also  reacts  with  diethylmalonamide,  but  forms  an  addition 
compound  only,  not  a  condensation  product. 

The  application  of  this  reaction  to  the  condensation  of  diethyl- 
malonamide with  other  aldehydes  and  to  that  of  aldehydes  with  the 
amides  of  other  dibasic  acids  is  under  investigation. 

Experimental. 
4  :  6-Diketo-2-phenyl-5  :  6-diethylhexahydropyrimidine, 
CEt2<^'g:^g>CHPh. 

One  molecular  proportion  of  diethylmalonamide  and  a  little  more  than 
one  molecular  proportion  of  benzaldehyde  together  with  a  few  drops  of 
concentrated  hydrochloric  acid  are  heated  on  the  oil-bath  to  150°  for 
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about  two  hours,  when  the  whole  becomes  solid.  The  product  is  wasiied 
with  ether  to  remove  the  excess  of  beozaldehyde  and  the  residue 
purified  by  crystallisation  from  alcohol.  The  condensation  can  also  be 
carried  out  in  alcoholic  solution. 

Tlie  preparation  from  benzylidene  chloride  and  diethylmalonamide 
is  effected  by  heating  molecular  proportions  of  the  two  substances 
together  until  the  evolution  of  hydrochloric  acid  ceases. 

The  condensation  product  crystallises  from  alcohol  in  prisms  which 
melt  at  262°.  It  is  sparingly  soluble  in  all  the  ordinary  solvents, 
insoluble  in  light  petroleum,  and  moderately  soluble  in  hot  alcohol  : 

0-2042  gave  0-5106  CO.,  and  0-1372  H,0.     C  =  68-19  ;  H  =  7-46. 
0-2436     „     23-4  c.c.  moist  nitrogen  at  11°  and  771  mm.    N  =  ll-61. 
CiJIis02N"o  requires  C  =  68-29  ;  H  =  7-31  ;  N  =  11-38  per  cent. 

It  is  not  altered  wlien  boiled  with  dilute  hydrochloric  acid,  but  is 
gradually  decomposed  into  its  constituents  when  boiled  with  dilute 
sodium  hydroxide  solution. 

4  :  6-Diketo-l  :  o-diaceti/l-'l-pheni/l-Q  :  5-diethylhexahi/dropyrimidine, 

is  prepared  by  heating  the  above  compound  with  excess  of  acetic 
anhydride.  It  crystallises  from  light  petroleum  in  prisms  wliich  melt 
at  147°;  it  is  readily  soluble  in  chloroform,  benzene,  or  hot  alcohol  : 

0'3662  gave  27*3  c.c.  moist  nitrogen  at  14°  and  765  mm.     ISr  =  8-81. 
^is^22*-^4-'^2  I'equires  N  =  8-48  per  cent. 

When  treated  with  cold  concentrated  sulphuric  acid,  the  acetyl 
groups  are  removed  and  the  original  pyrimidine  regenerated  (m.  p. 
262°). 

4  :  Q  B iketo-2-cinnamyl-5  : 6-diethylhexahydropyrimidine, 

CEt,<^^;^g>OH.CH:CHPh, 

is  prepared  similarly  to  the  phenyl  compound.  It  crystallises  from 
alcohol  in  needles  which  melt  at  241°  ;  it  is  readily  soluble  in  hot 
alcohol,  acetone,  or  chloroform,  sparingly  so  in  ether,  and  fairly  soluble 
in  hot  benzene  or  hot  ethyl  acetate  : 

0-1986  gave  0-5108  CO2  and  0-1392  Hp.     C  =  70-15  ;  H  =  7-78. 
0-4888     „     44-5  c.c.  moist  nitrogen  at"  16°  and  761  mm.    N=  10-64. 
C16H20O0N2  requires  C  =  70-58  ;  H  =  7-35  ;  N  =  10-29  per  cent. 

The  divei'gence  of  the  above  data  from  the  theoretical  values  is  due 
to  the  difficulty  of  removing  the  last  traces  of  diethylmalonamide  from 
the  condensation  product. 

The  cinnamyl  compound  resembles  the  phenyl  compound  in  its 
behaviour  towards  acids  and  alkalis. 
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The  diacelyl  derivative  melts  at  125°;  it  i.s  readily  soluble  in  ether, 
chloroform,  benzene,  or  hot  alcohol  : 

0'2330  gave  15*4  c.c.  moist  nitrogen  at  14°  and  763  mm.     N  =  781. 
C20H24O4N2  requires  1^  =  7*36  per  cent. 

Chloraldiethyhnalonainide,  CEto(CO'NHo)2,C'Cl3*CHO,  is  obtained 
by  heating  molecular  proportions  of  the  amide  and  chloral  hydrate 
together  with  a  few  drops  of  concentrated  hydrochloric  acid  on  the 
water-bath  for  two  hours.  When  crystallised  from  hot  alcohol  it  forms 
colourless  prisms  which  melt  at  178°;  it  is  fairly  soluble  in  hot  water 
or  ether,  readily  so  in  acetone  or  hot  alcohol  : 

0-2320  gave  190  c.c.  moist  nitrogen  at  18°  and  754  mm.     N  =  9-38. 

0-2468     „     0-3480  AgCl.     01  =  34-97. 

CjHjgOgNgClg  requires  N  =  9-15  ;  CI  =  34-85  per  cent. 

It  is  quite  stable  towards  boiling  water  or  hot  dilute  hydrochloric 
acid. 

Chemistry  Department, 

The  SrR  John  Cass  Technical  In'stitute, 

Aldgate. 


XXVIII. — Tlie  Constitution  of   Umhellulone.     Part   II. 
The  Reduction  of  Umhellulonic  Acid. 

By  Frank  Tutin. 

In  a  previous  communication  on  the  constitution  of  umbellulone 
(Trans.,  1906,  89,  1104)  it  was  shown  that  this  ketone  is  most  prob- 
ably represented  by  the  following  formula  : 

CHg — CH CO 

I  CHa'CHMe     |  • 

CH— CMe==CH 
It  followed  from  this   that  umbellulonic  acid,  obtained  by  the  oxida- 
tion of  umbellulone  with  potassium  permanganate,  is  represented  by 
the  formula  : 

^  ^CHo — CHAc    • 

The  correctness  of  these  conclusions  could  not  at  that  time  be  con- 
firmed by  direct  experimental  evidence,  but  this  has  now  been 
accomplished. 

Umbellulonic  acid,  C^H-^^O^,  has  been  submitted  to  the  reducing 
action  of  sodium  and  alcohol,  when  a  hydroxy-acid  having  the  formula 
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C.iHjgOg  was  produced,  and  this  readily  gives  a  lactone  (b,  p.  246 — 248°  ; 
[a]],  -  13-54°)  having  the  formula,  C.^Hj^.O.,.  It  is  evident,  therefore, 
that  the  closed  ring  contained  in  uinhellulonic  acid  had  been  opened 
during  the  reduction  by  the  addition  of  two  atoms  of  hydrogen.  The 
hydroxy-acid  obtained  must  therefore  be  a  chain  compound. 

This  hydroxy-acid,  in  the  form  of  its  potassium  salt,  is  stable  to- 
wards cold  permanganate  in  neutral  solution,  and  the  keto-acid 
corresponding  to  it  could  not  be  obtained.  When,  however,  it  is 
treated  with  permanganate  in  presence  of  an  excess  of  alkali,  it  under- 
goes oxidation  with  the  formation  of  acetic  and  isopropylsuccinic 
acids. 

In  the  previous  communication  {loc.  cit.)  it  was  shown  that  umbellu- 
lonic  acid  must  contain  either  a  methylpentamethylene  or  a  dimethyl- 
tetramethylene  ring.  Tliei-e  are  only  two  keto-acids  containing  either 
of  these  rings  that  ax-e  also  capable  of  giving  on  reduction  a  hydroxy- 
acid,  which,  by  subsequent  oxidation,  would  yield  acetic  and  isopropyl- 
succinic  acids,  namelj,  those  possessing  the  following  formulae  : 

av..cH<^;;..^§i;L         co,i.cK<-;5icnAe. 
I.  II. 

Each  of  these  acids  would  give,  by  the  opening  of  the  ring  on  reduc- 
tion at  the  place  indicated  by  the  dotted  line,  S-hydroxy-a-isopropyl-w- 

hexoic  acid,  CH3-CH(OH);CH2-CH2-CH(C02H)-CHMe2,  and  this  acid 

by  undergoing  oxidation  at  the  position  indicated,  would  yield  acetic 
and  isopropj^succinic  acids.  The  product  of  the  reduction  of 
umbellulonic  acid  must  therefore  be  \-Z-hydroxy-a-isopropyl-n-hexoic 
acid. 

Formula  II  represents  the  pinononic  acid  obtained  by  Wagner  by 
the  oxidation  of  pinene  {Ber.,  1896,  29,  881)  and  it  was  shown  in  the 
previous  communication  that  umbellulonic  acid  is  neither  identical  nor 
stereoisomeric  with  it.  Umbellulonic  acid  must,  therefore,  be  correctly 
represented  by  formula  I,  that  is,  by  the  formula  previously  assigned 
to  it. 

ExPERIMEiNTTAL. 

Formation  of  \-^- Hydroxy -a-'i&opropyl-n-hexoic  Acid. 

Fifteen  grams  of  umbellulonic  acid  wei-e  dissolved  in  100  c.c.  of 
absolute  alcohol  and  the  solution  rendered  alkaline  by  the  addition 
of  sodium  ethoxide.  Ten  grams  of  sodium  were  then  introduced  in 
small  pieces,  and,  when  this  had  dissolved,  a  further  100  c.c.  of 
alcohol,  followed  by  10  grams'  of  sodium,  were  added.  After  the 
addition  of  water,  the  greater  part  of  the  alcohol  was  removed,  and,  on 
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acidifying  the  alkaline  aqueous  liquid  thus  obtained,  an  oily  acid 
separated.  This  was  isolated  by  means  of  ether,  and  distilled  under 
120  mm.  pressure,  when  it  was  evident  that  lactone  formation  ensued, 
as  a  considerable  quantity  of  water  was  eliminated.  The  distillate  was 
dissolved  in  ether,  freed  from  any  traces  of  acids  by  means  of  sodium 
carbonate,  and  the  ethereal  liquid  washed,  dried,  and  evaporated.  On 
distilling  the  residual  oil  under  the  atmospheric  pressure  it  was 
found  to  boil  from  246 — 248°,  and  amounted  to  11*3  grams  : 

0-1092  gave  0-2776  CO2  and  0-0982  H.O.     0  =  69-3;  H=10-0. 

0-1163     „     0-2951     „"    „    0-1049  HgO.     0  =  69-2  ;  H  =  10-0. 

00992     „     0-2514     „      „    0-0893  HgO.     0  =  69-1  ;  H  =  10-0. 
OgHjyOo  requires  0  =  69-2  ;  H  =  10-2  per  cent. 

This  substance,  as  has  been  shown  in  the  introductoi-y  portion  of 
this  paper,  is  the  lactone  of  Vh-hydroxya-isojjrojvjl-n-hexoic  acid  ;  it  is  a 
colourless,  mobile  liquid,  possessing  a  pleasant  odour  : 

0-5229  dissolved  in  25  c.c.  of  absolute  alcohol  gave  a^  -  0°34'  in  a 
2-dcm.  tube,  whence  [a]jj  -  13-54". 

On  boiling  this  lactone  with  a  solution  of  j^otassium  hydroxide,  the 
potassium  salt  of  the  corresponding  hydroxy-acid  was  readily  formed. 
This  has  a  Isevorotation  in  aqueous  solution,  and  when  treated  with  dilute 
sulphuric  acid  gives  ^8-hydroxy-a-isopropyl-w-hexoic  acid.  This  hydroxy- 
acid,  in  the  cold,  does  not  pass  spontaneously  into  the  corresponding 
lactone,  but  this  change  i-eadily  occurs  under  the  influence  of  heat. 

Silver  \-^-hydroxy-a-'\&opropyl-n-hexoate  crystallises  from  hot  water  in 
colourless  needles.     On  analysis  : 

0-1268  gave  0-0487  Ag.     Ag  =  38-4. 

OgHj^OgAg  requires  Ag  =  38-4  per  cent. 


Oxidation   of  l-S-Hydroxy-a-isopropyl-n-hexoic    Acid    ivith    Potassium 
Permanganate.     Formation  of  iiioProjiylsuccinic  and  Acetic  Acids. 

About  10  grams  of  the  lactone  were  dissolved  in  a  considerable 
excess  of  hot  aqueous  potassium  hydroxide,  the  solution  cooled,  and 
diluted  to  about  1-5  litres.  A  quantity  of  a  3  per  cent,  solution  of 
potassium  permanganate  equivalent  to  between  two  and  three  atomic 
proportions  of  oxygen,  was  then  added.  Oxidation  proceeded  slowly, 
but  after  some  hours  the  colour  of  the  permanganate  was  discharged. 
The  filtered  liquid  was  concentrated  to  a  small  bulk,  acidified  with 
sulphuric  acid,  and  distilled  in  steam,  when  a  quantity  (about  5  grams) 
of  the  original  lactone  slowly  passed  over.  The  distillate,  which  had 
an  acid  i^eaction,  was  i-endered  alkxline  by  the  addition  of  sodium  car- 
bonate, and  the  lactone  removed  by  means  of  ether,  after  which  the 
alkaline  liquid  was  acidified  and  again  distilled  in  steam.     The  acids 
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contained  in  the  distillate  were  converted  into  their  barium  salts,  and, 
from  the  latter,  silver  salts  were  prepared.  These  gave  some  silver 
^8-hydroxy-a-«sopropyl-7i-hexoate,  but  the  molluir  liquors  from  this 
yielded  a  salt  which,  after  recrystallisation  from  water,  was  analysed 
with  the  following  result  : 

0-1803  gave  0-1158  Ag.     Ag  =  64-2. 

CoHjOoAg  requires  Ag  =  64-6  per  cent. 

This  salt  was  thus  identified  as  si<lver  acetate. 

The  liquid  remaining  in  the  distilling  flask  after  the  first  steam  dis- 
tillation, and  which  contained  the  non-volatile  products  of  the  oxidation, 
was  repeatedly  extracted  w'ith  ether,  and  the  ethereal  liquid  washed, 
dried,  and  evaporated.  By  this  means  a  syrupy  residue  was  obtained 
which,  on  standing  for  some  time,  became  crystalline.  The  solid  acid 
thus  obtained  was  recrystallised  from  benzene,  after  which  it  melted 
at  about  117 — 118°.  When  heated  to  180"^  it  evolved  gas  and  gave  a 
strong  odour  resembling  that  of  valeric  acid,  from  which  it  appeared 
probable  that  it  contained  a  little  of  a  substituted  malonic  acid.  It 
was  therefore  heated  at  180°  until  evolution  of  gas  ceased,  after  which, 
on  standing  for  some  time,  it  slowly  solidified.  It  was  then  again 
crystallised  from  benzene,  and  was  obtained  in  tufts  of  needles,  which 
melted  sharply  at  120°. 

0-1007  gave  0-1946  CO.  and  0-0699  B.^O.     C  =  52-7  ;  H-7-7. 
CkIIj204  requires  C  =  52-5  ;  H  =  7-5  per  cent. 

0-1619  required  20-3  c  c.  of  iV^/10  NaOH  for  neutralisatiun. 
C-Hio(CO,H)2  requires  20-2  c.c. 

This  acid  had  the  same  melting  point  (120°)  as  a  specimen  of  isopvo- 
pylsuccinic  acid  obtained  from  Prof.  Crossley,  and  was  evidently  identi- 
cal with  it,  as  a  mixture  of  the  two  preparations  also  melted  at  the 
same  temperature.  For  the  purpose  of  confirming  the  identity  of  the 
solid  acid  (obtained  by  the  oxidation  of  ^-8-hydroxy-a-tsopropyl-?t-hexoic 
acid)  with  isopropylsuccinic  acid,  the  remaining  quantity  of  the  former 
was  converted  into  the  ammoniiim  salt,  and  this  heated  at  160°  for  four 
hours.  In  this  way  an  imide  was  obtained  which  crystallised  from 
water  in  plates  melting  at  62°,  and  a  mixture  of  this  substance  witli 
(aupropylsuccinimide  also  melted  at  this  temperature. 

TuE  AVjiLLco.M2  Chemical  Research  Labokatokie.s, 
London,  E.G. 
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XXIX. — The  Reduction  of  Hydroxylaminodihydro- 
umhelluloneoxime. 

By  Fkank  Tutin. 

It  was  shown  by  Power  and  Lees  (Trans.,  1904,  85,  636)  that  when 
umbellulone  is  treated  with  an  excess  of  hydroxylamine  in  alcoholic 
solution,  hydi'oxylaminodihydroumbellulqneoxime  is  formed.  The 
present  author  has  submitted  this  compound  to  the  reducing  action  of 
sodium  and  alcohol  with  the  object  of  ascertaining  the  properties  of 
the  resulting  basic  product,  and  whether  it  consisted  of  a  single 
substance  or  a  mixture  of  optic  tl  isomerides,  such  as  had  been 
observed  to  be  formed  by  the  reduction  of  Z-inethoneoxime  (Tutin  and 
Kipping,  Trans.,  1904,  85,  65). 

It  has  been  shown  (Lees,  Trans.,  1904,  85,  644)  that  when 
bromodihydroumbellulone  is  reduced  with  sodium  and  alcohol,  and 
that  when  umbellulone  itself  is  submitted  to  this  treatment  (Tutin, 
Trans.,  1906,  89,  1118),  one  of  the  closed  rings  contained  in  the 
umbellulone  molecule  is  opened  by  the  addition  of  two  atoms  of 
hydrogen.  In  the  preceding  paper  ("  The  Constitution  of  Umbellulone. 
Part  II.")  it  is  shown  that  a  similar  opening  of  the  ring  occurs  when 
umbellulonic  acid  is  reduced  by  the  same  reagent.  It  would  therefore 
appear  that  the  capability  of  addition  of  two  atoms  of  hydrogen  on 
treatment  with  sodium  and  alcohol  is  a  property  of  that  ring  contained 
in  the  umbellulone  molecule  which  is  also  present  in  umbellulonic  acid. 
Taking  this  into  consideration,  it  would  appear  probable  that 
hydroxylaminodiiiydroumbelluloneoxime  would  on  reduction  give 
aminotetrahydroumbelluljlamine,  and  not  aminodihydroumbellulyl- 
amine,  as  might  have  been  expected.  The  difference  in  the  percentage 
composition  of  the  respective  salts  and  derivatives  of  these  two  bases 
is  very  small,  and,  from  the  results  afforded  by  the  analysis  of  the 
dihydrochloride,  dibenzoate,  and  dibenzoyl  derivative  of  the  base 
obtained,  it  is  impossible  to  say  with  certainty  whether  the  latter  has 
the  formula  (J^yB[oo^2  °^'  ^10^22^2-  Considering  all  the  facts,  how- 
ever, it  is  most  probable   that   it   is   aminotetrahydroumbellulylamine, 

^10^22^2- 

It  has  been  shown  (Trans,,  1906,  89,  1105,  and  preceding  paper) 
that  umbellulone  possesses  a  constitution  represented  by  the  following 
formula  : 

CII., CII CO 

jx^CHa'CHMe     |      . 

CH- cj^xe  —  CH 
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Hydroxylaminodihydroumbelluloneoxime,  being  analogous  in  its 
properties  to  hydroxylaminodihydrocarvoneoxime  {Ber.,  1898,31,  1810), 
will  therefore  be  represented  by  the  following  formula  : 

cii^ — cn c:n-oh 

lyCIIg-CIIMe  I 
(JIl-CMe(NH-0Il)-(JH2 
If,  as  appears  probable,  the  opening  of  the  ring  on  the  reduction 
of  this  compound  takes  place  at  the  same  point  as  in  umbellulonic 
acid  when  reduced  {loc.  cit.),  namely,  at  the  point  indicated  by  the 
dotted  line,  then  aminotetrahydroumbellulylamine  will  be  1  :  3-diamino- 
1  -^iiethyl-4:-iso2yropylcyc\ohexane  ( \- amino menthylamine), 

NH2-CMe<^^2^^(^J^)>CH-CHMe2. 

Aminoleti'ahydroumhellulylamine  is  a  liquid  (b.  p.  136 — 138°/50mm.) 
possessing  a  not  very  marked  basic  odour.  It  dissolves  in  water  with 
the  development  of  heat,  and  has  a  specific  rotatory  power,  calculated 
from  that  of  its  dihydrochloride,  of  -  18'8^  The  sulphate  and 
Reychler's  d-camphorsulphonate  were  prepared  from  it,  but  were  found 
to  be  uncrystallisable,  deliquescent  syrups.  Aminoletrahydro- 
uinbellulylamine  dibenzoate  crystallises  in  needles  which  melt  at 
212 — 213°;  the  dihydrochloride  also  forms  needles,  but  it  is  in- 
fusible at  305°,  Dibenzoylaminotetraliydroumbellulylamine  crystal- 
lises in  prisms  or  in  leaflets,  which  melt  at  194°. 

Experimental. 

The  hydroxylaminodihydi'oumbelluloneoxime  used  in  this  investiga- 
tion was  prepared  as  follows.  A  concentrated  aqueous  solution  of 
hydroxylamine  hydrochloride  (62  gi'ams)  was  mixed  with  a  solution 
of  sodium  ethoxide  (prepared  by  dissolving  20  grams  of  sodium  in 
300  c.c.  of  alcohol),  and  34  grams  of  umbellulone  were  added.  The 
mixture  was  boiled  for  two  hours,  and  the  greater  part  of  the  alcohol 
removed  by  distillation.  After  dilution  with  water  the  mixture  was 
acidified  with  sulphuric  acid.  The  undissolved  oil  was  subsequently 
removed  by  extraction  with  ether,  after  which  the  acid  aqueous  liquid 
was  rendered  alkaline  by  the  addition  of  sodium  carbonate,  and  the 
hydroxylamino-oxime  isolated  by  means  of  ether.  The  yield  was 
35  grams. 

AmhiotetraJiydroumbeUidylamine,  (J-^^^^-i^^- — The  hydroxylamino- 
dihydroumbelluloneoxime,  prepared  as  described  above,  was  dissolved 
in  600  c.c.  of  absolute  alcohol,  and  60  grams  of  sodium  introduced  in 
small  pieces.  The  mixtui-e  was  not  cooled,  but  allowed  to  boil 
vigorously.  After  all  the  sodium  had  dissolved,  the  whole  was 
distilled  with   steam  as  long  as  the  condensed   liquid  had  an  alkaline 
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reaction.  The  distillate,  which  contained  some  oil,  was  collected  in 
hydrochloric  acid,  but  the  oil  did  not  dissolve.  When  the  distillation 
was  complete,  the  entire  acidified  distillate  was  evaporated  to  a  small 
bulk  and  freed  from  a  small  amount  of  non-basic  oil  by  means  of 
ether.  The  concentrated  acid  liquid  was  then  made  strongly  alkaline 
by  the  addition  of  potassium  hydroxide,  when  an  oily  liquid 
separated.  This  was  extracted  with  ether,  the  ethereal  liquid  washed 
with  a  little  water,  and  dried  with  anhydrous  potassium  carbonate. 
On  removing  the  ether,  the  base  was  obtained  as  a  colourless  liquid, 
which,  on  distillation  under  50  mm.  pressure,  boiled  between  136°  and 
138°.  The  substance  was  not  quite  pure,  but  contained  a  very  small 
quantity  of  another  base.  The  whole  of  the  distillate  was,  therefore, 
dissolved  in  a  slight  excess  of  dilute  sulphuric  acid,  when  a  crystalline 
sulphate  separated  which  was  practically  insoluble  in  cold  water. 
This  was  collected,  but  amounted  only  to  0"2  gram  ;  it  melted  at  199°. 
The  filtrate,  which  contained  the  aminotetrahydroumhellulylainine 
sulphate,  was  concentrated  in  a  vacuum,  but  did  not  crystallise,  and 
the  base  was  therefore  again  liberated. 

Aminotetrahydroumbellulylamine  is  a  liquid  which  readily  absorbs 
carbon  dioxide  from  the  atmosphere.  When  mixed  with  about  an 
equal  quantity  of  water,  considerable  heat  is  developed  and  a 
homogeneous  liquid  is  obtained,  but  on  the  addition  of  a  little 
more  water  an  oil  separates,  which,  however,  is  redissolved  on  further 
dilution. 

Aviinotetrahydroumhellulylamine  DihydrocJiloride,  C^q ]3l^^ .2,2^0\. — 
A  portion  of  the  base  was  dissolved  in  water,  and  dilute  hydrochloric 
acid  added  until  the  liquid  had  an  acid  reaction.  As  it  was  found 
that  dissociation  occurred  when  this  solution  was  heated,  it  was  con- 
centrated in  a  vacuum  over  sulphuric  acid,  when  it  eventually  formed 
a  hard,  partly  crystalline  mass.  This  was  dissolved  in  boiling  alcohol 
and  the  solution  concentrated,  after  which  the  dihydrochloride 
separated  in  colourless  prisms,  which,  when  heated  to  305°,  did  not 
melt  but  slowly  decomposed  : 

0-1071  gave  0-1940  CO,  and  00924  H2O.     0  =  49-4;  H  =  9-6. 

0-2489      „     25-0  c.c.  of  nitrogen  at  22°  and  760  mm.     N  =  11-4. 

0-1389     „     0-1637  AgCl.     01=29-1. 

0-1051      „     0-1188  AgOl.     01  =  29-0. 
OioH2oN2,2H01  requires  0  =  49-8;  H  =  9-l ;  N=  11-6;  01  =  29-4  per  cent. 
OioH22N2,2H01       „        0  =  49-4;  H  =  9-9;  N  =  11-5;  01  =  29-2    „     „ 

The  optical  rotation  of  the  dihydi'ochloride  was  determined  in 
absolute  alcohol  and  in  water  : 

0-4086  dissolved  in  25  c.c.  of  absolute  alcohol  gave  ar,  -  0°  42'  in  a 
2-dcm.  tube,  whence  [aju  -  21-41°. 

VOL.    XCI,  U 
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0'4086  dissolved  in  25  c.c.  of  water  gave  ou  -  0°  26' in  a  2-dcin, 
tube,  whence  [a]^  -  13"25°.  The  specific  rotatory  power  of  the  base, 
calculated  from  that  of  the  dihydrochloride  is  [ciJd  —  18  8°. 

Aminotetrahi/droumhellulylamine  dihi/drochloride  dissolves  in  water 
with  great  readiness  ;  it  is  moderately  soluble  in  alcohol,  and  almost 
insoluble  in  ethyl  acetate.  In  a  mixture  of  ethyl  acetate  and 
alcohol  it  dissolves  more  readily  in  the  cold  than  when  heated. 

Aminoletrahydroumhelluhjlamine  IJibenzoaie,  C-^qH.,,.2^ ^-'^C^HfX).^. — To 
an  aqueous  solution  of  the  base,  a  slight  excess  of  benzoic  acid  was 
added,  and  on  evaporation  in  a  vacuum  over  sulphuric  acid  a  hard 
crystalline  mass  was  obtained.  This  was  dissolved  in  boiling  alcohol, 
and  the  liquid  concentrated,  after  which  the  salt  separated  in  colourless 
prisms  which  melted  at  212 — 213°,  and  this  melting  point  was  not 
altered  by  further  crystallisation  : 

0-1042  gave  0-2660  CO.^  and  0-0755  il.p.     C  =  69-6  ;  H  =  8-1. 
CioHooN.^,2C7lI/).,  requires  C  =  69-9  ;  H  =  7-7  per  cent. 
CioH2,N2,2C,H,0,;         „       C  =  69-5  3H  =  8-2    „     „ 

The  optical  rotation  of  the  dibenzoate  was  determined  in  water  and 
in  absolute  alcohol.  0  4244,  dissolved  in  25  c.c.  of  absolute  alcohol,  gave 
ttD  -0°  18'  in  a  2-dcm.  tub',  whence  [a]o-  8-83°.  0-4244,  dissolved 
in  25  c.c.  of  water,  gave  ai,  -  0°  15'  in  a  2-dcm.  tube,  whence 
[aJo-7"36°.  The  specific  rotation  of  the  base,  calculated  from  that 
of  its  dibenzoate,  is  [a]„  -  17  9°. 

A  quantity  of  the  dibenzoate  was  fractionally  crystallised  from 
alcohol,  but  all  the  crops  of  crystals  obtained  were  indentical  and  had 
a  uniform  melting  point  of  212 — 213°. 

Dihenzoylaminotetrahydroumhellulylamine,  CjQH.^QlSro(CO*CgH5)2. — 
The  base  obtained  fi-om  either  the  pure  dibenzoate  or  the  pure 
dihydrochloride,  when  brnzoylated  by  means  of  the  Schotten-Baumann 
method,  gave  a  product  which,  when  crystallised  from  alcohol,  melted 
at  194°.  On  fractional  crystallisation  this  was  found  to  be 
homogeneous. 

0-0990  gave  02762  00^  and  0-0691  11,0.     0  =  76-1  ;  H  =  7-8. 

0-2642      „     16-6  c.c.  of  nitrogen  at  20°  and  776  mm.     N  =  7-3. 
CioHigN.3(CO-C6H-,).,  requires  0  =  76-6  ;  H  =  7-4;  N  =  7-4  per  cent. 
G,oHooNo(00-Gyi,');        „        0  =  76-2;  H  =  7-9;  N  =  7-4    „     „ 

The  optical  rotation  of  the  di benzoyl  derivative  was  determined  in 
chloroform  solution.  0-5379,  dissolved  in  25  c.c.  of  chloroform,  gave  a^ 
-t-5°3'  in  a  2-dcm.  tube,  whence  [a]t,  + 117-3°. 

DihenzoylaminotetrahydrotunheUidylamine  is  readily  soluble  in 
chloroform  and  nearly  insoluble  in  water.  When  crystallised  from 
absolute  alcohol,  in  which  it  is  moderately  soluble,  it  separates  in  short 
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stout  prisms,  but  from  dilute  alcohol   it   is   obtained   in   long  leaflets ; 
occasionally  both  forms  of  crystals  are  simultaneously  deposited. 

As  the  most  readily  soluble  portions  obtained  by  the  fractional 
crystallisation  of  the  dibenzoate  and  the  dihydrochloride  did  not  crys- 
tallise with  facility,  the  base  ^vhich  they  contained  was  benzoylated  and 
the  resulting  dibenzoyl  derivative  submitted  to  a  systematic  process  of 
fractional  crystallisation.  The  only  substance  which  could  be  obtained 
in  a  state  of  purity  from  this  was  the  dibenzoyl  derivative  melting  at 
194°,  and  this  represented  by  far  the  greater  part  of  the  material. 
Nevertheless,  the  two  most  readily  soluble  fractions  were  oily  in 
character,  and  were  evidently  mixtures,  as  they  could  only  with 
difficulty  be  induced  to  crystallise.  The  substances  contained  in  these 
mixtures,  other  than  the  benzoyl  derivative  described,  were  probably 
benzoyl  derivatives  of  bases  stereoisomeric  with  aminotetrahydro- 
umbellulylamine,  but  they  were  present  in  so  small  an  amount  that 
their  isolation  was  impossible  without  employing  a  very  much  larger 
quantity  of  material  than  was  available. 

The  Wellcome  Chemical  Research  Labokatorie.s, 
Lo^■DON,  E.G. 


XXX. — Some  Constituents  of  Natural  Indigo. 
Part  I. 

By  Arthuk  George  Perkin  and  W.  Popplewell  Bloxam. 

It  is  well  known  that  natural  indigo  contains,  in  addition  to  indigotin 
and  indirubin,  certain  impurities  such  as  indigo-brown,  indigo-gluten, 
mineral  matter,  and  frequently  traces  of  kaempferol.  Indigo-brown 
and  indigo-gluten  have  been  but  little  examined,  for  not  only  do  they 
possess  a  somewhat  uninviting  nature,  but  their  general  reactions  do 
not  indicate  any  points  of  special  interest.  The  present  work  has 
originated  from  a  desire  to  improve  the  present  methods  of  indigo 
analysis,  and  this  it  appeared  could  only  be  accompli.shed  by  the  isola- 
tion and  subsequent  examination  of  the  properties  of  these  impurities. 
As  a  result,  a  new  analytical  method  has  been  devised,  termed  the 
"  tetrasulphonate  "  process,  and  a  description  of  this  has  .already  been 
given  by  one  of  us  (./.  Soc.  Chem,.  lad.,  lOOfi,  25,  735).  In  connexion 
with  indigo-brown,  the  subject  of  this  paper,  it  was  important  to 
determine  if  any  relationship  existed  between  this  substance  and 
indigotin   itself,   for  should  such  be  the  case,  an  explanation    could 

u-2 
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thus  be  suggested  as  to  the  somewh.at  unsatisfactory  yields  of  indigo 
which  are  obtained  from  the  plant. 

Literature  on  the  subject  of  indigo-l)rovvn  is  extremely  meagre,  and 
appears  to  be  confined  to  the  communications  of  Chevreul  (Gmelin, 
Handbook  of  (J hem.,  1859,  13,  48)  and  ]3erzelius  {ibid.).  In  order 
to  isolate  this  product,  the  latter  chemist  digested  powdered  indigo 
with  boiling  dilute  sulpluiric  acid  to  remove  the  ghiten,  and  sub- 
sequently with  potassium  hydroxide  solution  to  dissolve  the  brown. 
The  alkaline  liquid  was  neutralised  with  acetic  acid,  evaporated  to  dry- 
ness, the  residue  digested  with  boiling  alcohol,  and  the  solution 
evaporated.  Thus  obtained,  the  indigo-brown  consisted  of  a  dark 
coloured,  transparent  resin,  sparingly  soluble  in  alcohol,  but  readily  so 
in  alkaline  solutions.  It  contained  nitrogen,  and  on  dry  distillation 
evolved  ammonia  together  with  some  quantity  of  an  empyreumatic  oil. 

Schunck,  during  his  well-known  researches  on  indican,  prepared 
from  this  substance  by  means  of  dilute  acids  {Phil.  Mag.,  1855,  [iv], 
10,  74,  and  ibid.,  1858,  15,  127)  various  brown,  amorphous  products, 
for  example,  a-indifulvin,  C22H.,q03N.,  ;  /3-indif ulvin,  C44H3<,03N4  ;  indi- 
fuscin,  C.jH.^oO^N., ;  indifuscone,  C.^jHooOgNo  ;  indiretin  (C  =  66-04; 
H  =  5-57  ;  N  =  3'83)  ;  and  indihumin,  CjoH^^O^N. 

The  latter  compound  Schunck  considered  was,  perhaps,  identical 
with  indigo-brown,  and  described  it  as  a  brown  powder  insoluble  in 
water  and  alcohol,  but  soluble  in  alkalis.  With  nitric  acid  it  gave  an 
orange-yellow,  amorphous  product. 

Somewhat  later,  Schunck  and  Eoemer  {Ber.,  1879, 12,  2311)  studied 
the  action  of  hydrochloric  acid  on  indican  in  the  absence  of  air.  Indi- 
gotin  was  not  formed,  but  a  brownish-yellow  precipitate  cjuickly 
separated,  which  was  partly  soluble  in  alkali.  Experiments  carried 
out  with  the  object  of  converting  this  product  into  indigotin  were 
unsuccessful, 

EXPERIM  ENTAL. 

Finely  powdered  cru'le  Bengal  indigo  containing  approximately  62 
per  cent,  of  indigotin  was  digested  with  boiling  dilute  hydrochloi'ic 
acid  to  remove  the  gluten,  during  which  operation  it  lost  21 '5  percent, 
in  weight.  Experiment  showed  that  pyridine,  probably  the  only  suit- 
able solvent  for  this  purpose,  readily  extracted  indigo-brown  from  the 
residue,  and  that  for  this  object  merely  a  short  digestion  at  the  boil- 
ing point  was  necessary.  After  cooling,  the  mixture  was  filtered  and 
the  residue  washed  witli  cold  pyridine  as  long  as  the  filtrate  possessed 
a  brownish-red  colour,  the  final  washings,  which  contained  a  trace  of 
indigotin,  being  neglected.  In  this  manner  the  indigo  suffered  a 
further  loss  of  18'03  per  cent.,  and  was  then  found  to  contain  91*1  per 
cent,  of  indigotin. 
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Tiie  pyridine  filtrate  was  evaporated  to  a  small  bulk,  and  while  hot 
was  treated  with  twice  its  volume  of  alcohol,  causing  the  separation 
of  a  brown  precipitate,  which  was  collected  and  repeatedly  washed 
with  boiling  alcohol.  As  the  final  washings  possessed  a  reddish  tint, 
an  indication  of  the  presence  of  indirubin,  the  product  was  again  dis- 
solved in  pyridine  and  reprecipitated  with  alcohol,  but  as  this  did  not 
appear  to  effect  a  complete  separation  of  the  impurity  it  was  extracted 
with  boiling  acetic  acid  until  an  almost  colourless  filtrate  was  pro- 
duced. An  analysis  of  the  substance  now  revealed  the  presence  of 
about  4  per  cent,  of  mineral  matter,  and  this  could  only  be  success- 
fully removed  by  adding  its  solution  in  pyridine  to  hot  dilute  hydro- 
chloric acid.  The  precipitate  was  collected,  washed  with  dilute  acid, 
thea  with  water,  and,  finally,  again  extracted  with  acetic  acid  and  dried 
at  100°.  Before  analysis  it  was  heated  to  160°,  and  in  this  manner 
frequently  lost  10  per  cent,  by  weight. 

Found,    C  =  68-47,   6853,  68-34,    6846;   H-4-18,  4-13,    4-30,—  ; 
N  =  9-95,  9-84. 
C16H12O3K0  require.^  C  =  68-57.     H  =  4-28  ;  N  =  10-0  per  cent. 

In  carrying  out  the  nitrogen  estimations  of  this  and  the  other 
brown  compounds  referred  to  in  this  paper,  it  was  found  that  the  gas 
was  evolved  much  more  slowly  than  is  usually  the  case,  fully  one  hour 
longer  being  required  for  the  operation. 

This  substance,  which  forms  the  main  constituent  of  the  pyridine 
extract,  closely  resembles  in  general  properties  the  indigo-brown  of 
Berzelius  and  the  indihumin  of  Schunck  {loc.  cit.),  and  consists  of  a 
brown  powder  insoluble  in  alcohol,  but  soluble  in  alkaline  solutions 
with  a  deep  brown  coloration.  The  figures  required  by  Schunck's 
formula,  CjoHyOsN  (C  =  62-63;  H  =  4-71  ;  N  =  7-33),  are  not  in  agree- 
ment with  those  given  above,  and  it  thus  appears  that  the  two  com- 
pounds cannot  be  identical.  On  the  other  hand,  the  fact  that  it  is 
only  completely  dehydrated  at  160°  and  the  nitrogen  ditficulty  referred 
to  above  may  possibly  account  to  some  extent  for  this  disparity.  It 
is  practically  insoluble  in  all  the  usual  solvents  with  the  exception  of 
hot  pyridine,  and  its  properties  are  of  an  uninteresting  nature.  On 
dry  distillation,  it  gives  off  yellowish-brown  vapours  having  an  alkaline 
reaction,  and  which  condense  to  form  a  small  quantity  of  oily  matter 
of  the  same  colour,  as  noted  by  Berzelius,  and  its  behaviour  with 
nitric  acid  is  in  accordance  with  the  statement  of  Schunck.  It  is  readily 
reduced  by  zinc  dust  in  alkaline  solution  with  formation  of  a  pale 
brown  liquid,  which,  on  neutralisation  with  acid,  deposits  a  precipitate 

fif  the  same  colour,  and  this  does  not  appear  to  reoxidise  on  standing 
a  air.  By  means  of  acetic  anhydride  and  sulphuric  acid  it  is  probably 
ionverted  into  an  acetyl  compound,  which  differs  but  little  in  property 
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from  the  original  substance,  except  that  it  is  less  readily  attacked  >)y 
alkaline  solutions.  With  acetic  anhydride  and  zinc  dust  the  acetyl 
derivative  of  its  reduction  product  is  certainly  formed,  and  this  con- 
sists of  a  pale  brovvii,  amorphous  powder  somewhat  readily  soluble  in 
alcohol. 

Action  of  Boiliny  Fuiasshun  Hydroxide  Solution. — 4'5  grams  of  the 
siibstance  Cj,;irj./)3N2  were  digested  with  50  c.c.  of  a  50  per  cent, 
potassium  hydroxide  solution  for  one  hour  at  the  boiling  point  in  an 
open  flask.  The  product  dissolved  with  considerable  difficulty,  and 
as  the  liquid  became  more  concentr.ited,  a  tarry  precipitate,  evidently 
consisting  of  a  potassium  f-alt,  commenced  to  separate.  The  mixture, 
diluted  with  water,  was  carefully  neutralised  with  sulphuric  acid,  and 
the  resulting  Va'own  precipitate  collected  and  washed.  It  weighed 
2-85  grams. 

The  filtrate  and  washings  were  evaporated  to  dryness,  the  mass  ex- 
tracted with  boiling  alcohol,  and  the  extract  itself  then  evaporated. 
The  crystalline  residue  was  treated  with  water,  the  solution  filtered 
from  a  trace  of  flocculent  matter,  neutralised  with  alkali  and  rendered 
faintly  acid  with  acetic  acid.  Ether  removed  from  this  liquid  a 
colourless  acid,  which  was  purified  by  crystallisation  from  benzene. 

Found,  N  =  10-22.     CVH-O.^N  requires  N -  10-21  per  cent. 

It  formed  colourless  prisms  melting  at  143 — 144°,  and  evidently 
consisted  of  anthranilic  acid. 

The  brown  residue,  2 '85  grams,  was  again  submitted  to  the  action 
of  the  boiling  alkali,  by  which  means  it  was  further  reduced  to  2*2 
grams,  a  small  quantity  of  anthranilic  acid  being  thus  produced. 
In  a  third  treatment  it  was  practically  unattacked.  These  results  are 
interesting  and  indicate  that  the  substance  CjgHjoOgNg  consists 
probably  of  a  complex  indoxyl  derivative,  which  may  be  either 
derived  fi'om  indoxyl  alone  or  result  from  its  condensation  with  some 
second  substance  derived  from  the  indigo  plant.  With  the  hope  of 
obtaining  some  further  information  on  this  point,  it  seemed  desirable 
to  determine  the  composition  of  the  brown  residue  which  was  not 
attacked  by  the  alkali. 

For  purification  the  product  was  dissolved  in  pyridine,  filtered  from 
a  trace  of  insoluble  matter,  and  the  filtrate  poured  into  dilute 
hydrochloiic  acid  and  thoroughly  washed.  For  analysis  it  was  dried 
at  160°. 

Found,  C  =  71 -39,  71-29;  H  =  4-05,  4-23;  N  =  7*94,  7-92  per  cent. 

It  would  not  be  of  value  to  speculate  as  to  the  formula  of  this 
product,  for  which  no  simple  expression  appears  to  be  available. 
It  is  interesting  to  note,  however,  that  it  contains  a  considerable 
quantity  of  nitrogen.     It  possesses  a  more  olive  tint  than  the  sub- 
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stance  Cj^HjoOgN^,  but  its  properties  are  of  a  similar  natnre.     These 
call  for  no  sjiecial  note,  and  are  of  an  uninteresting  chai^acter. 


Indiruhin. 

The  alcoholic  pyridine  filtrates  from  the  substance  Cji^Hj.jOg'N'^,  on 
partial  evaporation  and  standing,  deposited  crystals  which  were 
collected  on  the  pump,  washed  with  a  mixture  of  pyridine  and  alcohol, 
and  finally  crystallised  from  nitrobenzene,  employing  animal 
charcoal. 

Found,  0  =  72-94;  H  =  4-09;  N  =  10-72. 

^le^ioOoNg  requires  C  =  73-28  ;  H  =  3-82  ;  N  =  10-69  per  cent. 

It  formed  lonsr,  glisteninij  needles  soluble  in  boilinir  acetic  acid 
with  a  violet-red  colour,  and  had  all  the  reactions  assigned  to 
indirubin.  The  identity  of  natural  and  artificial  indirubins,  about 
which  there  was  formerly  some  controversy,  is  now  fully  established 
(Marchlewski  and  Radcliffe,  /.  Soc.  Cheia.  Ind.,  1898,  17,  434),  and 
no  difference  could  be  observed  between  the  above-mentioned  sample 
and  one  that  had  been  synthetically  prepared. 

The  amount  present  in  the  Bengal  indigos  examined  was  very  small, 
and  in  one  case  only  5  gi-ams  were  obtained  from  5  lb.  of  the 
dye-stuff.  As  a  result  of  experiments,  no  Bengal  indigo  has  been 
found  which,  when  analy.<^ed  by  the  above  method,  did  not  contain 
traces  of  indirubin. 

In  Java  indigos,  as  is  well  known,  large  quantities  of  this  substance, 
are  frequently  present,  and  this  is  due  to  certain  special  processes 
which  are  employed  during  the  manufacture  of  the  colouring  matter 
from  the  plant. 


The  more  soluble  Constituents  of  Indigo-Broum. 

The  mother  liquor  from  which  the  indirubin  had  been  removed  on 
further  treatment  with  alcohol  deposited  a  small  quantity  of  a  brown, 
amorphous  precipitate,  which  was  collected,  repeatedly  washed  with 
boiling  alcohol  and  dried.  It  was  now  digested  with  boiling  acetic 
acid,  filtered  from  insoluble  matter,  evidently  consisting  of  the  above- 
described  substance  C^j-HjoOgNo,  the  liquid  allowed  to  stand  overnight, 
and  filtered  again  if  necessary.  The  acetic  acid  solution  was  treated 
with  boiling  alcohol,  causing  the  separation  of  a  brown  precipitate, 
which  was  removed  and  well  washed  with  alcohol.  Examination  showed 
that  it  was  contaminated  with  mineral  matter,  and  it  was  therefore 
dissolved    in  pyridine,   the   solution  poured   into   dilute  hydrochloric 
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acid,  and  the  product  collected.     Allal3^';is   of  the  substance,  dried  at 
160^,  gave: 

Found,  C  =  66-13;  H  =  4-84;  N  =  9-85. 

C24H22O5N3  requires  C  =  66-66  ;  H  =  5-09  ;  N  =  9-72  per  cent. 

It  consisted  of  a  brown  powder  identical  in  appearance  with  the 
substance  CjgH^gOgN^,  but  differed  from  this  compound  in  that  it 
was  soluble  in  acetic  acid.  In  general  properties,  however,  the  two 
products  are  so  similar  that  no  detailed  account  is  necessary  in  this 
case.  The  amount  of  tliis  substance  present  in  indigo-brown  is  so 
small  that  extended  experiment  was  not  possible,  but  siifficient  was 
available  to  determine  that  on  long  digestion  with  boiling  pota.'^sium 
hydrate  solution,  anthrauilic  acid  is  formed,  and  that  the  reaction 
appears  to  follow  a  similar  course  to  that  which  was  observed  with 
the  siibstance  Cj^-HjoOgNg. 

Tlie  alcoliolic  pyridine  filtratefrom  the  compound Cg^Ho.jO^Ngdeposited 
some  crystals  of  indirubin,  Avhich  were  removed,  and  the  filti-ate  was 
treated  v\ith  alcohol.  The  precipitate  thus  formed  was  neglected,  and 
the  clear  liquid  diluted  with  its  own  volume  of  benzene  and  evaporated 
to  a  small  bulk.  On  cooling,  a  brown,  amorphous  powder  se2:)arated 
which  was  collected  and  washed  with  benzene.  Examination  showed 
that  this  product  was  contaminated  with  a  red  colouring  matter,  and 
to  remove  this  it  was  di-^solved  in  alcohol,  the  solution  poured  into 
ether,  and  the  ethereal  liquid  extracted  with  dilute  alkali.  The  brown- 
coloured  extract  was  neutralised  with  hydrochloric  acid,  the  pre- 
cipitate collected,  and  very  thoroughly  washed.  For  analysis  it  was 
dried  at  160°: 

Found,  C  =  64-86;  H  =  4-81;  N  =  9-27. 
Cj6^i AN2  requires  C  =  62-43  ;  H  =  4-69  ;  N  =  9-39  per  cent. 

This  compound,  which  is  present  in  indigo-bi'own  in. but  trifling 
amount,  consists  of  a  pale  brown,  amorphous  powder,  and  is  distin- 
guished from  the  above-described  brown  substances  by  its  ready 
solubility  in  alcohol,  and  the  fact  that  when  heated  it  gives  a 
voluminous  charcoal.  Its  general  propeities  are,  however,  so  similar 
to  the  other  brown  products  as  not  to  merit  description. 

The  alcoholic  benzene  filtrate  from  which  the  above  described  com- 
pound had  been  isolated  was  evaporated  to  dryness,  tiie  residue  dissolved 
in  ether  containing  a  trace  of  alcohol,  and  the  solution  extracted  with 
dilute  alkali  in  order  to  remove  a  small  quantity  of  brown  substance 
wh  ch  was  still  present.  The  ethereal  solution,  on  evaporation,  yielded 
a  crystalline  residue  which  was  washed  two  or  three  times  with  boiling 
light  petroleum  and  purified  by  recry,-«tallisation  from  nit:  obeuzeue. 
This  substance  was  indirubin,  which  is  evidently,  therefore,  the  only 
red   compound   present  in    the  Bengal   indigos   examined  during  the 
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progress  of  this  work.  The  statement  by  one  of  us  (W.  P.  Bloxam, 
Trans.,  1905,  87,  979)  that  indigo  contains  a  non-nitrogenous  red 
substance  cannot  thus  be  accurate,  and  arose  from  the  contamina 
tion  of  the  product  with  secondary  compounds,  which  interfered  with 
the  satisfactory  operation  of  the  well-known  qualitative  method  for 
the  detection  of  nitrogen  when  applied  to  it. 

Again,  the  statement  of  Bergtheil  {Eejwrt  of  the  Indigo  Reseurclt, 
Station,  Sirsiah,  1906),  "  Preliminary  examination  .  .  .  has  shown 
decisively  that  there  is  more  than  one  red  body  in  most  commercial 
indigos,"  is  difficult  to  understand,  at  least  as  regards  the  Bengal 
variety,  and  his  further  results  will  be  awaited  with  interest. 

The  light  petroleum  extracts  from  the  crude  indirubin  isolated  in 
the  above-described  manner  Avere  decolorised  with  animal  charcoal 
and  evaporated.  An  oily  residue  was  thus  obtained  which  became 
semi-solid  on  standing,  and  had  the  properties  of  a  wax.  The  amount 
isolated  was  minute  in  respect  of  the  quantity  of  indigo  extracted. 
By  exhausting  the  dried  leaves  of  the  Indigo/era  arrecta  and  /.  Suma- 
trana  with  boiling  alcohol,  wax-like  compounds  were  obtained  of  a 
very  similar  nature,  which,  however,  did  not  appear  to  merit  careful 
examination. 

The  investigation  of  a  samjjle  of  Java  indigo  showed  that  this  con- 
tained a  brown  product  probably  identical  with  that  isolated  from  the 
Bengal  variety,  but  in  smaller  amount.  Some  quantity  of  crystalline 
indirubin  was  also  prepared  from  it. 

Action  of  Boiling  Dilute  Acids  on  the  Leaf  Uatract. 

An  aqueous  extract  of  the  air-dried  leaf  of  /.  Sumatrana  (1000 
grams)  was  evaporated  to  dryness,  incorporated  with  sand,  and 
extracted  with  alcohol.  After  removal  of  the  alcohol,  the  residue  was 
dissolved  in  water  and  digested  at  the  boiling  point  with  10  c.c.  of 
hydrochloric  acid  for  one  hour,  and  the  mixture  then  allowed  to  stand 
overnight.  3*5  grams  of  a  dark-coloured,  resinous  product  had 
separated,  which  was  collected  and  treated  with  alcohol,  by  which 
means  a  small  quantity  of  crystalline  indigotin  (O'Oo  gram)  remained 
undissolved.  As  an  examination  of  the  aqueous  filtrate  indicated  the 
absence  of  indoxyl  or  other  substances  convertible  into  indigo  by 
oxidation,  this  result  is  fully  in  harmony  with  the  experiments  of 
Schunck  and  Ptoemer  (loc.  cit.)  on  the  action  of  hydrochloric  acid  on 
indican  in  the  absence  of  air. 

Tne  alcoholic  extract  of  the  resinous  substance  on  treatment  with 
ether  gave  a  reddish-brown  precipitate,  which  was  collected  and  well 
washed.  For  purification  it  was  treated  with  cold  alcohol,  the 
residue  dissolved  in  pyridine,  and  poured  into  dilute  hydrochloric  acid 
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witli  the  object  of  removing  a  trace  of  mineral  matter  which  adhered 
to  it  somewhat  tcnacioiiKly.  After  being  dried  at  IGC^,  it  was  found 
to  contain  N  =  5-67,  and  a  second  preparation  gave  C  =  G6*04: ; 
H  =  5-00  per  cent. 

This  product,  tliough  soniewliat  redder  in  appearance,  had  many 
]>roperties  in  common  with  the  indigo-brown  substances  described  in 
tliis  paper,  but  the  low  percentage  of  nitrogen  it  contains  shows  that 
it  is  more  closely  allied  to  the  brown  comjjounds  that  Schunck  {loc.  cil.) 
prepared  from  his  indican. 

On  the  other  hand,  as  but  a  crude  plant  extract  had  l)een  employed, 
it  was  quite  possible  that  the  brown  compounds  produced  in  this 
manner  would  be  contaminated  with  non-nitrogenous  impurities.  The 
latter  might,  for  instance,  consist  of  the  well-known  reddish-brown 
anhydrides  or  phlobophancs  which  are  obtained  when  solutions  of 
catechol-iannins  are  lioiled  with  dilute  acids,  and  this  was  quite 
possi))lc,  as  tlie  work  of  Bergtheil  (Trans.,  1904,  85,  876)  has  indicated 
the  presence  of  tannin  in  the  leaf.  To  confirm  this  point,  application 
was  made  to  Prof.  H.  R.  Procter,  who  was  kind  enougli  to  allow 
analyses  of  the  air-dried  leaves  of  Indiyofera  arrecta  and  Suviatrana  to 
l)e  carried  out  in  his  laboratory,  with  the  following  result  : 

Indigofcra  Indigofero, 

arrecta.  Hv,'niatrana. 

Taiiiiiii  matter  alisoibcd  by  liide    2'6  1'6 

Soluble  non-tannin  matters  .30'4  38'4 

Insoluble  in  water  at  15°  55"5  52'1 

AVater    ll'o  7-9 

During  these  analyses  a  considerable  amount  of  the  indican  present 
in  the  leaf  was  hydrolysed,  presumably  by  its  own  ferment,  and  the 
separated  indigotin  was  deposited  amongst  the  hide-powder.  Again, 
it  is  well  known  that  hide-powder  is  apt,  to  some  extent,  to  carry  down 
substances  other  than  tannins,  so  that  it  is  evident  that  these  varieties 
of  Indigo/era  contain  little  if  any  tannin  matter.  On  the  other  hand, 
if  a  compound  capable  of  producing,  as  is  anticipated,  non-nitrogenous 
In-own  substances  exists  in  the  leaf,  the  piesence  of  only  a  minute 
quantity  is  necessary  to  explain  the  point  under  discussion.  During 
the"isatin"  process  which  has  been  employed  by  Orchardson,  Wood, 
and  Bloxam  {loc.  cit.)  for  the  analysis  of  the  leaves,  it  was  noted  that 
in  addition  to  indjrubin  certain  brown  products  soluble  in  alkali  are 
simultaneously  formed,  but  it  has  not  yet  been  possible  to  determine 
if  these  contain  nitrogen. 

When  the  compound  CjgHj203lSr2  is  dissolved  in  an  alkaline  hydro- 
sulphite  solution,  and  the  liquid  allowed  to  stand  at  50 — 60°  even  for 
several  days,  no  indigotin  separates  on  oxidation,  so  that  the  fre- 
quently asserted  superiority  of  the  natural  over  the  artificial  variety 
of  indigo,  if  correct,  cannot  be  accounted  for  in  this  mannpr. 
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Summary. 

The  results  of  this  investigation  tend  to  strengthen  the  suspicion 
that  the  constituents  of  indigo-brown  are  deinvedfrom  indoxyl  during 
the  manufacture  of  indigo  from  the  phxnt.     The  fact  that  they   are 
partially  converted  into  anthranilic  acid  on  boiling  with  strong  alkali, 
and  that  their  carbon  percentage   composition  can  be  approximately 
represented  as  a  multiple  of  Cg,  together  with  their  high  percentage  of 
nitrogen,  harmonises  with  this  view.     On  the  other  hand,  it  suggests 
itself  as  possible  that  although  they  are  derivatives  of  indoxyl,  these 
compounds  need  not  necessarily  be  produced  during  the  manufacture, 
and  may  be  formed  from  some  substance  other  than  indican  present  in 
the  plant.     That    on  boiling    the    leaf    extract    with    dilute    acid    a 
somewhat  similar  brown  product  is  formed,  tends  at  first  sight  to  con- 
firm this  view,  but  the  question  had  then  to  be  answered  as  to  what 
becomes  of  the  indoxyl  during  this~operation,  for  little  or  no  indigotin, 
owing    to    the    absence    of    oxidising   agents,  is  or  can  be    produced. 
Schunck  and  Roemer  (loc.  cit.),  who  studied  this  reaction  with  indican 
in  the  cold,  as  previously  stated,  obtained  an  amorphous  condensation 
product  from  this  substance,  though  it  is  to  be  noted  that  some  doubt 
now  exists  as  to  the  purity  of  their  compovmd  in  view  of  the  isolation 
of  crystalline  indican  by  Hoogewerff  and  ter  Meulen  (Po'oc.  K.  AkaJ. 
Wetensch.  Amsterdam,  1900,  2,  520).    That  indoxyl,  however,  does  con- 
dense  in  this  manner  seems  certain,  for  Hazewinkel  {Proc.  K.  Akad. 
Wetensch.  Amsterdam,  1900,  2,  152)  states  that  when  indoxyl  is  boiled 
with  acid  it  changes  into  a  red  substance  and  emits  a  pungent  odour. 
Raw  son,  again  {Report  on  the  Cidtivation  and  Manvfacture  of  Indigo, 
Mozufferpore,   1904,    p.     86),  says:    "The   blower  ....  by    cpiickly 
getting  rid  of  CO.2  gas  ....  prevents  decomposition  of  a  portion  of 
the  colouring  matter  into  worthless  brown  substances,  which  takes  place 
to  a  greater  extent  under  other  conditions."     We  have  also  noted  that 
aqueous  extracts  of  indigo  leaf,  on  long  standing,  gradually  exhibit  a 
decrease  in  the  quantity  of  indigotin  produced  by  analysis,  and  this 
appears  to  be  due  to  a  secondary  condensition  of  the  character  under 
discussion.    Bey erinck  (Proc.  Roy.  Acad.  Scien.  Amsterdam,  1899,  120), 
in  a  paper  "on  the  formation  of  indigo  from   woad  (Isatis  tinctoria)," 
finds,  that  the  action  of  excess  of  air  on  a  dying  woad  leaf  causes  a  loss 
of  indoxyl  with  formation  of  unknown  colourless  andbi'own  substauces. 
Again,  he  states  that  "strong  acids,  just  as  alkalis,  though  in  a  far 
less  degree,  favour  the  formation  of  indigo  from  indoxyl,  but  then  part 
of  this  substance  constantly  changes  into  a  brownish-black  matter." 
Finally,  "  during  the  slow  dying  of  the  leaves  of  Indigo/era  plants  in 
COg  containing  air,  a  small  quantity  of   a  bi'own  pigment  is  formed," 
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and  " .  .  .  .  many  other  indigo  plants  give  in  place  of  indigo  a  hlack 
or  a  brown  pigment." 

As  regards  the  yield  of  indigo  from  the  plant,  Bergtheil  {loc.  cit.) 
considers  that  at  least  87  per  cent,  of  the  theoretical  yield  of  indigotin 
is  accounted  for  in  the  manufactiu-ing  operation,  including  5  jjer  cent, 
remaining  in  the  leaves  after  the  steeping  process,  and  10  to  20  per 
cent,  which  is  lost  in  the  decantation  of  the  supernatant  liquid,  or 
"  seet "  water.  On  the  other  hand,  a  difference  of  opinion  exists  as  to 
the  actual  amount  of  indigotin  which  any  given  sample  of  the  plant  is 
capable  of  yielding.  Very  recently  Kawson's  ingenious  persulphate 
process  {loc.  cit.)  for  the  determination  of  indigotin  from  the  leaf  has 
been  modified  by  Bergtheil  {J.  Soc.  Cheui.  Ind.,  1906,  25,  735),  and  in- 
dependently by  Orchardson,  Wood,  and  Bloxam  (ibid.,  1907,  26,  4),  with 
the  result  that  higher  values  are  now  given  by  it.  The  latter  three 
authors,  however,  employing  the  isatin  process  suggested  to  them  by 
Prof.  Beyerinck  of  Delft,  by  which  means  the  iudoxyl  is  estimated  as 
indirubio,  have  obtained  considerably  enhanced  figures  over  those  given 
by  the  persulphate  method,  and  these  results,  though  given  with  some 
reserve,  are  exceedingly  suggestive.  In  any  case  some  loss  remains  to 
be  accounted  for,  and  this,  we  suggest,  is  probably  to  be  found  in  the 
formation  of  indigo-brown. 

The  final  answer  to  this  and  other  questions  connected  with  the 
manufacture  of  natural  indigo  can  only  be  given  with  certainty  by 
a  study  of  the  pure  glucoside  indican,  and  this  we  hope  shortly  to  be  in 
a  position  to  communicate  to  the  Society.  The  isolation  of  this 
substance  from  the  leaf  in  the  crystalline  condition  is  by  no  means  an 
easy  matter,  and  at  best  a  long  and  tedious  process,  and  Hoogewerff 
and  ter  Meulen  (loc.  cit.),  its  discoverers,  obtained  but  5  grams  from 
17  kilos,  of  the  raw  material.  Though  we  have  been  successful 
in  preparing  the  pure  compound  from  the  leaves  of  Indigo/era  arrecta, 
the  yield  was  al^o  poor,  and  we  are  at  present  studying  a  method  which 
we  believe  will  result  in  the  production  of  a  much  larger  quantity  of 
this  exceedingly  rare  compound. 

Our  t'lanks  are  due  to  Messrs.  I.  Q.  Orchardson  and  S.  H.  Wood, 
wliQ  very  kindly  undertook  the  preparation  of  the  crude  indigo- brown 
for  this  investigation. 

C'LOTiiWOKKERfci'    KesEAIICH    LaBOKATORY, 

The  UisivEiisri'Y,  Leeds. 
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XXXI. — The  Alhylation  of  ([-Fructose. 

By  Thomas  Purdie,  F.R.S.,  and  David  McLaren  Paul,  B.Sc, 
Carnegie  Scholar. 

Previous  communications  from  this  laboratory  {Trans.,  1903,  83, 
1021  and  subsequent  papers)  have  shown  that  the  hydroxyl  groups  of 
methylaldosides  can  be  completely  methylated  by  methyl  iodide  and 
dry  silver  oxide,  and  that  the  methylated  aldosides  so  obtained  yield 
on  hydrolysis  methyl  ethers  of  the  respective  aldoses.  The  latter 
compounds  can  be  reconverted  into  methylated  aldosides  by  condensa- 
tion with  methyl  alcohol  containing  hydrogen  chloride,  or  by  the 
silver  oxide  method  of  alkylation  ;  in  general  a  mixture  of  stereoiso- 
meric  aldosides  is  thus  produced,  the  former  process  giving  the 
a-aldoside,  the  latter  the  /S  isomeride  in  larger  proportion.  The  object 
of  the  present  research  was  to  ascertain  if  ketoses  behave  similarly  to 
aldoses  in  the  above  series  of  reactions.  The  methylfrucfcoside 
required  for  our  experiments  was  prepared  from  pure  cZ-fructose  by 
Fischer's  method  {Ber.,  1895,  28,  1160).  Fischer  himself  failed  to 
obtain  the  substance  in  the  crystalline  state,  and  our  efforts  towards 
this  end  were  ahso  unsuccessful.  We  therefore  used,  as  starting 
materia],  the  syrup  left  after  removal  of  hydrogen  chloride  and 
evaporation  of  the  methyl  alcohol.  This  crude  mateinal  is  doubtless,  in 
the  main,  a  mixture  of  a-  and  y8-methylfructosides,  although  so  far  no 
evidence  has  been  adduced  with  respect  to  the  existence  of  stereoiso- 
meric  alkylketosides.  As  appears  in  the  sequel,  it  probably  contains 
also  an  isomeric,  less  Ifevorotatory,  or  possibly  dextrorotatory  hexo- 
side  and,  according  to  Fischer,  a  considerable  pi-oportion  of  unaltered 
fructose. 

We  find  that  the  alkylation  of  this  syrupy  mixture  by  means  of 
methyl  iodide  and  silver  oxide,  and  the  hydrolysis  of  the  resulting 
mixture  of  tetramethyl  methylketosides,  proceed,  in  general,  in  the 
same  manner  as  in  previous  similar  experiments  with  aldosides. 
Grater  difficulty  was,  however,  experienced  in  isolating  the  products, 
anoNiJie  rotatory  powers  observed  in  different  preparations  varied  con- 
siderably. We  attribute  these  anomalies  to  the  mixed  nature  of  the 
initial  fructoside  material,  and  to  the  greater  susceptibility  of  ketoses 
and  their  derivatives  to  oxidation  and  other  chemical  changes.  By- 
pi'oducts  are  thus  introduced  which  fractional  di^^tillation  fails  to 
remove  completely. 

The  tetramethyl  methylfructoside  obtained  by  alkylation  of  methyl- 
fructoside,  and  the  product  of  its  hydrolysis,  tetramethyl  fructose, 
proved  to  be  uncrystallisable  syrups,  which  could,  however,  be  distilled 
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without  decomposition,  and  were  thus  isolated.  Tiie  syrupy  tetra- 
methyl  fructose  was  reconverted  into  tetramethyl  methylfructoside  by 
the  silver  oxide  process ;  the  liquid  fructoside  so  obtained  gave  on 
hydrolysis  again  a  syrupy  tetramethyl  fructose,  from  which,  however, 
the  pure  methylated  sugar  eventually  separated  in  well-formed  ci'ystals. 
This  in  turn  was  converted  into  the  fructoside  by  Fischer's  method 
and  also  by  the  silver  oxide  process.  Both  products  being  uncrys- 
tallisable  liquids,  the  a-  and  ^-forms  could  not  be  separated,  but,  on 
the  evidence  of  its  lower  hevoi-otation,  the  fructoside  from  the  latter 
process  contained  the  ;8-form  in  greater  proportion.  Crystalline  tetra- 
methyl fructose  was  recovered  from  both  products  on  hydrolysis. 

Methylfructoside. 

This  compound  and  the  parent  hexose  should,  presumably,  exist  in 
two  stereoisomeric  forms  corresponding  to  the  a-  and  /3-alkylaldosides 
and  aldoses.  In  order  to  detect  the  production  of  the  two  methyl- 
fructosides  during  the  condensation  of  fructose  with  methyl  alcohol, 
this  process,  and  the  subsequent  hydrolysis  of  the  fructoside,  were 
followed  by  polarimetiic  observations.  Ordinary  fructose  shows  in 
aqueous  solutions  a  downwai'd  mutarotation  in  the  Isevo  sense 
[a]u-  104°  — >-  -  92°.  Assuming  on  the  analogy  of  glucose  that  the 
stable  crystallised  sugar  is  the  a-form  ([a]i,  -  104°),  the  specitic  rota- 
tion of  the  ^-fructose  should  l)e  numerically  less  than  -  92°,  and  the 
a-  and  ^-fructosides  respectively  more  and  less  laivorotatory  than  the 
corresponding  forms  of  the  sugar.  /8-Methylfructoside,  like  the 
)8-alkylaldosides,  should  be  more  rapidly  hydrolysed  than  its  a-isomeride, 
and  presumably,  therefore,  more  rapidly  formed.  Applying  these 
considerations  to  the  preparation  of  methylfructoside  by  Fischer's 
method,  the  course  of  the  reaction  should  be  marked  by  first  a  decrease 
and  then  an  increase  of  hevorotation  ;  on  hydrolysing  the  product,  the 
reverse  optical  changes,  namely,  an  increase  and  then  a  diminution  of 
lajvorotation,  should  be  observed. 

A  solution  of  20  grams  of  fructose  in  188  c.c.  of  methyl  alcohol 
containing  0-5  per  cent,  of  hydrogen  chloride  was  prepared  according 
to  Fischer's  directions  and  kept  at  the  ordinary  temperature;  polari- 
metric  observations  in  a  2  dcm.  tube  were  taken,  at  first  every  few 
minutes,  and  afterwards  at  longer  intervals.  As  the  solution 
gradually  became  j'ellow  in  colour,  incandescent  gas  light  was  used 
throughout.  A  very  rapid  fall  of  rotation  set  in  immediately  on  the 
solution  being  made  up,  which  became  gradually  slower  until  a 
minimum  was  reached.  This,  diminution  of  hevorotation  was  followed 
by  a  much  slower  increase,  until  the  rotation  became  almost  constant 
at  approximately  its  original  value.     On  now  heating   the  solution  at 
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35°,  a  second  less  extensive  and  very  slow  diminution  of  Itevorotation 
occurred.     The  following  observations  may  be  recorded  in  illustration  : 


Condensation. 

Hydrolysis. 

Time  after 

Observed 

Time  after 

Observed 

solution. 

rotation  1  =  2. 

solution . 

rotation  1=2 

4  minutes 

-11-92° 

4  minutes 

-4-40° 

15  .    ,, 

8-99 

5  hours 

6-05 

24       „ 

6-69 

21i    ,, 

7-05 

2  hours  40 

1-48 

28i    ,, 

7-04 

3      ,,      50       „ 

0-99 

44"    ,, 

6-60 

7     ,, 

1-32 

166      ,, 

6-01 

54      „ 

''           5-43 

238      ,, 

6-01 

190      „ 

12-06 

214      ,, 

12-29 

Time  of 

Observed 

Time  of 

Observed 

heating  at  35°. 

rotation  1  —  2. 

heating  at  35°. 

rotation  1  =  2 

4i  hours 

-11-18° 

20  hours 

-6-55° 

16i      „ 

9-09 

40     ,, 

7-01 

35i     „ 

8-20 

64      „ 

7-29 

39 

8-08 

The  extensive  diminution  and  subsequent  increase   of   Isevorotation 
during  the  condensation  at  the  ordinary  temperature  accord  with  the 


Curve  sliovjing  optical  changes  diirimj  condensation  of  fructose  icitli  nicthyl  alcohol. 


10°- 


100 
Time  in  hours. 


250 


conclusions  indicated  above.     The  smaller  final  decrease  of  rotation  at 
higher  temperature   may   be    attributable  to  the   condensing  effect  of 
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hydrogen  chloride  on  unaltered  fructose,  or,  as  suggested  by  later 
observations,  to  the  partial  conversion  of  the  fructoside  into  a  less 
Ifcvorotatory  isomeric  hexoside.  The  first  observation  recorded  {A  on 
the  curve),  a  -  ir92°  gives  [a]j^n„-  5(i°,  which  approximates  to  the 
specific  rotation  found  for  a  solution  of  similar  strength  in  pure  methyl 
alcohol  [ajif  -  57"6°.  The  minimum  rotation,  (B)  -  0"99°,  indicates  that 
/3-methylfructoside  is  feebly  Irevorotatory,  or  possibly  dextrorotatory. 
The  subsequent  maximum  rotation,  (C)  -  12  "29°,  probably  marks  an 
equililjrium  between  the  two  fructosides. 

To  observe  the  changes  of  rotation  occurring  during  hydrolysis,  the 
methylfriictoside  was  procured  in  the  syrupy  state,  as  Fischer  describes 
(loc.  cit.)  and  dried  in  an  exhausted  desiccator.  The  specific  rotation 
of  the  syrnp  in  methyl  alcohol  (c  =  6'466)  was  [aJAuer  -  36'6°,  a  value 
approximating  to  that   calculated  from   the   final   observation  quoted 

Curve  sJwioing  reverse  optical  changes  during  hydrolysis  of  methyl  fructoside. 


Time  in  liours. 


above,  namely,  -35-2°  (a  -  8'08°,  c=ll'465,  calculated  as  methyl- 
fructoside). 

The  specific  rotation  of  the  syruj)  in  water  (c=12'867)  was 
[«]A.ner  ~  34"3°.  This  solution,  after  being  diluted  with  an  equal  volume 
of  water  containing  4  per  cent,  of  hydrogen  chloride,  was  left  to 
hydrolyseat  the  ordinary  temperature  and  finally  heated  at  35°  Some 
of  the  observations  made  are  recorded  above. 

In  qualitative  correspondence  with  the  three  changes  of  rotation 
occurring  during  the  formation  of  the  fructoside  mixture,  three 
oppositely  directed  changes  of  rotation  occur  during  its  hydrolysis. 
This  is  seen  by  comparison  of  the  two  curves  which  represent  the 
optical  changes  occurring  during  the  formation  and  hydrolysis  respec- 
tively of  the  methylfructoside  mixture.  The  observations,  therefore, 
furnish  evidence  in  support. of  the  view  that  the  mixture  contains  the 
two  methylfructosides  and  a  third  hydrolysable  product.  The  possi- 
bility of  the  presence  of  an  acetal  is,  however,  not  excluded. 
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Methijlation  of  Methylfructoside. 

This  process  was  carried  out  precisely  as  described  in  previous 
papers  on  the  alkylation  of  aldosides.  The  proportion  of  the  alkylating 
agents  used  and  the  method  of  isolating  the  product  were  also  the  same 
(Trans.,  1904,  85,  1074).  The  action  proceeded  in  a  similar  mannei', 
and  oxidation  did  not  appear  to  occur  to  any  considerable  extent.  The 
yield  of  methylated  product  obtained  on  distillation  was,  however,  less 
than  in  the  case  of  the  aldosides,  amounting  to  only  about  a  third  of 
the  weight  of  fructose  originally  taken.  Thus,  in  one  preparation,  the 
methylfructoside  from  60  grams  of  fructose  gave  on  alkylation  only 
19  grams  of  crude  distillate  boiling  at  130 — 150°  under  16 — 18  mm. 
pressure  ;  the  remainder  of  the  material  could  not  be  distilled  without 
decomposition.  This  residue  did  not  consist  of  incompletely  alkylated 
fructoside,  as,  although  readily  soluble  in  methyl  iodide,  further  treat- 
ment with  the  alkylating  agents  failed  to  render  it  capable  of  being 
distilled.  The  crude  distillate  referred  to  reduced  Fehling's  solution 
slightly,  and  had  a  distinctly  acid  reaction.  To  remove  the  acid  im- 
purity the  substance  was  dissolved  in  ether  and  treated  with  barium 
carbonate.  After  drying  the  filtered  solution  with  anhydrous  sodium 
sulphate,  removing  the  ether,  and  repeatedly  distilling  the  residue,  a 
neutral  syrup,  without  action  on  Fehling's  solution,  was  obtained. 
Two  separate  preparations  boiling  at  132 — 136°  under  10  mm.  and 
140 — 146°  under  17  mm.  pressure  i-espectively  gave  on  analysis  : 
I.  C  =  52-86;  H  =  8-91;  0Me  =  61-l. 

II.  C  =  52-84;  H  =  8-77;  OMe  =  59-7. 

C6H70(OMe)5  requires  C  =  52-80  ;  H  =  8-80  ;  OMe  =  62-0  per  cent. 

The  substance  has,  therefore,  the  composition  of  a  tetramethyl 
methylfructoside. 

It  was  found  that  much  fractionation  could  be  avoided  and  a  much 
better  yield  obtained  by  the  following  distinct  method  of  preparation. 
The  crude  product  of  the  methylation  of  methylfructoside,  without  being 
previously  distilled,  was  directly  hydrolysed  with  dilute  hydrochloric 
acid,  as  described  later  ;  the  methylated  reducing  sugar  so  obtained  was 
then  remethylated  by  the  silver  oxide  process,  and  the  resulting  liquid 
finally  distilled.  By  this  procedure,  starting  with  70  grams  of  fructose, 
39  grams  of  distillate  were  collected  (b.  p.  136 — 146°),  of  which  24 
grams  boiled  at  139 — 141°  under  12  mm.  pressure.  The  substance  had 
no  action  on  Fehling's  solution,  and  its  anp.lysis  gave  figures  similar 
to  those  ah^eady  quoted. 

III.  C  =  52-65;  H  =  8-70;  OMe  =  61-3. 

The  molecular  weight  in  benzene  solution  by  the  cryoscopic  method 
was  found  to  be  230,  the  calculated  number  being  250. 

VOL.   XCI.  X 
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f  The  specific  rotations  in  ethyl  alcohol  of  the  three  specimens  of  the 
methylated  fructoside,  analyses  of  which  are  recorded  above,  were 
[ajil'  1-15-6'';  II- 18-8";  ^-19-8^.  These  figures,  in  view  of  the  diffi- 
culties of  the  preparation  and  the  diif erent  methods  employed,  are  fairly 
concordant,  but  the  examination  of  a  fourth  specimen  from  a  larger  pre- 
paration carried  out  in  the  same  manner  as  I  and  II  showed  that  the 
substance  was  in  fact  not  homogeneous  in  respect  of  rotatory  power. 
Three  fractions  were  collected  on  distillation  boiling  at  132°,  132 — 140°, 
and  140 — 150°  under  16 — 18  mm.  ;  the  specific  rotations  of  these 
determined  as  above  were  respectively  +1'2°,  —14°  and  —  43'2°.  The 
three  fractions  reacted  slightly  acid,  but  they  reduced  Fehling's  solu- 
tion only  to  a  very  slight  extent  even  on  boiling,  and  the  figures 
obtained  on  analysis  of  each  fraction  approximated  to  those  already 
quoted.  The  variation  in  rotatory  power,  which  is  too  great  to  be 
accounted  for  by  the  traces  of  impurity  indicated  by  the  analyses,  is 
discussed  in  the  sequel. 

Hydrolysis  of  I'etramethyl  Methylfructoside. 

This  process  was  carried  out  by  heating  a  5  per  cent,  solution  of  the 
fructoside  in  5  per  cent,  aqueous  hydrochloric  acid  at  100°  for  about 
half  an  hour.  The  product  was  isolated  as  in  previous  cases  (loc.  cit.) 
and  distilled.  The  substance  thus  obtained  was  a  colourless  neutral 
syrup  which  reduced  warm  Fehling's  solution  vigorously.  After* 
repeated  distillation  a  fraction  boiliug  at  142 — 146°  under  14  mm. 
pressure  gave  on  analysis  : 

C  =  50-60;  H  =  8-36;  OMe  =  50-3. 
C,;H80.(0Me)^  requires  C  =  50-88;  H  =  8-56;  OMe  =  52-5  per  cent. 

The  substance  has  therefore  the  composition  of  tetramethyl 
fructose. 

The  rotatory  power  observed  in  a  2-dcm.  tube  was  as  follows  : 
In  water  (c  =  5-1405),  [a]i»  -18-1°  -^  -20-9°. 
In  ethyl  alcohol  (c  =  5-1005),  [aji]'  -  13-9°  -^  20-2°. 

The  mutarotation  indicated  above  was  accelerated  in  the  case  of  the 
alcohol  solution  by  adding  a  trace  of  alcoholic  ammonia,  and  the 
permanent  stage  was  reached  only  after  three  and  a  half  days.  In 
aqueous  solution  the  rotation  became  permanent  in  three  hours,  and 
remained  so  on  adding  a  trace  of  ammonia.  The  alcoholic  solution  was 
made  up  immediately  after  the  substance  was  distilled ;  the  aqueous 
solution  later  ;  hence  probably  the  difference  in  the  range  of  the  muta- 
rotation in  the  two  cases.  The  permanent  specific  rotations  observed 
on  two  other  prepai'ations  in  alcoholic  solution  were  -  21-7°  (c  =  4-47), 
and  —  25°  (c  =  5-28),  the  initial  rotation  in  the  latter  case  being  -  18°. 
It  will  be  seen  that  the  mutarotation  observed  is  in  the  opposite  sense 
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to  that  exhibited  by  the  pai-ent  sugar.  This  apparent  anomaly  is 
explained  later. 

It  has  been  repeatedly  shown  in  previous  papers  that  the  mixture 
of  stereoisomeric  alkylated  aldosides,  prepared  from  alkylated  aldoses 
by  the  silver  oxide  process,  contains  the  more  readily  hydrolysable 
/8-isomeride  in  such  large  proportion  that  its  presence  can  be  detected 
by  a  diminution  and  subsequent  increase  of  rotatory  power  during 
hydrolysis.  This  method  of  ascertaining  the  presence  of  two  isomeric 
ketosides  was  accordingly  applied  to  specimens  of  tetramethyl  methyl- 
fructoside  prepared  by  the  two  distinct  processes  already  described. 

A  4 "5  per  cent,  solution,  in  5  per  cent,  aqueous  hydrochloric  acid,  of 
the  substance  obtained  by  the  direct  methylation  of  methylfructoside, 
was  heated  at  100°,  and  polarimetric  observations  were  taken  every 
ten  minutes  in  a  2-dcm.  tube,  using  a  Welsbach  light.  The  initial 
specific  rotation,  [a]^uer  —  32'7°,  diminished  until  after  forty  minutes  it 
had  attained  the  constant  value,  -  21*2°,  or  -  22 "5°  calculating  on  the 
assumption  that  the  methylated  fructoside  was  entirely  hydrolysed  to 
tetramethyl  fructose.  This  value  agrees  approximately  with  the  values 
given  above  for  the  isolated  product.  The  decrease  of  rotation  was 
uniform,  showing  no  such  fluctuations  as  were  recorded  in  hydrolysing 
the  methylfructoside  from  which  the  substance  was  prepared. 

A  similar  experiment  was  made  with  the  tetramethyl  methylfructoside 
obtained  from  tetramethyl  fructose  by  the  silver  oxide  process.  The 
observations  were  made  on  a  solution  of  the  fructoside  (c  =  5"332)  in 
2'5  per  cent,  aqueous  hydrochloric  acid  which  was  heated  in  a  thermostat 
at  50°.  The  initial  specific  I'otation,  [a]A.uer  -  38'2°,  diminished  until 
after  four  hours  it  had  attained  nearly  the  same  constant  value  as 
before,  -  23*2°,  or,  calculated  for  tetramethyl  fructose,  -  24'5°.  The 
observations,  therefore,  furnish  no  evidence  of  the  presence  in  either 
specimen  of  isomeric  fructosides  which  differ  widely  in  rotatory  power 
and  rate  of  hydrolysis. 

Crystalline  Tetramethyl  Fructose. 

A  specimen  of  the  distilled  syrupy  tetramethyl  fructose  described  in 
the  last  section  eventually  showed  signs  of  crystallisation.  The  avail- 
able material,  17  grams  in  all,  was  accordingly  nucleated  and  left  to 
crystallise.  By  draining  the  resulting  semi-solid  mass  on  a  porous 
plate  and  recrystallising  repeatedly  from  light  petroleum,  4  grams  of 
pure  substance  were  obtained  in  square  plates,  which  melted  shai'ply 
at  98—99°.     Analysis  gave  : 

C  =  50-46;  H  =  8-72;  OMe  =  52-44. 
CeHsOglOMe)^  requires  C  =  50-88  ;  H  =  8-56  ;  OMe  =  5254  per  cent. 

The  molecular  weight  found  in  aqueous  solution  by  the  cryoscopic 

X  2 
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method  was  218,  the  calculated  number  for  tetramethyl  fructose  Ijoing 
236.  The  compound  was  therefore  identical  in  composition  and 
molecular  weight  with  the  syru})  from  which  it  was  obtained.  It  was 
very  soluble  in  water  and  all  organic  solvents,  except  light  petroleum, 
in  which  it  dissolved  sparingly.  It  acted  vigorout-ly  on  slightly 
warmed  Fehling's  solution.  IJeing  readily  recovered  in  the  crystalline 
state  from  its  solutions,  the  material  at  our  disposal,  although  small, 
sufficed  for  the  observations  recorded  below. 

From  the  analogy  of  tetramethyl  glucose  (Trans.,  1904,  85,  1052) 
crystallisation  from  light  petroleum  should  give  the  stable  tetramethyl 
a-fructose,  showing  in  solution,  like  crystallised  fructose,  a  downward 
mutarotation.  On  heating  this  for  some  time  above  its  melting  point 
and  rapidly  cooling,  the  sugar  should  then  contain  a  considerable 
proportion  of  the  unstable  /3-form,  which  should  be  detected,  if  present 
in  sufficient  quantity,  by  mutarotation  in  the  opposite  sense.  The 
observations  tabulated  below  confirm  these  conclusions. 

To  obtain  a  solution  in  which  the  /3-form  should  be  in  excess  of  the 
proportion  contained  in  the  equilibrium  mixture,  the  sugar,  imme- 
diately before  making  up  the  solution,  was  heated  for  two  hours  at 
115 — 120°,  and  then  solidified  by  cooling.  The  mutarotation  was 
observed  in  approximately  5  per  cent,  solutions,  a  2-dcm.  tube  being 
used. 

After  lecrystallisation  After  heating  for 

from  light  ])etroleura.         two  hours  at  115— 120^ 

_[«JiA [<• 

Solvent.  Initial.  Final,  Initial.  Final. 

Ethvl  alcohol   -94-2°  -86-7°  -70-9°  -87-0° 

Methyl  alcohol 99-0  95-6  —                    — 

Water    1247  121-3  112-4              1210 

The  oppositely  directed  mutarotation s,  it  will  be  seen,  reach  approxi- 
mately the  same  final  values  in  similar  solutions.  The  mutarotation 
in  water  was  much  more  rapid  than  in  the  other  solvents.  The  two 
upward  changes  of  rotation  in  water  and  ethyl  alcohol  required  two 
hours  and  seventy-nine  hours  respectively  for  completion.  The 
rotatory  power,  as  in  the  ease  of  fructose,  is  higher  in  water  than  in 
the  alcoholic  solvents.  In  view  of  the  observations  here  recorded,  the 
apparently  anomalous  mutarotation  of  the  syrupy  tetramethyl  fructose 
previously  referred  to  finds  ready  explanation.  The  liquid  having 
been  recently  distilled,  it  contained  a  larger  proportion  of  the  /?  form 
than  is  present  when  equilibrium  is  reached  in  solution. 

With  the  view  of  obtaining  evidence  of  the  production  of  a-  and 
/?  fructosides  when  the  crystalline  hexose  is  methylated,  the  compound 
was  reconverted  into  tetramethyl  methylfructoside  by  the  silver  oxide 
process  and  also  by  Fischer's  method.  The  two  products  were  then 
separately  hydrolysed  and  the  course  of  the  action  followed  by  means 
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of  the  polarimeter,  as  in  similar  experiments  described  in  the  last 
section. 

Two  grams  of  the  ketose  were  vised  for  methylation  by  the  silver 
oxide  process.  The  distilled  liquid  product,  weighing  1  '3  gram,  was 
too  small  in  quantity  to  be  purified.  Its  fructoside  nature  was,  how- 
ever, evinced  by  the  absence  of  action  on  Fehling's  solution,  and  its 
composition  approximated  to  that  of  tetramethyl  methylfructoside. 
Analysis  gave : 

C  =  52-15;  H  =  8-92. 

C^H-0(0xMe)5  requires  C  =  52-80  ;  H  =  8-80  per  cent. 

Its  specific  rotation  in  ethyl  alcoholic  solution  (c  =  5-03)  was 
[a]u  —  103"2°.  The  substance  was  hydrolysed  by  heating  a  solution 
of  it  (c  =  2-88)  in  2-5  per  cent,  hydrochloric  acid  at  50°.  The  specific 
rotation,  however,  contrary  to  expectation,  did  not  increase  and  then 
decrease  to  approximately  the  value  for  tetramethyl  fructose,  but 
diminished    uniformly    during    the    process   from  [a]^„j.r   -114-7°  to 

-  100-2°,  or,  calculating  the  concentration  for  the  theoretical  yield 
of  tetramethyl  fructose,  to  -  106"1°.  That  the  ketose  had  been  pi-o- 
diiced  by  the  hydrolysis  was  proved,  however,  by  its  recovery  in  the 
crystalline  state  from  the  product. 

For  methylation  by  Fischer's  process,  1  gram  of  the  crystalline 
ketose  was  used.  The  condensation  proceeded  rapidly  at  50°,  the 
specific  rotation  of  the  solution  increasing  uniformly  during  the 
process  from  -97-7°  to  the  constant  value,  -  135  6°.  The  isolated 
syrupy  product  had  no  action  on  Fehling's  solution.  On  hydrolysis, 
under  tbe  conditions  indicated  above,  the  specific  rotation  decreased 
uniformly  to  the  value  recorded  in  the  parallel  experiment,  namely, 
to  -  106-2°.  In  this  case  also  the  product  of  the  hydrolysis  yielded 
the  crystalline  ketose.  The  final  rotations  reached  on  completion  of 
the  hydrolyses  were  less   than   the   value  for  tetramethyl   fructose, 

—  121-3°,  but  this  is  probably  attributable  to  a  secondary  action  of  the 
hydrogen  chloride  on  the  sugar. 

On  adding  a  solution  of  phenylhydrazine  acetate  to  tetramethyl 
fructose  an  oil  is  quickly  deposited.  This  oil,  after  being  washed  with 
water,  has  no  action  on  Fehling's  solution  even  on  boiling,  but  on 
treatment  with  hydrochloric  acid  and  subsequent  neutralisation  the 
product  shows  distinct  reducing  action.  An  alcoholic  solution  of  the 
oil  is  dextrorotatory  ;  on  adding  aqueous  hydrochloric  acid  the  solu- 
tion gradually  becomes  Itevorotatory,  and  simultaneously  acquires 
reducing  power.  The  oil  could  not  be  crystallised,  but  from  these 
observations  it  is  doubtless  a  hydrazone. 
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Discussion  of  Results. 

The  results  of  pi'cvious  researches  show  that  the  alkylation  of  the 
alcoholic  hydroxyl  groups  of  aldoses  does  not  produce  any  striking 
change  in  their  rotatory  powers.  .Thus,  for  example,  the  specific 
rotation  of  a-glucose  is  +106°,  that  of  tetramethyl  a-glucose  +101°. 
This  statement  also  holds  true  in  the  case  of  fructose.  The  initial 
specific  rotation  of  crystalline  tetramethyl  fructose  in  water  is  about 
-  124°,  that  of  the  parent  ketose  about  -  104°.  Fructose,  like  other 
reducing  sugars,  is,  no  doubt,  capable  of  assuming  two  stereoisomeric 
forms  of  the  y-oxidic  type,  and,  according  to  the  now  generally  accepted 
view,  the  downward  mutarotation  of  ordinary  a-fructose  implies  a 
partial  tiansformation  into  the  less  Isevorotatory  /3-form.  This  form 
has,  however,  not  been  isolated,  nor  has  a  solid  mixture  of  the  two 
forms  been  obtained  which  in  solution  shows  the  oppositely  directed 
mutarotation  due  to  the  change  ^  — y  a.  In  the  case  of  tetramethyl 
fructose,  on  the  other  hand,  a  solid  mixture  of  this  kind  is  readily 
obtained  from  the  a-form  by  fusion  as  already  described.  Evidence  is 
thus  furnished  of  the  existence  of  both  forms  of  this  sugar  in  the  solid 
state. 

With  i^espect  to  alkylfructosides,  neither  the  a-  nor  the  ^-form  of 
methylfructoside  has  as  yet  been  isolated,  but  the  changes  of  rotatory 
power  which  we  observed  during  the  production  and  hydrolysis  of 
Fischer's  substance  are  probably  attributable  to  its  being  a  mixture  of 
the  two  stereoisomerides.  In  the  case  of  tetramethyl  methylfructoside 
no  similar  fluctuation  of  rotatory  power  was  observed  during  its  pro- 
duction from  the  syrupy  or  from  the  crystalline  tetramethyl  fructose 
by  condensation  with  methyl  alcohol.  Observations  on  the  change  of 
rotatory  power  occurring  during  hydrolysis  also  failed  to  indicate  the 
presence  of  stereoisomeric  forms  which  hydrolyse  at  different  rates.  In 
every  case,  whether  the  compound  was  prepared  from  methylfructoside 
by  direct  alkylation,  or  from  the  syrupy  or  crystalline  tetramethyl 
fructose  by  Fischer's  process,  or  by  the  silver  oxide  process,  its 
hydrolysis  was  accompanied  by  a  uniform  diminution  of  rotatory 
power.  The  failure  to  detect  the  more  easily  hydrolysable  yS-form  by 
an  initial  rise  of  rotation  during  the  reaction  may  be  accounted  for 
either  by  its  not  being  present  in  sufficient  quantity  or,  more  probably, 
by  the  rotatory  powers  of  the  two  isomerides  not  being  sufficiently  wide 
apart. 

The  relative  rotatory  powers  of  the  fructosides  obtained  from  crystal- 
line tetramethyl  fructose  by  the  two  methods  ([ajo  -  135-6°  and  -  103-2° 
in  alcoholic  solution)  are,  however,  in  accord  with  pi-evious  experience 
of  similarly  prepared  aldosides.    The  product  of  the  silver  oxide  process 
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is  the  less  Itevorotatory,  and  contains  therefore  the  /3-isomeride  in  larger 
proportion. 

The  rotatory  powers  of  the  tetramethyl  methylfructoside  mixtures, 
which  were  obtained  by  direct  methylation  of  methylfructoside,  varied 
considerably,  but  were  in  every  case  much  lower  than  the  values 
just  quoted  for  the  fructosides  prepared  from  crystalline  tetramethyl 
fructose.  This  cannot  be  accounted  for  by  the  former  containing  the 
^-form  in  larger  proportion,  as  the  syrupy  ketose  obtained  from  them 
and  the  ketoside  mixtures  prejpared  in  turn  from  this  ketose  also 
showed  correspondingly  low  Itevorotations.  We  attribute  the  anomaly 
to  the  presence  of  dextrorotatory  hexosides  in  the  mixtures  in  question, 
which  owed  their  origin  to  the  occurrence  of  iso'neric  change  during 
the  preparation  of  the  original  methylfructoside.  Irvine  and  Cameron 
(Trans.,  1905,  87,  907)  encountered  a  similar  anomaly  in  the  prepara- 
tion of  tetramethyl  methylgalactoside  and  tetramethyl  galactose  from 
a  syrupy  mixtui-e  of  methylgalactosides.  Our  supposition  is  borne  out 
by  the  following  observations.  The  original  methylfructoside  syrup 
showed  an  abnormally  low  rotatory  power,  [a].^„er  -  34"3^,  in  aqueous 
solution,  and  the  Irevorotation  of  the  product  of  its  hydrolysis  was 
much  less  than  that  of  fructose.  It  was  also  previously  mentioned 
that,  on  distilling  one  of  the  preparations  of  tetramethyl  methyl- 
fructoside, a  small  slightly  lower  boiling  fraction  was  collected  which 
possessed  a  feeble  dextrorotation.  Further,  a  dextrorotatory  compound, 
probably  a  tetramethyl  hexose,  was  found  to  be  present  in  the  syrupy 
mother  liquor  of  the  crystalline  tetramethyl  fructose.  On  recovering 
this  syrup  frofti  the  porous  porcelain  in  which  it  was  absorbed  and  dis- 
tilling it,  a  fraction  collected  at  140°  under  16  mm.  pressure  showed 
the  specific  rotation  -f  4°. 

We  propose  making  a  further  study  of  the  composition  of  the 
methylfructoside  mixture  which  results  from  Fischer's  method  of 
condensation. 

Chemical  Research  Laboratory, 

United  College  of  St.  Salvator  and  St.  Leonard, 

University  of  St.  Andrews. 
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XXXII.  —  Studies  on  Optically  Active  Carhimides. 
Part  V.  The  Aryl  Esters  and  the  Amides  of 
\-Menthylcarhamic  Acid. 

By  Robert  Howson  Pickard  and  William  Oswald  Littlebury. 

In  Part  II.  (Trans.,  1906,  89,  94)  it  was  shown  that  ^-menthyl- 
carbimide  reacts  very  readily  with  alcohols,  forming  stable  esters  of 
Z-menthylcarbamic  acid.  The  most  striking  property  of  these  esters  is 
the  regularity  exhibited  by  the  molecular  rotations  in  various  solvents  ; 
for  example,  in  chloroform,  the  molecular  rotations  approximate  to 
-  160°  and  in  pyridine  to  —  175°.  It  appeared  desirable  to  investigate 
this  point  further,  and  therefore  we  have  determined  the  rotations  of 
eleven  aryl  esters  and  eighteen  amides  of  Z-menthylcarbamic  acid.  The 
results  may  be  summarised  as  follows  :  the  approximately  constant 
molecular  rotation  of  -  160°  given  in  chloroform  solution  by  the  alkyl 
esters  is  also  given  by  the  aryl  esters,  the  amide,  and  also  such  mono- 
substituted  amides  of  Z-menthylcarbamic  acid  as  were  prepai-ed  from 
a  primary  aliphatic  amine,  whilst  the  mono-substituted  amides  con- 
taining an  aromatic  radicle  have  a  higher  rotation. 

Contrasted  with  the  results  obtained  in  chloroform  solution,  the  mole- 
cular rotations  of  these  compounds  in  pyridine  solution  are  peculiar. 
Thus  the  aryl  esters  have  molecular  rotations  approximating  to  -  190°, 
that  is,  higher  than  the  rotations  of  the  alkyl  esters,  which  approximate 
to  —  175°.  This  difference  is  doubtless  due  to  the  influence  of  the 
aromatic  radicles,  which  is  again  observable  in  the  rotations  of  the 
amides ;  for  the  mono-substituted  ^-menthylcarbamides  with  aliphatic 
substituents  give  values  for  the  molecular  rotation  in  pyridine  which 
approximate  to  -160°  (the  value  also  given  in  chloroform  solution), 
whilst  those  with  aromatic  substituents  give  much  higher  values.  It 
is  noteworthy  that  the  two  amides  prepared  from  secondary  amines, 
namely,  diethylamine  and  piperidine,  have  comparatively  high  rotations 
in  both  solvents.  The  rotations  of  the  amides  have  also  been  deter- 
mined in  absolute  ethyl  alcohol  for  the  purpose  of  comparison  with 
the  rotations  of  the  amides  of  cZ-butylcarbamic  acid  (Urban,  Arch. 
Pharm.,  1904,  242,  51).  The  effect  of  a  varying  substituent  E, 
in  the  amides  of  cZ-butylcarbamic  acid,  C^Hg'NH'CO'NHR,  is  very 
much  greater  than  in  the  amides  of  ^-menthylcarbamic  acid. 

In  view  of  the  similarity  in  the  constitution  of  menthylamine  and 
menthol,  it  is  interesting  to  compare  the  regularities  in  the  molecular 
rotations  in  chloroform  solution  of  the  compounds  described  below 
and  the   numerous  menthyl   esters   of  aliphatic   and   aromatic   acids 
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described  by  Tschugaeff  {J.  Russ.  Phys.  Chem.  Soc,  1902,  34,  G06). 
These  derivatives  of  the  two  parent  substances  owe  their  optical 
activity  to  the  same  complex,  and  certain  i-egularities  are  to  be  observed 
in  each  series  of  compounds.  Thus  in  the  homologous  series  of  the 
alkyl  esters  and  amides  of  Z-menthylcarbamic  acid  and  in  the 
^-menthyl  esters  of  the  homologous  aliphatic  acids  there  is  an 
approximation  to  a  constant  value  of  the  molecular  rotation.  It  seems 
that  in  the  complex  containing  the  three  asymmetric  carbon  atoms 
of  menthol  and  menthylamine  the  optical  activity  is  not  altered 
merely  by  an  alteration  in  the  mass  of  the  substituent  in  the  hydroxyl 
or  amino-group  respectively,  and  even,  with  aliphatic  substituents,  by 
an  alteration  in  the  character  of  the  substituents.  Thus,  for  example, 
?'*-propyl-,  cetyl-,  and  isobutyl-^-menthylcarbamates  and  the  sym- 
metrical ethyl-,  allyl-,  and  {sobutyl-?-menthylcarbamides  all  have  about 
the  same  molecular  rotation  ;  and  again  Z-menthyl  pi'opionate,  ?i-nonate, 
and  I'sobutyrate,  for  example,  have  the  same  molecular  rotation  ; 
further,  the  constant  rotation  of  -  160°  given  by  the  carbamates  and 
carbamides  in  chloroform  solution  closely  approximates  to  the  rotation 
of  -  158°  given  by  the  /-menthyl  esters  which  were  examined  by 
Tschugaeff  {loc.  cit.)  in  the  liquid  state ;  whilst  Wallach  and  Binz 
(An7ialen,  1893,  276,  317)  have  shown  that  the  molecular  rotations  in 
chloroform  solution  of  the  Z-menthylamides  of  acetic,  propionic,  and 
?i-butyric  acids  all  approximate  to  -  161°.  The  arrangement  of  the 
atoms  in  the  menthyl  radicle  is  therefore  such  that  the  optical  activity 
to  which  it  gives  rise  is  affected,  not  by  the  mass,  but  only  in  some 
cases  by  the  aromatic  character  of  the  groups  to  which  the  menthyl 
radicle  is  attached. 

Now  the  introduction  of  an  aryl  radicle  in  the  series  of  ^menthyl 
carbamides  has  much  the  same  influence  on  the  rotation  in  chloroform 
solution  that  it  has  on  the  rotations  of  Z-menthyl  esters  of  aromatic 
acids  as  compared  with  those  of  the  esters  of  aliphatic  acids.  Aryl 
substituents  in  these  compounds  cause  very  well-marked  and  variable 
alterations  in  the  rotations,  and  therefore  it  is  remarkable  that  the 
aryl  esters  of  ^menthylcarbamic  acid,  like  the  alphyl  esters,  such  as 
the  benzyl,  phenylethyl,  cinnamyl,  and  phenylpropyl  esters  (Part  II, 
loc.  cit.),  all  give  in  chloroform  solution  molecular  rotations  approximat- 
ing to  -160°. 

Among  the  smaller  differences  in  the  molecular  rotations  it  may  be 
noted  (I)  that  among  the  aryl  esters  and  amides  of  ^menthylcarbamic 
acid  the  compounds  containing  the  following  radicles  :  o-tolyl,  phenyl, 
m-tolyl,  p-to\y\  have  molecular  rotations  increasing  in  the  order  given, 
thus  agreeing  with  the  rule  on  the  influence  of  these  substituents  on 
the  rotation  of  organic  compounds  as  laid  down  by  Frankland  and 
Wharton  (Trans.,  1896,  69,  1320  and  1583)  and  confirmed  by  Guye 
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and  Babel  (Arch.  S'ci.  PJi/ijs.  Nat.,  [iv],  7,  109),  and  (II)  that  among 
the  aryl  esters  the  influence  of  the  radicles  1:2: 5-xylenyl, 
1:2:  4-xylenyl  and  1:3:  4-xylenyl  is  to  increase  slightly  the 
molecular  rotation  in  the  oi'der  given,  which  is  the  same  as  found  by 
Cohen  and  Briggs  (Trans.,  1903,  83,  1214)  in  their  investigation  of 
the  ^menthyl  esters  of  the  various  dichlorobenzoic  acids. 

Experimental. 
Aryl  Esters  of  \- Menthylcarhamic  Acid. 

Two  methods  have  been  employed  for  the  preparation  of  the  aryl 
esters  of  <J-menthylcarbamic  acid.  The  simpler,  but  more  expensive, 
is  to  treat  the  phenols  with  Z-menthylcarbimide,  the  alternative 
Ihethod  being  to  allow  the  aryl  esters  of  chlorocarbonic  acid  dissolved 
in  light  petroleum  to  i-eact  with  ^-menthylamine  in  the  pi^esence  of 
sodium  hydrogen  carbonate.  Both  methods  give  products  of  the  same 
rotation,  thus  affording  additional  evidence  that  no  racemisation  takes 
place  (luring  the  preparation  of  the  carbimide  (see  Part  I,  Trans.,  1904, 
85,  688).  . 

Of  the  esters  described  below  the  1  :3  :  4-xylenyl,  1  : 2  : 5-xylenyl, 
1-naphthyl  and  2-naphthyl  were  prepared  only  by  the  first  method, 
molecular  proportions  of  the  phenol  and  carbimide  being  heated  in  a 
sealed  tube  for  about  thirty  hours  at  100 — 110°  until  the  mixture 
became  quite  solid  when  cold. 

The  aryl  esters  of  chlorocarbonic  acid,  C1*C0.2R,  were  prepared  by 
shaking  a  solvition  of  carbonyl  chloride  in  toluene  with  a  solution  of 
the  phenol  in  aqueous  caustic  soda  and  were  purified  by  distillation 
under  reduced  pressure,  which  allows  of  an  easy  separation  from  the 
small  quantities  of  the  carbonates  formed  in  the  above  reaction.  They 
were  all  obtained  as  colourless  mobile  liquids,  highly  refractive,  and 
having  penetrating  odours.  The  following  table  shows  their  boiling 
points : 


Phenylchlorocarbonate  boils 

at 

97°        under  25  mm. 

o-Tolyl                    „ 

110—120°      „ 

28     „ 

■m-Tolyl 

103° 

22    „ 

^>Tolyl 

108° 

30    „ 

1:2:  4-Xylenyl    „ 

126—128°       „ 

25    „ 

Thymyl 

129° 

25    „ 

Carvacryl               ,, 

135—137°       „ 

25    „ 

The  aryl  esters  of  Z-menthylcarbamic  acid,  CjoHig'NH'COoR,  are  all 
colourless  compounds  crystallising  readily  from  dilute  alcohol  or  from 
light  petroleum.  They  are  not  volatile  with  steam,  and  are  readily 
soluble  in  chloroform  or  pyridine,  but  sparingly  so  in  benzene. 
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Aryl  Esters  of  \-Menthylcarbamic  Acid. 


Analysis. 


Empirical     Crystalline  Tlieory 

Ester.                 formula.            form.  Solvent;    il.  p.     N  found,    per  cent. 

Phenyl C^HsAN     Prismatic  Dilute       138°           4-9             5-1 

needles  alcohol 

o-Tolyl Cj8H2702N'        Silky  Dilute       14S             S'O             4-8 

needles  alcohol 

m-Tolyl    C18H27O2N       8ilky  Light        100             5-2             4-8 

needles  petroleum 

^-Tolyl C'lgHsjOoN      Needles  Light        119             ,^.-1             4-8 

petroleum 

1  :  3  :  4-Xylenyl     CiaHaAN"         Flat  Dilute       104             4-6             4-6 

needles  alcohol 

1  :  2  :  4-Xylenyl     CisHoA^        Silky  Light       137             4-4             4-6 

needles  petroleum 

1:2:  5-Xylenyl     C,i,HogOoN     Prismatic  Dilute       135             4-8             4-6 

needles  alcohol 

Thymyl    C21H33O2N     Prismatic  Light       129             4-5             4-3 

needles  petroleum 

Carvacryl C.iHjaOaN     Prismatic  Light        149             44             4-3 

needles  petroleum 

1-Naphthyl C21H27O2N        Silky  Alcohol      163             4-3             4-3 

needles 

2-lSraphthyl CaiHorOoN        Small  Dilute       120             4 '6             4-3 

prisms  alcohol 


Rotation  of  the  Aryl  \-Menthylcarhamates. 

The  rotations  recorded  in  this  paper  have  been  determined  in  a 
2-dcm.  tube  at  tempei^atures  between  18°  and  20°.  It  was  found  that 
such  small  variations  in  the  temperature  and  a  variation  in  the  con- 
centration between  2  and  5 '5  pai'ts  per  100  of  solution  have  no 
appreciable  effect  on  the  rotation. 


Rotations  in  Chloroform. 


Ester. 

Phenyl  1 

o-Tolyl  0 

m-Tolyl 0 

j9-Tolyl  0 

1  :3:4-Xylenyl   0 

1  :2  :  4-Xylenyl   0 

1  :  2  :  5-Xylenyl    0 

Thymyl 1 

Carvacryl  0 

1-Naphthyl  0 

2-Naphthyl  0 


Weight 
in  grams. 
0460 


8128 
9433 
6840 
6043 
7162 
4350 
0442 
6295 
9063 
8515 


Volume  of 
solution 
in  c.c. 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


Observed 
rotation. 


04° 

45 

27 

85 

23 

68 

22 

75 

23 

67 

10 


Wd- 


[M],. 
159-0 
158-2 
161-4 
162-6 
161-9 
155-7 
154-6 
150-5 
154-5 
167-4 
156-5 
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Eolations  in  Pyridine. 


"Weight 
Ester.  in  grams. 

riieiiyl  1-0384 

o-Tolyl   0-8343 

m-Tolyl 1-1392 

;o-Tolyl  0-7481 

1  :3  :4-Xy]ciiyl  0-7885 

1  :2  :4-Xyleiiyl  0-559.5 

1  :2  :5-Xylenyl   0-4677 

Thymyl ' 0-9433 

Carvacryl  O-C-234 

1-Nai)hthyl   0-9992 

2  Naphthyl  1-0400 


Volume  of 


solution 

Oliserved 

in  c.c. 

rotation. 

Wl,- 

[M]„ 

20 

-7-00" 

-67-41" 

185-4 

20 

5-38 

64-48 

186-3 

20 

7-54 

66-17 

191  -2 

20 

4-85 

64-82 

187-3 

20 

4-98 

63-16 

1&1-4 

20 

3-46 

61-84 

187-3 

20 

2-94 

62-86 

190-4 

20 

5-31 

56-29 

186-3 

20 

3-59 

57-58 

190-6 

20 

G-34 

63-45 

206-2 

20 

6-23 

50-90 

194-6 

Tlie  Amides  of  \-Menthylcarhamic  Acid,  CjQHjf)*NH'CO'NHR. 

With  the  exception  of  the  unsubstituted  amide,  /-menthylcarbaniide, 
the  amides  are  readily  obtained  by  the  action  of  the  carbimide  on  the 
amines.  With  aliphatic  amines  it  is  necessary  to  moderate  the 
violence  of  the  reaction  by  diluting  the  reagents  with  light  petroleum, 
whilst  with  the  aromatic  amines  gentle  warming  is  sometimes  necessary 
to  complete  the  reaction. 

\-MenUiyJ carbamide  was  prepared  from  potassium  cyanate  and 
Z-menthylamiue  hydrochloride  according  to  the  directions  of  Wallach 
{Annalen,  1898,  300,  279). 

Fhenyl-\-7nenthyl carbamide  prepared  from  ^-menthylcarbimide  and 
aniline  is  identical  in  properties  with  the  compound  obtained  by 
Wallach  {loc.  cit.)  by  the  action  of  phenylcarbimide  on  /-menthyl- 
amine. 


Amides  of  \-Menthylcarbamic  Acid. 


Analysis. 


Empirical 

Crystalline 

/- 

Theory 

Amide. 

formula. 

I'orm. 

Solvent. 

iM.  p. 

X  found. 

percent. 

Ethyl  

.     CisHogONo 

Stout  prisms 

Dilute 

alcohol 

114° 

12-5 

12-4 

^-Propyl 

•     C,,H,sON, 

Stout  prisms 

Dilute 
alcohol 

100 

11-7 

11-7 

«-Butyl   

.       CJI.^nON, 

Piismatic 

Aqueous 
acetone 

61 

10-9 

110 

needles 

woPropyl     .... 

.     C\,H.,sON., 

Loui;  prismatic 
needles 

Dilute 
alcohol 

146 

12-0 

11-7 

woButyl  

.     C15H30ON, 

Small  prismatic 
needles 

Aqueous 
acetone 

80 

11-3 

11-0 

^cr/. -Butyl  *   . 

.     C15H30ON0 

Long  prismatic 
needles 

Dilute 
alcohol 

223 

11-3 

11-0 

Allyl    

.     C14H06ON0 

Prismatic 
needles 

Dilute 
alcohol 

115 

11-9 

11-S 

Only  sparingly  soluble  in  chloroform  or  pyridine. 
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Amides  of  l-Mentlojlcarhaxiic  Acid  (continued). 

Analysis. 

' ' » 

Empirical.       Crystalline  Theory 

Amide.  formula.  form.  Solvent.     M.  p.     IST  found,     per  cent. 

Diethyl    CjgH.oOXo  Transparent  hairy  Dilute       142°  10-9  ll'O 

stellate  needles    alcohol 

Benzyl CisHogON.^      Micro-crystal-     Dilute  158-159        9-9  9-7 

line  mass        alcphol 

o-Tolyl     CigH.sON'a  Slender  Dilute       201  9-4  97 

needles  alcohol 

m-Tolyl  *    CisHjsONo        Long  .silky      Alcohol     197  97  97 

needles 

ju-Tolyl    CigHogONj      Small  needles    Alcoholl79-lS0         9-6  97 

l-Naphthyl"...     CsiHjgONo  Needles  Alcohol     242  87  8  6 

2-NaphthyI     ...     CoiHgsONa      Small  needles     Acetic       200  S'S  8-6 

acid 

Peutamethylene    C15H30ON2      Small  needles    Alcohol     169  lO'o  10"5 

(piperidyl) 

■'•'  Almost  insoluble  in  chloroform. 

Rotations  of  the  Carbamides. 
In  Cidoroform  Solution. 


Symmetrical 
menthyl  carbamides. 
CioH,a-NH-CO-NHR. 

Ethyl 

n-Propyl 

91- Butyl  

7i'oPropyl    

isoButyl 

fc?'i. -Butyl 

Allyl  

Benzyl     

Phenyl    

o-Tolyl    

ju-Tolyl    

^2-Xaphtliyl    


Weight 

in  grams. 

0-6187 


•6105 
•6142 
•6609 
•5534 
•6201 
•6475 
•4060 
•3672 
•4141 
•3283 
•1983 


Volume  of 
solution     Observed 
in  c.c.       rotation. 


19^9 

19^9 

19^9 

19^9 

19-85 

50 

19-9 

19-9 

19-8 

25 

25 

20 


4-30° 
4^05 
3-86 
4-30 
3-54 
1^68 
4-25 
2-10 
2^58 
1-86 

r79 

1^31 


-69-16° 
06  •03 
62-55 
64^76 
63-51 
67  72 
65-33 
51-47 
69-68 
56-14 
68^15 
66^06 


[M]„. 
156-3° 
158-4 
158-9 
155-4 
161-3 
172-0 
155-5 
148-3 
191-0 
161-7 
196-3 
2147 


CioHig-NH'CO-NR". 

Diethyl  0-6428 

Pentaniethj'lene    ...  0-3979 

Llonomeuthylcai-b- 

amide 0-5195 

*  Dimenthylcarbamidc  0-569S 


19-9 
20 


19-85 
19-9 


5-08 
3-23 


4-21 
5-15 


78^66 
81-17 


80-44 
89-93 


199-8 
215-9 


159-3 
302-1 


Part  I  {loc.  cit.). 
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Solutions  in  Pyridine. 


Symmetrical 

mciithyl  carbaniide.s.  Weight 

CV,H,<,'NirCO-NHK.  in  grams. 

Ethyl 0-5739 

9i-Propyl     0-6385 

H-Butyl 0-6061 

isc?Propyl    0*6240 

MoButyl 0-5571 

tcrt.-'Qniyl 0-6154 

Allyl   0-6463 

Benzyl    0-3914 

Phenyl    0-5854 

o-Tolyl    0-4773 

7/i-Tolyl  0-4412 

it>-Tolyl    0-5631 

l-Naphthyl    0-2649 

2-Naphthyl    0-3322 

Cionig-NH-CO-NR". 

Diethyl  0-6153 

Pentamethyleue    ...  0-3805 

Monomeuthylcaib- 

amide 0-5331 

Dimenthylcarbamide   1-2391 


Volume  of 

solution 

Observed 

in  c.c. 

rotation. 

[«]«• 

[M]„. 

19-9 

-4  05° 

-70-23° 

158-7 

19-9 

4-29 

66-88 

160-5 

19-85 

3-92 

64-19 

163-0 

19-85 

4-10 

65-22 

156-5 

20-1 

3-55 

64-03 

162  7 

50 

1-63 

66-21 

168-2 

19-85 

4-43 

68-05 

161-9 

19-9 

2-33 

59-26 

170-7 

19-9 

4-79 

81-41 

223  1 

19-9 

3-66 

76-29 

219-8 

20 

3-60 

81-59 

235-1 

20 

4-57 

81-15 

233-7 

25 

1-49 

70-31 

228-6 

20 

2-61 

78-56 

255-4 

19-9 

4-61 

74-56 

189-3 

19-9 

2-99 

78-18 

208-0 

19-9 

4-13 

77-11 

152-7 

20 

11-88 

95-87 

322-1 

Solutions  in  Ethyl  Alcohol. 


Symmetrical 

menthyl  carbamides.  Weight 

CjoHip-Ntl-CO-XHR.  in  grams. 

Ethyl 0-6206 

2i-Propvl     0-6149 

n-Butyl  0-6071 

is'oPropyl    0-6199 

isoButyl 0-6126 

fe?-<.-Butyl 0-6941 

Allyl   0-6188 

Benzyl     0-4292 

Pheuj-1    0-5820 

o-Tolyl    0-5264 

m-Tolyl  0-5561 

jo-Tolyl    0-5701 

2-Naphthyl    0-3780 

CioHie'NH-CO-NR". 

Diethyl  0-6348 

Pentamethyleue    ...  0-5309 

Monomenthylcarb- 

amide 0-5093 

Dimenthylcarbamide  0-5056 


Volume  of 

solution 

Observed 

in  c.c. 

rotation. 

[«]». 

[M]„. 

19-9 

-4-60° 

-73-77° 

166-7 

19-9 

4-33 

70-08 

168-2 

19-9 

4-05 

66-39 

168-6 

19-9 

4-20 

67-42 

161-S 

19-9 

4-11 

66-76 

1695 

19-85 

4-53 

64-77 

164-5 

19-9 

4-31 

70-11 

166-9 

19-9 

2-45 

56-80 

163-6 

19-9 

4-58 

78-32 

214-6 

19-9 

3-49 

65-98 

190-0 

50 

1-68 

75-51 

217-5 

19-9 

4-31 

85-23 

245-5 

25 

2-15 

71-09 

231-1 

19-9 

4 -SO 

75-25 

191-1 

19-9 

4-61 

86-42 

229-9 

19-9 

4-18 

81-87 

162-1 

19-85 

5-02 

98-56 

331-1 

*  Pure  ethyl   alcohol,  free  from  aldehydes,  which  was  dried  over  baryta  until 
crystal  of  potassium  permanganate  produced  no  pink  coloration. 
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XXXIII. — Note  on  the  Arsenates  of  Lead  and  Calcium. 

By  Spencer  U.  Pickeeing,  M.A.,  F.E.S. 

As  an  insecticide  for  leaf-eating  insects,  lead  arsenate  has  lately  come 
into  genei'al  use,  since  it  does  not  scorch  foliage  in  the  same  way  as 
does  Paris  green  or  London  purple.  It  is  made  by  precipitating 
sodium  arsenate  with  the  acetate  or  nitrate  of  lead  ;  but,  unfor- 
tunately, so  many  different  instructions  have  been  issued  by  various 
authorities,  both  in  this  and  other  countries,  as  to  the  proper  propor- 
tion in  which  these  reagents  should  be  used,  that  the  matter  has  been 
reduced  to  a  state  of  confusion.  This  is  all  the  more  to  be  regretted, 
as  excess  of  the  soluble  arsenate,  and,  to  a  lesser  extent,  excess  of 
the  lead  salts,  is  injurious  to  foliage. 

Some  account  of  an  investigation  on  this  subject  has  been  published 
in  the  Sixth  Report  of  the  Woburn  Experimental  Fruit  Farm,  1906, 
p.  157,  but  the  details  of  the  chemical  facts  established  may  be  more 
appropriately  recorded  here. 

The  sodium  arsenate  listed  by  manufacturers,  either  Avithout  specifica- 
tion, or  as  "pure,"  "  cryst,"  or  "  hydrated,"  is  the  disodium  ortho- 
arsenate,  generally  containing  7  molecules  of  water  of  crystallisation, 
but,  occasionally,  12.  In  the  case  of  four  samples  out  of  five  which 
were  obtained  from  different  manufacturers,  the  salt  was  found  to  be 
the  heptabydrate ;  in  the  fifth,  it  was  dodecahydrate.  Determinations 
of  the  water  contents  by  prolonged  drying  at  100° — the  results  of 
which  are  given  in  Table  I,  Col.  II,  samples  A  to  E — indicated  that 
these  samples  all  attained  a  high  standard  of  commercial  purity, 
although  they  differed  from  each  other  slightly  in  alkalinity.  Sample  X 
was  one  which  was  prepared  by  careful  recrystallisation. 

As  the  values  in  the  table  imply,  the  whole  of  the  water  of  crystal- 
lisation may  be  driven  off  at  100°,  although  it  is  generally  stated  that 
a  temperature  of  200°  is  necessary  for  this  purpose,  and  even  300°, 
according  to  the  British  Pharmacopoeia,  1898,  should  be  employed. 
When  the  crystallised  salt  is  allowed  to  fuse  during  dehydi-ation,  there 
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is  considerable  difficulty  in  driving  off  all  the  water  at  100'^,  but,  if  it 
is  partially  desiccated  before  being  heated,  no  such  difficulty  is  expe- 
rienced. On  further  heating  to  150^,  it  begins  to  change  into  the  pyro- 
arsenate,  and  this  change  is  rapid  at  300°.  The  theoretical  loss  of 
water  in  the  conversion  of  Na2HAs04,71I._,0  into  Na4As.^07  is  43 "30 
per  cent. ;  the  values  found  with  sample  X  at  300°  were  43*2 1  and 
43'17.  No  fusion  occurs  if  the  hydrated  arsenate  is  dehydrated 
slowly.  Thus,  the  temperature  for  drying  prescribed  in  the  British 
Pharmacopoeia  is  much  too  high,  and  the  only  sample  of  this  medicinal 
arsenate  which  was  examined  was  found,  in  consequence,  to  consist 
mainly  of  pyroarsenate,  instead  of  orthoarsenate. 


Table  I. — Precipitation  of  Sodium  Arsenate  by  Crystallised  Lead 

Acetate. 

"Weight  of 
lead  acetate  rei^uired  for  1  gram  of 


Hydrated 
Pure  Cryst.      Tlie       arsenate 
Arsenates.  Na2HAs04.  sample,    present. 

I.  II.  III.  IV. 

"  Pure  hydrated  "'  samjdes. 
Heptahydrates  : 

Theory  for  NaaHAsO^wH.O..  5960           —  1-822 

V    i-o,.^^,^^  \  (i>'J'75  l'S23  1"846 

^-  i^^'^^^i-) (59.68  1-853  1-876 

A  59-41  1-696  1-703 

B  59-79  1-739  1-721 

C 59-84  1-761  1-768 

Z>  59-24  1-798  1-787 

Mean     59-62  1-779  1-784 

Dodecahydrate  : 

Theory  for  Na2HAs04,12H.,0.         46-27  —  1-414 

E  '...         46-48         1-389         1-383 

"  Pu7X  anhydrous  "  samples. 

Theory  for  Na„HAs04    100 '00  —  — 

F.  (Fused")    101-53         3-014  — 

G.  (Exsic.  B.  P.)    102-96         3-194  — 

•'  Crude  anhydrous  "  samj^les. 

H  103-31  2-5S3  — 

/    101-38  2-539  — 

J   92-33  .  3-027  — 

K ..  86-76  2-757  — 

Theory  for  ]Sra4 A S0O7 105-09  —  — 

*  Or  its  equivalent  of  Xa^AsoOj. 


faoHAsOj 

present 

Before 

After 

heating. 

heating 

V. 

YI. 

3  056 

3-098 

3-116 

3-149 

2-958 

2-854 

— 

2-917 

— 

2-943 

— 

3-035 

— 

2-999 

— 

3  056 

2-987 

— 

3  056 

2-966 

— 

3-102 

— 

2-500 

2-601 

2-505 

2-538 

3-278 

3-237 

3-180 

3-316 

3  212 

— 

In  the  earlier  determinations,  which  were  published  in  the  Report 
of  the  Woburn  Experimental  Fruit  Farm,  some  of  the  samples  used 
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were  overheated  in  drying,  and  the  water  contents,  consequently,  appear 
too  high.  The  values  have  been  corrected  for  this  error  in  the  present 
communication,  or  fresh  determinations  have  been  substituted  for  them. 
The  amount  of  crystallised  lead  acetate  required  for  the  precipita- 
tion of  1  gram  of  the  various  samples  of  sodium  arsenate  was  deter- 
mined by  running  a  standard  solution  of  the  acetate  into  a  solution  of 
the  arsenate.  Filtration  was  necessary  after  each  addition.  The  final 
reaction  is  not  very  clearly  marked,  lead  arsenate  not  being  a  very 
insoluble  substance  ;  duplicate  determinations,  however,  never  differed 
by  moi'e  than  1  or  2  per  cent,  of  the  total. 

The  results  of  the  precipitation  are  given  in  Table  I.  These  show 
that  the  lead  arsenate  precipitated  must  be  the  triplumbic  salt.  The 
equation  2Na^HAs04  +  '^^H^' 2^3^ 2) -i^^^-P  =  '^H^^^di  +  ^^^H^Oo  + 
lire,  requires  3'056  parts  of  lead  acetate  for  one  part  of  anhydrous 
arsenate  present,  and  the  mean  of  the  values  found  with  the  various 
samples  is  2-999  (Col.  V).  This  is  the  reaction  which  had  been 
accepted  as  correct  in  Canada  and  the  United  States.  According  to 
it,  for  one  part  of  the  heptahydrated  and  dodecahydrated  arsenate 
1-822  or  1'414  parts,  respectively,  of  lead  acetate  would  be  required. 
The  Board  of  Agriculture  and  Fisheries  (Leaflets  4,  20,  62,  and  69) 
recommends  the  use  of  three  parts  of  lead  acetate  to  every  one  part  of 
ci-ystallised  sodium  arsenate  ;  this  would,  obviously,  give  an  unneces- 
sary, and,  as  I  have  shownjelsewhere,  an  injurious  excess  of  lead  salt. 
The  use  of  two  parts  of  acetate  to  every  one  part  of  crystallised 
arsenate  would  be  amply  sulficient  to  ensure  the  precipitation  of  all 
the  arsenate  in  every  case. 

The  reaction  is  the  same  whether  the  acetate  is  added  to  the 
arsenate,  as  above,  or  vice  versd.  Thus,  with  the  samples  A  and  C 
the  values  obtained  on  adding  acetate  to  arsenate  were  2-854  and 
3-095;  mean,  2-915;  and  on  adding  arsenate  to  acetate,  2-912  and 
3-074 ;  mean,  2-943.  A  similar  identity  of  results  was  obtained  with 
various  samples  of  crude  arsenate. 

The  results  with  two  "  pure  anhydrous  "  samples  are  next  given  in 
the  table.  Sample  G  is  that  prepared  by  drying  at  about  300°,  and  sold 
as  "  Exsic.  B.P.,  1898  "  ;  the  other  is  sold  as  "  fused,"  and  is  prepared 
at  a  somewhat  lower  temperature.  Both  of  these  samples,  on  redrying 
at  300°,  lost  less  water  than  they  should  have  done  if  they  had 
consisted  of  the  orthoarsenate,  and,  consequently,  the  arsenic  acid 
present  in  them  repi'esents  more  than  100  per  cent,  of  orthoarsenate; 
they  were,  however,  not  entirely  in  the  condition  of  pyroarsenate,  as 
100  parts  of  tliis  represent  105*09  parts  of  orthoarsenate,  and  102-96 
was  the  highest  value  found.  The  results  obtained  on  precipitating 
this  sample  with  lead  acetate  give  a  value  (3-194)  approximating  that 
required  by  the  pyroarsenate,  which  is  3*212. 
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Some  samples  of  "  crude  anhydrous  "  sodium  arsenate  were  examined, 
in  order  to  ascertain  how  much  lead  acetate  would  be  required  in 
practice  for  their  precipitation.  It  will  be  seen  from  the  water  deter- 
minations, that  two  of  these  appeared  to  consist  partially  of  the  pyro- 
arsenate  ;  the  other  two  contained  a  notable  amount  of  water.  The 
latter,  J  and  K,  give  values,  on  precipitation  (Col.  V),  agreeing  fairly 
well  with  the  results  with  ])ure  samples,  although  both  are  somewhat 
high,  this,  no  doubt,  being  due  to  the  presence  of  an  excess  of  arsenic 
acid  ;  for  all  the  samples  the  crude  arsenates  gave  an  acid,  instead  of 
an  alkaline,  reaction.  The  other  two  samples,  H  and  I,  gave  values 
too  low  to  be  reconcilable  with  the  action  being  the  same  as  in  other 
cases.  With  both  of  them  tlie  lead  acetate  required  was  2-5  parts  to 
every  one  of  Na^H(AsOJ  present,  and  this  proportion  agrees  well 
with  that  required  if  the  lead  arsenate  precipitated  were  a  mixture  of 
equ^^l  molecular  proportions  of  Pbg(As04)o  and  Pb2H^(As04)o,  the 
calculated  requirement  in  such  a  case  being  2*546.  Further  reference 
to  this  point  will  be  made  below. 

It  will  be  seen  that  another  set  of  values  for  the  lead  acetate  required 
for  precipit  ition  are  given  in  the  last  column  of  the  table.  These  apply 
to  samples  of  the  arsenate  after  they  had  been  heated  to  300°.  They 
were  made  because  some  previous  determinations — those  published  in 
the  Report  of  the  Woburn  Experimental  Fruit  Farm — had  indicated 
that  a  higher  lead  value  was  obtained  after  the  sample  had  been 
heated,  suggesting  that  the  pyroarsenate  formed  by  the  heating  of  the 
salt  remained  as  such  when  dissolved  in  water  (like  a  pyrophosphate), 
and  reacted  with  the  lead  acetate  in  a  manner  different  from  the 
orthoarsenate.  The  present  determinations  do  show  a  difference  in 
the  lead  values  in  this  same  direction,  but  it  is  too  small  to  be  of  any 
significance,  especially  as  similar  determinations  with  the  pure 
arsenate,  X,  showed  no  such  difference,  the  mean  of  the  duplicate 
values  in  that  case  (Cols.  V  and  A'^I)  being  3'124  and  3"087,  before  and 
after  heating,  respectively. 

For  practical  purposes  it  would  not  be  safe  to  take  less  than  3*5 
parts  of  lead  acetate  for  1  part  of  crude  arsenate  if  the  precipitation 
of  all  the  arsenate  is  to  be  ensured,  although,  often,  a  good  deal  less 
might  suffice  (see  Col.  III). 

On  examining  the  same  samples  of  sodium  arsenate  by  precipitation 
with  lead  nitrate,  instead  of  with  lead  acetate,  it  was  evident  that  a 
different  reaction  occurred.  The  values  given  by  the  five  hydrated 
samples  (Table  II)  give,  as  a  mean,  1'743  parts  of  nitrate  to  every  1  of 
anhydrous  arsenate  present  in  them.  This  indicates  that  the  arsenate 
formed  must  be  the  diplumbic  (PbHAsO^),  and  not  the  trijjlumbic 
salt,  since  the  formation  of  the  latter  would  necessitate  the  use  of 
2"669  parts  of  the  nitrate,  whereas  that  of  the  former  requires  1"780 
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parts.  The  values  in  the  individual  cases  are  not  very  concordant, 
but  they  leave  no  doubt  as  to  the  general  nature  of  the  reaction, 
although  the  diplumbic  salt  formed  may  be  mixed  in  some  cases  with 
a  certain  amount  of  the  triplumbic  salt,  and,  in  others,  with  some  of 
the  monoplumbic  salt.  The  variations  in  the  values  are  not,  however, 
due  to  chance  circumstances,  such  as  temperature  or  the  proportion  of 
the  water  present ;  for  duplicates  wherein  these  circumstances  were 
varied  did  not  show  differences  of  more  than  2  per  cent.,  whereas  the 
differences  observed  in  the  table  extend  to  10  per  cent. ;  they  can, 
therefore,  be  accounted  for  only  by  differences  in  the  nature  of  the 
different  samples,  and  it  will  be  noticed  that  the  three  commercial 

Table  II. — Precijntation  of  Sodium  Arsenate  by  Lead  Nitrate. 

"Weight  of 
lead  nitrate  required  for  1  gram  of 

The  Hydrated  Na2HAs04 

Arsenate.  sample,     arsenate  present,      jiresfnt. 

*'  Pure  hydrated  "  samples. 

Heptahydrates  : 

Theory  for  Na2HAs04,7HoO    ...  —  1061  1-780 

If  PbHAsOj  formed 

X.  (Rccryst.) r084  1-096  1-839 

A 1-005  1-008  1-691 

B 0-902  0-899  1-509 

C 1-092  1-096  1-8-22 

B 1097  1-095  1-855 

Mean    1-036  1-038  1-743 

Dodecaliydrate  : 

Theory  for  Na^HAs04,H,0 —  0-823  I'TSO 

£ 0-900  0-896  1-936' 

"  Pure  anhydrous  "  samjjles. 

Theory  for  Na.,HAs04  : 

If  Pb3(As64)o  formed      —  —  2-669 

If  Pb5H5(As64)4  formed    ...  —  —  2-224 

IfPbHAs04  ,,         ...  —  —  1-780 

IfPbH4(As04)o       ,,         ...  —  —  0-890 

i^.   (Fused)  ...." 1-922  —  1-894 

G.  (Exsic.  B.  P.)  1-896  —  1-889 

''Crude  anhydrous"  samples. 

H 1-946  —  1-883 

I  2-150  —  2-121 

J 2-257  —  2-447 

K 2-210  —  2-547 


samples  which  required  the  largest  amount  of  lead  nitrate — C,  D,  and 
E — are  the  same  which  required  the  largest  amount  of  lead  acetate. 

With  the  two  "  pure  anhydrous  "  samples,  F  and  G,  the  lead  nitrate 
required  is,  on  the  average,  somewhat  greater,  and  it  is  even  slightly 
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greater  than  what  would  be  required  if  the  sodium  arsenate  were 
present  entirely  as  the  pyro-salt,  for  the  pyro-salt  requires  only  1-870 
parts  of  lead  nitrate,  whereas  the  samples  in  question  took  about  1*9 
parts.  But  the  end  reaction  in  the  case  of  i^recipitation  with  lead 
nitrate,  is  less  well  marked  than  where  the  acetate  is  used,  and  the 
values,  consequently,  are  less  certain.  The  diplumbic  arsenate  appears 
to  be  more  soluble  than  the  triplumbic  salt,  and,  before  the  whole  of 
the  arsenic  acid  is  precipitated,  some  excess  of  lead  nitrate  must  be 
added.  A  mixture  of  the  two  reagents  may  be  obtained,  in  which 
turbidity  will  be  caused  by  the  addition  of  more  of  either  of  them. 

Determinations  with  the  samples  of  the  crude  sodium  arsenate  are 
also  given.  The  amount  of  lead  nitrate  required  by  these  varies 
considerabl}',  and  in  two  cases,  J  and  K,  it  is  nearly  equivalent  to 
that  required  for  the  formation  of  the  triplumbic  salt.  With  sample 
H,  the  diplumbic  salt  was  precipitated,  as  in  the  case  of  the  samples 
of  pure  arsenate,  whilst  with  the  sample  I  we  get  a  value  iutermediate 
between  the  di-  and  triplumbic  salts. 

Mr.  F.  J.  Smith  (Ann.  Rep.  Mass.  Board  of  Agriculture,  and  Ann. 
Rep.  of  the  Hatch  exp.  Station  of  Mass.  Agri.  Coll.,  1897,  357)  gives  Ihe 
reaction  between  sodium  arsenate  and  lead  nitrate  as  resulting  in  the 
formation  of  a  mixture,  or  compound,  of  the  triplumbic  and  diplumbic 
arsenates  in  equivalent  proportioDs,  Pb3(As04)2  + Pb<,H2(As04)2,  or 
Pb5H2(As04)4.  Such  an  arseuate  might  very  conceivably  exist,  either 
as  a  molecular  compound  or  otherwise ;  but  it  seems  evident  that  the 
lead  arsenate  formed — at  any  rate  when  the  materials  are  pure — is 
simply  the  dijjiumbic  salt,  and  it  is  only  with  one  sample  out  of  the 
twelve  here  examined  (and  that  a  sample  of  crude  arsenate,  I),  that  a 
value  was  obtained  agreeing  fairly  with  the  formation  of  the  complex 
arsenate — 2'121  against  2-224  ;  at  the  same  time,  it  may  be  observed, 
the  values  obtained  by  precipitation  with  lead  acetate  indicated,  both 
in  the  case  of  this  sample  and  in  that  of  H,  the  formation  of  the  same 
complex  lead  arsenate.  It  is  clear,  however,  that  we  cannot  establish 
the  correctness  of  a  chemical  reaction,  and,  still  less^  the  existence  of  a 
new  salt,  on  the  strength  of  determinations  with  crude  and  obviously 
very  impure  substances.  Whether  Mr.  Smith's  results  were  based  on 
the  examination  of  crude  samples,  and  what  value  he  attached  to  his 
equation,  as  representing  an  actual  reaction,  or  merely  as  indicating 
the  proportions  required  in  practice,  I  am  unable  to  determine,  as  I 
have  been  unable  to  obtain  a  copy  of  his  paper,  and  my  information 
on  the  subject  is  derived  from  Dr.  Felt,  State  Entomologist  to  the 
United  States.  An  abstract  of  Mi\  Smith's  paper  will  be  found  in 
the  Exper-imental  Station  Kecords,  1899,  p.  567,  but  it  gives  no  infor- 
mation on  the  point  in  question. 

As  with  lead  acetate,  so  with  the  nitrate,  it  appears  that  the  reaction 
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with  sodium  arsenate  is  substantially  the  same,  whether  the  lead  salt  is 
added  to  the  arsenate,  or  vice  versd.  Three  of  the  samples  of  arsenate 
gave  the  following  values  for  the  lead  nitrate  required  to  precipitate 
one  part  of  anhydrous  arsena.te  present  in  them  : 

When  nitrate  is  When  arsenate  is 

added  to  arsenate.  added   to   nitrate. 

Sample  A  (pure) 1-691  1-679 

„       J  (crude) 2-447  2-407 

„      K(    „    ) 2-547  2-196 

Whichever  reagent  is  added  to  the  other,  some  excess  of  it  will  be 
required  befoi'e  precipitation  is  complete  ;  when,  therefore,  the  lead 
nitrate  is  added  to  the  arsenate,  the  amount  of  it  required  will  appear 
greater  than  when  the  process  is  reversed ;  the  difference,  however,  is 
not  great,  except  in  the  case  of  the  sample  K. 

In  order  to  ensure  the  precipitation  of  the  whole  of  the  arsenate 
wlien  lead  nitrate  is  used  as  the  precipitant,  I  should  recommend 
that  in  practice  1|  parts  of  it  be  used  for  every  one  part  of  crystallised 
sodium  arsenate,  or  2^  parts  for  every  one  pirt  of  crude  arsenate. 

Calcium  Arsenate. 

It  is  probable  that  the  lead  in  lead  arsenate  is  of  little  or  no  value 
for  insecticidal  purposes,  and  that  the  cheaper  calcium  arsenate  would 
be  equally  effective,  if  it  were  suitable  in  other  respects  ;  indeed,  it  has 
already  been  used  for  this  purpose  in  the  United  States.  A  brief 
note  of  the  chemical  facts  elucidated  in  the  examination  of  calcium 
arsenate  will  be  sufficient. 

When  calcium  nitrate  or  calcium  chloride  is  added  to  sodium 
arsenate,  a  bulky  flocculent  precipitate  is  gradually  formed,  and  at  the 
same  time  minute  crystals  are  deposited  on  the  side  of  the  vessel. 
The  weight  of  precipitate'  formed,  when  increasing  amounts  of  the 
calcium  salt  are  added  to  an  equivalent  of  sodium  arsenate,  increases 
until  1|-  equivalents  of  the  calcium  salt  is  reached,  but  increases  no 
further  with  any  excess  of  the  latter  up  to  4|  equivalents.  This  shows 
that  the  calcium  arsenate  which  separates,  is  the  tricalcium  salt,  the 
reaction  for  its  formation  requiring  1^  equivalents  of  calcium  to  one 
of  sodium  arsenate.  The  calcium  arsenate,  however,  is  far  from  being 
very  insoluble,  and  the  amount  precipitated  does  not  approach  the 
total  amount  formed,  unless  the  liquid  is  concentrated.  With  1  gram 
of  hydrated  sodium  arsenate,  and  a  total  volume  of  100  c.c.  of  liquid, 
the  calcium  arsenate  precipitated  amounts  to  only  one-third  of  the 
calculated  amount,  and  if  the  total  volume  is  300  c.c.  no  precipitate 
at  all  is  formed.  Judging  by  these  results,  the  solubility  of  calcium 
arsenate   should  be  about  1  in  200,  and  an  arsenate  of  this  solubility 
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would  be  useless  for  spraying  trees,  owing  to  the  scorching  effect 
which  it  would  have  on  the  foliage. 

In  the  presence  of  lime,  however,  the  whole  of  the  calcium  arsenate 
is  precipitated  from  the  solution.  Thus,  when  lime  water  is  added  to 
sodium  arsenate,  no  arsenate  remains  in  solution  so  long  as  the 
proportion  of  lime  added  is  slightly  in  excess  of  H  equivalents  to  1 
equivalent  of  the  arsenate.  Here,  again,  it  is  evidently  the  tricalcium 
arsenate  which  is  formed.  The  precipitate  when  tirst  thrown  down  is 
bulky,  flocculent,  and  opaque,  but  it  soon  shrinks  and  clots  together, 
becoming  more  transparent  and  semi-crystalline.  Its  condition  then 
is  not  such  as  would  render  it  suitable  for  use  in  a  spraying 
machine. 

By  using  milk  of  lime,  however,  and  keeping  the  lime  in  consider- 
able excess,  a  mixture  is  obtained  which  would  appear  quite  manage- 
able for  spraying  purposes.  Using  pure  lime,  it  was  found  that  about 
three  equivalents  to  every  one  of  arsenate  are  sufficient  to  insure  the 
precipitation  of  the  whole  of  the  arsenic  acid,  the  excess  of  calcium 
salt  in  this  case  being  necessitated  by  the  particles  of  lime  becoming 
coated  with  arsenate,  and  being  thus  prevented  from  becoming  easily 
available  for  the  reaction.  In  practice,  where  an  impure  lime  would 
be  used,  it  would  be  advisable  to  increase  the  proportions  of  lime  still 
further,  say,  to  double  the  amount  mentioned  above,  which  would 
mean  mixing  equal  weights  of  lime  and  crystallised  sodium  arsenate. 


XXXIV. — The  Absolution  Sj^ectra  of  Phthalic,  iso- 
Phthalic,  and  Terephthalic  Acids,  Phthcdic  An^ 
hydride,  and  Phthaliniide. 

By  Walter  Noel  Hartley  and  Edgar  Percy  Hedley. 

Phthalic  acid  was  examined  by  Hartley  and  Huntington  (Phil. 
Trans.,  1879,  170,  I,  257),  and  the  diagram  showing  the  nature  of 
the  absorption  is  placed  next  to  that  of  benzoic  acid,  on  Plate  28  of  that 
paper.  As,  however,  the  other  acids  isomeric  with  phthalic  acid  have 
not  been  examined,  it  was  considered  desirable  that  information  con- 
cerning them  should  be  supplied.  It  was  thought  probable  that  iso- 
and  tere-phthalic  acids  would  each  show  an  absorption  similar  to  that 
of  the  o-acid,  with  this  difference,  that  the  jD-compound  would  show  a 
more  persistent  band  or  a  broad  absorption.  On  comparing  the  curves 
of  the  three  acids,  it  will  be  seen  that  our  preconceived  ideas  have  not 
been  realised,     The  o-phthalic  acid  gives  a  well-defined  broad  band,  the 
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??i-acid  only  a  shallow  band,  the  portion  of  its  head  being  in  the  same 
region  as  that  of  the  o-acid,  but  the  ^j-compound  gives  no  band  what- 
ever, merely  a  sudden  extension  in  the  I'egion  of  the  band  of  the  other 
two  acids. 

Some  difficulty  occurred  with  terephthalic  acid  arising  out  of  its 
sparing  solubility,  so  that  it  was  found  impossible  to  dissolve  1  milli- 
gram-molecule in  100  c.c.  of  the  solvent.  Accordingly  the  dimethyl 
ester  was  prepared  and  its  absorption  photographed  instead  of  that  of 
the  acid. 

On  comparing  the  curve  of  benzoic  acid  with  that  of  phthalic  acid, 
it  will  be  seen  that  the  latter  gives  a  wider  band,  which  was  to  be 
expected. 

Phthalimide  and  phthalic  anhydride  were  dissolved  in  cold  absolute 
alcohol  and  their  spectra  photographed.  The  former  exhibited  a 
spectrum  with  great  genei-al  absorption  and  a  band  of  great  width  and 
persistency.  When  boiled  for  an  hour  and  again  examined,  the 
spectrum  was  absolutely  the  same.  Phthalic  anhydride  exerts  only  a 
general  absorption  of  considerable  magnitude,  but  on  warming  the 
solution  for  only  five  or  six  minutes  to  60°  a  remarkable  change  is 
made  evident ;  the  general  absorption  has  decreased  and  the  sudden 
extension  of  the  transmitted  rays  indicates  the  formation  of  an  absorp- 
tion band  being  in  progress.  After  boiling  for  twenty  minutes 
another  seines  of  photographs  was  taken,  which  showed  that  a  remark- 
able change  had  taken  place ;  the  general  absorption  had  enormously 
decreased  and  a  well-defined  absorption  band  had  appeared,  the  whole 
spectrum  resembling  almost  exactly  that  of  phthalic  acid.  Though 
this  point  has  not  yet  been  definitely  decided,  there  can  be  but  little 
doubt  that  the  mono-ester  was  formed,  thus  : 
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On  continuous  boiling  for  an  hour  no  further  change  occurred  in  the 
spectrum. 

When  the  results  obtained  with  phthalimide  and  phthalic  anhydride 

are  compared,  it  appears  that  the  group  "p^^NH  is  more  stable 
than   _pQ^O. 

Experimental. 

All  the  compounds,  which  for  the  most  part  were  obtained  from 
Kahlbaum,  were  very  carefully  purified  before  use. 

The  Phthalic  Acids. — These  were  recrystallised.  The  phthalic  acid 
melted  at  213°.     The  zso-acid  had  no  definite  melting  point,  but  the 
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temperature  of  liquefaction  was  above  300",  whilst  the  dimethyl  ester 
of  the  tcrephthalic  acid  melted  at  140 — 141°. 

The  Potassium  Salts  of  Fhthalic  Acids. 

These  were  prepared  by  dissolving  the  acids  in  aqueous  caustic 
potash  and  crystallising  from  water.  They  foi-med  well-defined,  colour- 
less crystals.  Their  respective  absorption  curves  are  given  in  Figs.  2 
and  3. 

Fig.  1. 
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PJithalic  acid  — — 

Phihalimide 

Fhthalic  anhydride,  cold  solution  a  :    1st  light  curve. 
The  same  after  warming  /S  :  2nd  light  curve. 
The  same  after  boiling  -x-x-x-  y. 


It  is  noticeable  that  the  general  absorption  increases  from  the  o-salt 
to  the  ^^-salt.  The  o-salt  is  the  only  one  which  gives  a  band,  the  head 
of  which  is  almost  in  the  same  place  as  in  the  case  of  potassium  and 
silver  benzoates.  There  is  a  slight  sudden  extension  in  each  of  the 
other  curves  which  indicates  a  band  of  like  kind  to  that  of  the  other 
salts  of  the  acids. 

Fhthalic  Anhydride. — This  was  obtained   from   Kahlbaum   and  re- 
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crystallised.  It  melted  at  128°.  The  absorption  curve  is  shown  on 
Fig.  1. 

Phthalimide. — This  was  obtained  from  Kahlbaum,  and,  when 
puri6ed,  melted  at  238°.  Its  absorption  curve  on  Fig.  1  will  be  seen 
to  be  twice  as  wide  and  persistent  as  that  of  phthalic  anhydride. 

Solutions    of    the    substnnces    containing    1    milligram-molecule    in 

Fig.  2. 

Oscillation  freqtiencies. 
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A.  isoPhthalic  acid. 

B.  Potassium  isophthalate. 


100  c.c.  of  solvent  were  examined  as  a  rule  through  a  3  mm.  cell,  and 
the  characteristic  absoi"ption  bands  are  recorded  below  : 

Absorption  bands. 

A.  A.  V^-  Va- 

Phtbalic  acid  1  :  2,  in  water    3873  to  3G59  3482  to  3760 

isoPhthalic  acid  1  :  3,  in  alcohol 3S34   ,,  3663  3528    ,,  3756 

Potassium  jihthalate,  water  2  mm 3S39   „  3763  3534    ,,  3612 

Phthalimide,  in  alcohol 3105   „  3616  3220   ,,  3822 

Phthalic  anhydride  in  alcohol,  after  boiling         3S76   „  3636  3476   ,,  3808 

It  is   particularly   interesting  to  observe  how  clearly  a  change  in 
constitution  is  shown  when  phthalic  anhydride  is  dissolved  first  in  cold 
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absolute  alcohol,  then  warmed  to  60°  for  five  minutes,  and  finally 
boiled. 

Concltisions. 

1.  o-Phthalic  acid  gives  an  absorption  curve  of  the  character  that 
might  be  expected  from  comparison   with  that  of  benzoic  acid,  and 


Fig.  3. 
Osdllation  freqtieneies. 
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Potassium  terephthalate,   Q. 
Dimethyl  terephthalate,    x . 

from  the  difference  in  constitution  between  benzoic  and  phthalic 
acids;  that  is  to  say,  the  curve  begins  in  rays  less  refrangible 
than  that  of  benzoic  acid,  and  the  absorption  band  is  wider,  iso- 
Phthalic  acid  has  a  shallow  band  of  absorption  situated  in  the  same 
place  as  that  of  phthalic  acid,  but  it  is  much  less  persistent.  Judging 
from  the  dimethyl  ester  and  the  normal  salts,  terephthalic  acid  cannot 
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be  said  to  show  any  band,  but  merely  an  extension  of  the  transmitted 
rays  at  or  near  where  a  band  might  be  expected. 

2.  In  phthalimide  the  grouping  p^^NH  has  greater  stability  than 
the  group  pry^O  in  phthalic  anhydride. 

Royal  College  of  Science, 
Dublin. 


XXXV. —  The    Absorption    Spectra    of    Benzoic    Acid, 

the  Benzoates,  and  Benzamide. 

By  Walter  Noel  Hartley  and  Edgar  Percy  Hedley. 

The  absorption  spectrum  of  benzoic  acid  has  been  photographed 
repeatedly,  and  has  always  been  found  to  have  a  characteristic  band 
which  is  situated  between  X.  280  and  A.  270  with  a  continuous  absorption 
beyond  A  255  (Kayser's  Handbuch  der  Spectroscopic,  3,  483,  1904).  In 
an  interesting  communication  made  by  Baly  and  Collie  to  the  Society 
(Trans.,  1905,  87,  1332),  it  is  stated  :  "  The  spectrum  of  benzoic  acid 
has  been  observed  by  Hartley  and  Huntington  [Phil.  Trans.,  1879, 
170,  i,  257),  and  only  shows  general  abvsorption  rather  strongly.  This 
is  only  to  be  expected  from  the  presence  of  the  ketonic  oxygen  in  the 
^-position." 

On  referring  to  the  diagram  of  the  absorption  spectra  of  benzoic 
acid  at  different  dilutions  in  the  last-mentioned  paper,  it  will  be  seen 
that  an  absorption  band  is  shown  distinctly  at  a  dilution  of  one  part 
of  the  substance  in  5000  parts  of  water  or  1  gram  in  5000  c.c, 
of  alcohol,  which  becomes  extinct  with  one  part  in  8000.  Moreover, 
the  adjoining  diagram  shows  a  similar  band  to  occur  in  phthalic  acid, 
but  it  lies  more  towards  the  red  and  is  more  persistent.  In  both 
instances  the  rays  more  refrangible  than  the  absorption  band  are  much 
weakened,  and  this  is  represented  by  a  shading.  The  result  of  their 
examination  of  the  absorption  spectrum  of  benzoic  acid  led  Baly  and 
Collie  to  describe  it  as  having  no  absorption  band,  and  although  such 
a  difference  in  experimental  results  may  possibly  be  explained  by  their 
use  of  the  iron  arc  spectrum  as  a  source  of  rays,  and  the  band  being 
feeble,  it  is  rather  difficult  to  accept  their  reason  why  the  absence 
of  such  a  band  might  be  expected,  inasmuch  as  such  a  band  is 
characteristic  of  benzaldehyde  (Hartley  and  Huntington,  Proc.  Roy. 
Soc,  1880,  31,  1  ;  also  Baly  and  Collie,  loc.  cit.,  1905). 

The  following   benzoyl   derivatives    also   show   distinctly   marked 
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bands,  the  syn-  and  aw<i-benzaldoximes,  dilienzoylmetliane  and 
a-hydroxybeiizylideneacetophenone,  and  ethyl  a-,  /8-,  and  y-dibenzoyl- 
succinates  (Hartley  and  Dobbie,  Trans.,  1900,  77,  498).  The  curves 
of  these  esters,  two  of  which  were  found  to  be  absolutely  identical, 
were  drawn  from  the  spectra  photographed  under  different  con- 
ditions, and  what  is  of  prime  importance,  the  measurements  of  the 
spectra  and  especially  of  the  bands  were  recorded.  Baly  and  Desch 
(Trans.,  1904,  85, 1029)  state  that  one  of  the  three  isomerides  does  not 
exhibit  a  band,  but  only  a  general  absorption,  and  as  this  refers  to  the 
i-esults  in  the  paper  quoted,  it  is  surely  a  mistake.  '  Again,  as  regards 
the  dibenzoylmethaneand  a-hydroxybenzylideneacetophenone,  it  is  said 
"  these  two  compounds  give  spectra  whicli  appear  somewhat  similar, 
each  having  two  absorption  bands.  The  absorption  bands  of  the  one 
compound  are  sufficiently  near  in  position  to  those  of  the  other  to 
justify  the  conclusion  that  the  benzoylmethano  was  not  entirely 
ketonic,  and  the  a-hydroxybenzylideneacetophenone  was  not  solely 
enolic."  It  is  correct  to  say  that  the  spectra  are  vei'y  similar  and  that 
they  each  have  two  bands  ;  the  smaller  band  in  the  more  refrangible 
rays  occupies  very  nearly  the  same  position  in  each  compound,  but  the 
more  important  and  larger  bands  in  the  less  refrangible  rays  are  as 
wide  apai't  as  they  well  can  be,  considering  that  the  substances  are 
isomerides.  In  fact,  the  whole  curve  in  the  one  case  is  shifted  down 
into  a  region  of  less  refrangible  rays.  To  remove  these  discrepancies 
and  uncertainties  it  has  been  deemed  best  to  establish  those  points 
which  are  simple  matters  of  fact,  and^to  this  end  benzoic  acid  has  been 
reinvestigated  with  some  benzoates  and  benzamide. 

A  specimen  of  very  carefully  purified  benzoic  acid  was  dissolved  in 
absolute  alcohol,  and  a  series  of  absorption  spectra  was  photographed 
from  it  by  the  rays  from  the  spark  of  a  cadmium-tin  and  a  cadmium- 
lead  electrode,  the  source  of  radiations  most  generally  employed 
(Hartley,  Phil.  Trans.,  1885,176,  471—521,  "Absorption  Spectra  of 
the  Alkaloids."  Also  Journal  of  the  Society  of  Arts,  1886,  36,  395  ; 
Proc,  1899,  15,  47). 

The  cadmium  in  the  two  alloys  has  usually  been  reduced  to  15  per 
cent.,  so  that  there  was  85  per  cent,  of  tin  in  the  one  electrode  and  85 
per  cent,  of  lead  in  the  other. 

The  band  of  absorption  in  the  benzoic  acid  solution,  although  feeble, 
was  distinctly  marked.  The  observation  was  repeated  on  another 
plate  and  with  another  spectrograph  with  lenses  of  shorter  focus  ;  in 
fact,  the  absorption  spectrum  of  benzoic  acid  has  been,  at  various  times 
since  1879  and  under  different  conditions,  photographed  with  lenses  of 
91  cm.,  50  cm.,  and  35  cm.  focus,  and  in  all  essential  particulars  the 
spectra  showed  no  difference. 

In  the  first  case  the  photographs  ranged  from  A  4480  to  X  2145 
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and  were  200  cm.  in  length  ;    in  the   last  they  were   100  cm.  The 

original   photographs  of  Hartley  and   Huntington  were    taken  with 
electi-odes  of  cadmium  only,  but  the  result  was  the  same. 


Potassium  and  Silver  Benzoates. 

Aqueous  solutions  of  beautifully  crystallised  silver  and  potassium 
salts  were  examined  with  electrodes  of  cadmium,  and  in  each  case  a 
narrow  absorption  band  was  photographed.  When  instead  of  cadmium 
the  electrodes  were  made  from  the  alloys,  the  band  was  obscured  by 
the  strong  metallic  lines  in  the  spectrum.  Salts  of  some  organic  acids 
show  wider  and  more  intense  bands  than  the  acids  themselves,  but  in 
this  case  the  bands  are  narrower.  To  ascertain  whether  any  change 
could  be  effected  by  adding  an  excess  of  alkali,  four  equivalents  of 
caustic  potash  solution  were  added  to  a  molecule  of  the  potassium 
benzoate,  but  there  was  absolutely  no  difference  to  be  observed  between 
the  neutral  and  alkaline  solutions.  Hence  it  is  evident  that  the 
difference  between  the  sj^ectra  of  benzoic  acid  and  its  salts  is  not  due  to 
any  isodynamic  or  tautomeric  change,  nor  to  hydrolysis,  or  ionisation 
of  the  salts.  Independent  observations  were  made  by  each  of  us  on 
the  absorption  spectra  of  benzamide,  and  the  I'esults  obtained  Avere 
identical. 

Benzamide  shows  an  absorption  curve  with  a  band  almost  the  same 
as  that  of  silver  benzoate.  The  solution  of  benzamide  was  made  with 
alcohol,  that  of  the  benzoate  with  water,  and  the  source  of  rays 
was  the  spark  between  cadmium  electrodes  only. 


Experimental. 

Benzoic  Acid. — This  was  prepared  from  calcium  benzoate  by 
decomposing  it  with  hydrochloric  acid  and  recrystallising  the  product 
several  times.  It  was  obtained  in  beautiful  long  silky  crystals  which 
melted  sharply  at  122°. 

Potassium  and  Silver  Benzoates. — The  salts  were  prepared  with  great 
care,  the  silver  salt  in  particular  ;  it  was  finely  crystallised  and  almost 
white. 

On  comparing  the  curves  it  will  be  seen  that  they  both  commence  at 
the  same  point,  but  the  curve  of  the  molecule  of  the  light]metal  is  long 
and  the  band  narrow,  whilst  that  of  the  salt  of  the  heavy  metal  is  shallow 
and  the  band  broad.  This  recalls  the  spectra  of  the  nitrates,  where  a 
similar  difference  is  to  be  seen  between  the  salts  of  potassium  and 
silver  (Trans.,  1902,  81,  571). 

It  is  interesting  to  note  that  the  heads  of  these  two  curves  are  in  the 
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Fig.  1. 
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1.  Benzoic  acid. 

2.  Bcnzamide. 
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A.  Silver  benzoate. 

B.  Potassiii7n  benzoate. 

same  position  as  that  of  the  first  baud  of  anisole  and  phenetole  (Baly 
and  Collie,  loc.  cit,). 

At  a  uniform  thickness  of  3  mm.  of  solution  containing  1  milligram- 
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molecule  of  substance  in  100  c.c.  of  solvent,  the  bands  photographed 
gave  the  following  measurements  : 

Absorption  bands. 

A.        A.  va.       y\. 

Benzoic  acid,  in  alcohol    38S4  to  3666  3540  to  3750 

Potassium  benzoate,  in  water  2S06   ,,  2777  3563    ,,   3601 

Silver  benzoate,  ,,         SS42   ,,2768  3518    ,,   3612 

Beuzamide,  in  alcohol  2S42   ,,  276S  3518    ,',  3612 

Benzamide. — This  was  prepared  by  the  action  of  benzoyl  chloride 
on  ammonia.     It  was  well  crystallised  and  melted  at   128^. 

Its  absorption  curve,  Fig.  1,  is  almost  identical  with  that  of  eilver 
benzoate,  Fig.  2.  All  the  solutions  were  made  so  that  one  milligram- 
molecule  of  the  substance  was  contained  in  100  c.c.  of  alcohol  or  of 
water  as  the  case  might  be,  and  where  necessary  the  solutions  were 
diluted  ten  times.  It  was  found  best  to  employ  the  cadmium 
electrodes  only,  for  the  benzoates  and  benzamide,  but  for  the  acid  the 
alloys  were  satisfactory. 

Conclusions. 

(1)  The  original  statement  of  Hartley  and  Huntington,  that  benzoic 
acid  shows  an  absorption  band,  is  confirmed  as  being  correct,  and  the 
measurement  of  the  band  given  in  Kayser's  Handhuch  der  Sj^ectroscopie, 
as  from  A  280  to  X  270,  corresponds  with  the  width  of  the  band  observed 
when  a  layer  of  2  mm.  of  a  solution  is  examined,  containing  1 
milligram-molecule  of  the  substance  in  100  c.c.  of  alcohol. 

(2)  Potassium  and  silver  benzoates  exhibit  spectra  with  absorption 
bands  which  are  both  narrower  than  the  band  shown  by  the  acid. 

(3)  Benzamide  also  shows  an  absorption  band  which  bears  a 
stronger  resemblance  to  that  of  silver  benzoate  than  to  that  of  the 
acid  itself  or  of  potassium  benzoate. 

(4)  Since  a  large  excess  of  caustic  alkali  causes  no  alteration  in  the 
absorption  curve  of  potassium  benzoate,  the  band  is  proved  to  be  due 
to  the  benzene  ring. 

Royal  College  of  Science, 
Dublin. 


324 


THORI'E  :    A    REACTION    OF    CERTAIN    COLOURING 


XXX  VI. — A  Reaction  of  certain  Colouring  Mattel's  of  the 
Oxazine  Series 

By  JocELYN  Field  Thorpe. 

During  some  experiments  on  the  staining  of  pathological  sections  for 
the  microscope,  Professor  Lorrain  Smith  and  Dr.  Powell  White,  of 
the  Manchester  University,  made  the  discovery  that  certain  blue 
colouring  matters  of  the  oxazine  series,  when  used  as  a  stain  for  sec- 
tions containing  neutral  fat  globules,  possessed  the  remarkable  property 
of  colouring  the  fatty  matter  red,  while,  in  the  ordinary  course,  stain- 
ing the  protein  matter  blue.  The  two  colouring  matters  of  the  series 
which  they  found  exhil)ited  this  property  most  strongly  were  Nile- 
blue  A  (1)  and  New  Methylene-blue  GG  (2),  altliough  Nile-blue  BB  (3) 
and  Meldola's  blue  (4)  also  gave  the  same  reaction  after  having  been 
previously  boiled  with  very  dilute  minei\il  acid. 


^i-SO.-Et^N 


NH., 


NH-CHaPh 


These  gentlemen  also  found  that  the  compound  producing  the  red  fat 
stain  could  be  extracted  from  the  blue  solution  of  the  colouring  matter 
by  means  of  xylene,  in  which  it  formed  a  red  solution  showing  sti'ong 
yellow  fluorescence,  and  that  after  being  completely  extracted  in  this  way 
more  could  be  obtained  on  warming  the  dye  solution  with  dilute  hydro- 
chloric or  sulphuric  acids.  At  their  request  I  undertook  to  investigate 
the  chemistry  of  this  phenomenon. 

Experiments  with  several  tyjjical  dye-stuffs  of  the  oxazine  series 
showed  at  once  that  this  reaction  was  exhibited  only  by  those  colouring 
matters  which  are  derivatives  of  phenonaphthoxazine  (5),  and  that  those 
dyes  which  are  derivatives  of  phenoxazine   (6)  were  not  capable  of 
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being  converted  into  a  red  compound  under  the  same  experimental 
conditions. 

O  O 


Thus  the  two  Capri-blues  GN  (7)  and  GON   (8)  did   not  give  this 
i-eaction,  which  was,  however,  exhibited  by  New-blue  B  (Cassella)  (9), 


NMe.,Cl 


NH-C,H,-NMe., 


as  well  as  ty  tliose  colouring  matters  the  formulae  of  which  are  given 
on  page  324.  The  oxazine  colouring  matters  which  are  capable 
.of  being  .converted  into  a  red  compound  can  therefore  be  divided  into 
two  classes.  {a)  Those  derivatives  of  phenonaphthoxazine  which 
.contain  an  amino-  or  substituted  amino-gi'oup  in  the  position  6.'^ 
b)  Those  which  have  this  position  free.  Of  class  («),  Nile-blue  A 
{I),  Nile-blue  BB  (3),  New  Methylene-blue  GG  (2),  and  New-blue  (B) 
(9)  are  instances,  whereas  the  only  commercial  colouring  matter  which 
falls  into  class  (h)  is  Meldola's  blue  {-4). 

In  the  case  of  dye-stuffs  of  class  {a),  the  production  of  the  red 
compound  is  due  to  the  replacement  of  the  amino-  or  substituted 
amino-group  by  hydroxyl  and  the  consequent  formation  by  intermole- 
cular  change  (see  p.  331)  of  the  corresponding  phenonaphthoxazoiie. 
Thus  Nile-blue  A  (1)  and  Nile-blue  BB  (3)  are  converted  into 
3-diethylaminophenonaphthoxazone  (10),  whereas  New  Methylene- 
blue  GG  (2,)  and  New-blue  B  (9)  are  converted  into  3-dimethyl- 
aminophenonaplithoxazon  e  (11). 

*  The  metliod  of  numbering  is  that  recommenduJ  by  Kehnnanu  and  Gauhe  {Ber. 
1897,  30,  2131). 

VOL.   XCI.  Z 
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Et^N  O  O  MegN  O  O 

J.        f 
N       j        1  N 

(10).  (11). 

Both  these  compounds  liavebeea  prepared  hy  Muhlau  and  Uhhnann, 
the  former  {Annalen,  1896,  289,  124)  by  the  interaction  of  nitroso- 
diethyl-m-aminophenol  and  a-naphthol,  and  the  latter  (loc.  cit.,  p.  126) 
from  nitrosodimethyl-??i-aminoplienol  and  a-naphthol.  The  compounds 
prepared  from  the  colouring  matters  mentioned  above  ai-e  identical 
with  these  substances  described  by  Mohlau  and  Uhlmann. 

The  rapidity  with  which  the  colouring  matters  of  Class  {a)  are  con- 
verted into  the  oxazones  is  dependent  on  the  condition  of  the  amino- 
group  in  the  ))osition  6.  If  this  group  is  unsubstituted,  as  is  the 
case  in  Nile-blue  A  (1),  its  replacement  takes  place  remarkably  quickly, 
and  an  aqueous  solution  of  3  grams  of  the  blue  can  be  completely 
converted  into  the  oxazone  on  heating  on  the  water- bath  for  twelve 
hours,  provided  that  the  solution  is  rendered  .slightly  acid  by  means 
of  dilute  sulphuric  acid  and  that  it  is  covered  with  some  suitable 
solvent  such  as  xylene,  which  will  extract  the  oxazone  as  soon  as  it  is 
formed. 

No  trace  of  diethylaminophenonaphthoxazone  (10)  can  be  extracted 
from  the  solid  colouring  matter,  and  it  is  apparently  first  formed  on 
dissolving  the  dye  in  water.  The  quantity,  however,  produced  in  this 
way  is  extremely  small,  but  owing  to  the  fluorescence  exhibited  by  its 
solutions,  its  presence  can  be  readily  detected  by  shaking  the  dye 
solution  with  ether  or  xylene. 

If  the  amino-group  is  substituted  by  alphyl  groups,  as  is  the  case 
in  New  Methylene-blue  (2),  its  replacement  takes  place  almost  as 
quickly  as  when  it  is  unsubstituted.  Thus  a  solution  of  3  grams  of 
New  Methylene-blue  can  be  completely  converted  into  dimethylamino- 
phenonaphthoxazone  (11)  on  heating  on  the  water-bath  for  fifteen 
hours,  the  conditions  being  the  same  as  those  indicated  in  the  case  of 
Nile-blue  A.  If,  however,  the  amino-group  is  substituted  by  benzyl 
(Nile-blae  BB)  or  by  the  dimethylaminophenyl  group  (New-blue  B), 
its  replacement  takes  place  with  much  greater  difficulty,  and  it  is 
necessary  to  heat  an  acidified  solution  of  the  dye  for  several  days 
before  the  whole  of  it  will  have  been  transformed  into  the  oxazone. 

Both  dimethylaminophenonaphthoxazone  (11)  and  diethylamino- 
phenonaphthoxazone (10)  form  salts  with  hydrochloric  acid  containing 
one  equivalent  of  the  acid.  These  salts  form  deep  blue  stable  solu- 
tions in  hot  dilute  hydrochloric   acid,  but  are  dissociated  by  water. 
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It  is  probable  therefore  that  they  possess  the  formulre  (12)  and  (13) 
respectively, 


OH 


OH 


(12).  (13). 

and  that  the  passage  of  the  salt  to  the  base  is  accompanied  by  inter- 
raolecular  xearraagement.  In  any  case,  if  the  ^>quinone  formula  for 
these  dyesfcuffs  is  correct,  compounds  of*  formula)  (12)  and  (13)  miist 
occur  as  intermediate  products  in  the  transformation  of  Nile-blue  A 
and  New  Methylene-blue  GG  into  the  corresponding  oxazones.  If, 
however,  the  oxonium  formula  of  Kehrmann  is  employed,  the  assump- 
tion of  an  intermolecular  change  is  unnecessaiy.  Thus,  in  the  case  of 
New  Methylene-blue,  the  change  can  be  represented  by  the  formuhe 
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It  should  be  mentioned,  nevertheless,  in  connexion  with  this  point, 
that  2-aminoplienonaphthoxazone  (14),  which  Kehrmann  and  Gauhe 
{Ber.,  1897,  30,  2132)  prepared  from  the  corresponding  2-nitro- 
derivative,  and  which  is  precluded  from  forming  a  jo-quinone  salt, 
although  not  from  yielding  a  salt  of  oxonium,  dissolves  in  dilute 
hydrochloric  acid,  forming  a  yellow,  solution, 

O  O  HoN  0  O 


H.,N 


N 


(14).  (15). 

whereas  3-aminophenonaphthoxazone  (15),  also  prepared  by  Kehrmann 
and  Gauhe  (loc.  cit.,  2136),  in  which  the  formation  of  a  jo-quinone  salt 

z  2 


328 


THORPE  :    A    REACTION    OF   CERTAIN   COLOURING 


is  2)ossible,  gives  violet-blue  solutions  in  dilute  mineral  acids,  or,  in 
other  words,  behaves  in  the  same  way  as  the  3-dialkylaminopheno- 
naphthoxazones  described  above. 

There  can  be  no  doubt  that  the  blue  salts  of  the  dialkylamino- 
phenonaphthoxazones  remain  dissolved  in  the  dye  solutions  from  which 
they  are  derived ;  at  any  rate,  a  considerable  proportion  of  the  oxazine 
colouiing  matter  can  be  converted  into  the  salt  of  the  oxazone  without 
any  dissociation  of  this  salt  taking  place.  This  can  be  readily  shown 
by  taking  advantage  of  the  fact  that  if  wool  is  boiled  in  a  hot  acidified 
solution  of  the  salt  of  the  oxazone  it  is  dyed  a  deep  blue,  which,  owing 
to  the  decomposition  of  the  salt  on  the  fibre,  is  changed  to  red  on 
washing  with  water.  Nile-blue  A  can  be  boiled  for  a  considerable 
time  with  dilute  acid  without  any  appreciable  change  in  colour  taking 
place,  but  if  wool  is  dyed  in  the  boiled  solution  of  the  blue,  a  dyed  fabric 
will  be  obtained  which  will  become  markedly  purple  on  washing  with 
water ;  moreover,  the  presence  of  the  oxazone  in  large  amount  in  the 
boiled  dye  solution  can  be  illustrated  by  the  fact  that  when  shaken 
with  xylene  the  xylene  solution  becomes  strongly  fluorescent. 

Xylene  thei^efoi'e  has  the  power  of  extracting  the  weak  oxazone  base 
from  a  solution  of  its  salt,  and  there  can  be  no  doubt  that  the  mechan- 
ism of  the  reaction  by  which  the  neutral  fat  globules  are  stained  red 
is  of  the  same  kind.  The  fat,  in  which  the  oxazone  is  readily  soluble, 
extracts  the  base  from  the  solution  of  its  salt,  becoming  thereby 
coloured  a  brilliant  red  ;  at  the  same  time  the  protein  matter  in  the 
section  is  coloured  blue  by  the  excess  of  unchanged  Nile-blue  present. 

The  only  commercial  colouring  matter  belonging  to  Class  (b)  is 
Meklola's  blue  (4),  which  does  not  give  the  red  fat  stain  until  it  has 
been  boiled  for  some  time  with  dilute  acid.  In  this  case  also  the  com- 
povind  producing  the  red  stain  can  be  extracted  by  means  of  xylene. 
When  isolated,  this  substance  was  found  to  be  identical  with  the  com- 
pound produced  fx'om  New  Methylene-blue,  or,  in  other  words,  to  be 
3-dimethylaminophenonaphthoxazone  (11)  : 

O  ClMe^N  O  OH 
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In  this  case,  therefore,  the  entrance  of  an  hydroxyl  group  has  been 
caused  to  take  place  in  the  position  6. 

On  searching  the  literature  for  other  instances  of  this  rather  remark 
able  reaction,  it  was  found  that  Fischer  and  Hepp  {Ber.,  1903,  36, 
1810)  had  recorded  a  similar  reaction  in  the  case  of  phenonaphthox- 
azone  (16),  which  they  found  on  boiling  in  alcoholic  solution  with 
hydrochloric  acid  to  be  partially  transformed  into  3-hydroxypheno- 
naphthoxazone  (17). 

They  explain  this  reaction  by  assuming  that  water  is  first  added  on 
to  the  quinone  ring,  forming  an  oxime,  from  which  the  phenonaphth- 
oxazone  is  produced  by  intermolecular  change ;  the  two  superfluous 
hydrogen  atoms  being  removed  by  the  oxygen  of  the  air  thus  : 

0  0  HO  O 


+    H,0      -^ 


-> 


(16). 


N(0H) 


HO  O  O 


+   H... 


(17). 


In  the  case  of  Meldola's  blue  it  is  probable  that  these  hydrogen 
atoms  reduce  a  portion  of  the  colouring  matter  to  its  leuco-base.  Strong 
evidence  was  obtained  of  the  formation  of  this  base,  although  it  was 
not  found  possible  to  isolate  it  in  a  condition  sufficiently  pure  for 
analysis.  The  leuco-base,  however,  readily  oxidises  in  the  air,  regenei-at- 
ing  the  base  of  the  colouring  matter,  and  therefore  if  precautions  are 
taken  to  allow  of  the  free  access  of  air  from  time  to  time  during  the 
course  of  the  experiment,  about  80  per  cent,  of  a  weighed  quantity  of 
Meldola's  blue  can  be  converted  into  the  oxazone. 

Mohlau  and  Uhlmann  [Amialen,  1896,  289,  120)  prepared  the  base 
both  of  3-dimethylaminophenonaphthoxazine  chloride  (Methyl  Nile- 
blue)  and  of  3-diethylaminophenonaphthoxazine  sulphate  (Ethyl  Nile- 
blue,  Nile-blue  A),  and  describe  these  compounds  as  forming  strongly 
fluorescent  solutions  in  organic  solvents.  These  substances,  which  in 
their  anhydrous  state  have  the  formulje  (18)  and  (19)  respectively. 
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(18).  (19). 

were  prepared  from  the  solution  of  the  colouring  matter  by  the  action 
of  caustic  soda.  The  base  of  Nile-l)liie  A  according  to  my  experiments 
docs  not  form  solutions  which  are  lluorescent  in  ordinary  daylight,  and 
it  is  only  when  it  is  mixed  -with  the  corresponding  oxazone  that  such 
fluorescent  solutions  are  produced. 

Experiments  show  that  it  is  impossible  to  obtain  the  base  of  tlie 
colouring  matter  in  the  manner  described  by  tliese  chemists  without  it 
being  mixed  with  varying  quantities  of  the  oxazone.  Mcihlau  and 
Uhlmann  obtained  the  base  in  pale  brown  needles  from  hot  dilute 
alcohol,  a  process  in  itself  probably  sufficient  to  convert  some  of  it  into 
the  oxazone.  Moreover,  they  only  estimated  the  percentage  of  carbon 
and  hydrogen  in  their  product,  which,  since  the  difference  in  the  per- 
centage of  these  elements  in  the  oxazone  and  oxazine  is  within  the 
limits  of  experimental  error,  is  not  sufficient  to  distinguish  between 
them.  A  nitrogen  determination  would  have  indicated  that  they  were 
working  with  a  mixtm-e  of  the  two  compounds. 

That  the  base  of  Nile-blue  A  forms  non-fluorescent  solutions  is 
shown  by  the  following  experiment.  An  acidified  solution  of  the 
colouring  matter  was  extracted  with  xylene  until  the  extract  ceased 
to  be  coloui'ed,  when  it  was  cautiously  treated  with  dilute  caustic  soda 
solution  and  again  extracted  with  xylene.  The  insoluble  base  which 
was  precipitated  on  the  addition  of  the  alkali  dissolved  in  the  xylene, 
imparting  to  it  a  deep  red  colour  without  fluorescence.  The  xylene 
solution  was  carefully  dried  and  then  concentrated  by  distillation, 
the  residue  after  being  freed  from  the  remainder  of  the  xylene  on 
the  water-bath  being  crystallised  from  benzene.  The  pale  brown 
needles  obtained  in  this  way  were  dried  at  100°  to  constant  weight 
and  analysed  : 

0-2307  gave  26-3  c.c.  of  nitrogen  at  17°  and  765  mm.     N  - 13-43. 
CooHj.jONg  requii-es  N  =  13-3  per  cent. 

The  base  dissolves  in  most  of  the  usual  organic  solvents,  forming 
reddish  solutions  without  fluorescence,  all  the  other  properties  of  the 
compound  being  the  same  as  those  described  by  Mbhlau  and  Uhlmann. 
It  differs  from  the  oxazone  in  being  completely  extracted  from  its 
xylene  solution  by  means  of  dilute  hydrochloric  acid,  whereas  a  solu- 
tion of  the  oxazone  can  be  shaken  with  dilute  acid  without  any  of  it 
being  extracted.     In  this  way  the  presence  of  the  oxazone  in  the  base 


MATTERS   OF   THE   OXAZINE   SERIES,  331 

prepared  according   to  the   directions  of  Mohlau  and   Uhlmana  was 
established. 

Formation  of  ^- Diethylaminoj)henona]ihthoocazone  from  jVile-blue  A 
and  from  Nile-blue  '2B, 

Nile-blue  A. — In  the  first  instance  the  solid  commercial  colouring 
matter  was  extracted  with  ether  and  with  xylene.  In  both  cases  the 
solvent  remained  colourless,  showing  that  the  oxazone  was  not  present  ; 
in  order,  however,  to  remove  any  impurities  a  quantity  of  the  colour- 
ing matter  was  crystallised  from  water  and  the  amount  of  nitrogen 
determined  in  the  product : 

0'2154  gave  19-6  c.c.  of  nitrogen  at  17^  and  770  mm.     N  =  11-63. 
(C2oIl2(jON3)2,S04  requires  N  =  1 1  "5  per  cent. 

Three  grams  of  the  purified  dye  were  dissolved  in  500  c.c.  of  water 
contained  in  a  large  flask,  3  c.c.  of  concentrated  sulphuric  acid  added, 
and  the  solution  mixed  with  100  c.c.  of  xylene.  On  shaking  the  flask 
vigorously  a  considerable  amount  of  red  colouring  matter  passed  into 
solution  in  the  xylene,  imparting  to  it  a  characteristic  yellow  fluor- 
escence. The  flask  was  then  heated  on  the  water-bath  for  twelve 
hours,  being  constantly  shaken  during  the  period  of  heating,  The 
colour  of  the  xylene  gradually  increased  in  intensity,  and  at  the  end  of 
the  time  named  had  become  deep  red  with  strong  yellow  fluorescence  ; 
at  the  same  time  the  colour  of  the  dye  solution  became  weaker,  and  at 
the  end  of  the  twelve  hours  had  practically  disappeared.  The  xylene 
solution  was  then  separated  and  concentrated  by  distillation,  the 
residue  being  poured  into  an  evaporating  dish  and  freed  as  far  as 
possible  from  xylene  by  heating  on  the  water-bath.  The  residue, 
which  solidified  on  cooling,  was  washed  with  a  little  ether  to  free  it 
fi'om  the  last  traces  of  xylene,  filtered,  and  crystallised  from  light 
petroleum  (b,  p,  80 — 100*^).  In  this  way  the  oxazone  was  obtained 
in  brown  glistening  lamina?,  with  faint  green  metallic  reflex, 
melting  at  205°: 

0-2009  gave  15-2  c.c.  of  nitrogen  at  24°  and  765  mm,     ]Sr  =  8-63, 
CgoHjgOgNg  requires  N  =  8'8  per  cent. 

The  properties  of  the  oxazone  correspond  in  every  way  with  those 
of  3-diethylaminophenonaphthoxazone,  described  by  Mohlau  and 
Uhlmann. 

The  hydrochloride,  CoqH-i^O^^^'^^^  '"'^s  prepared  by  boiling  the 
oxazone  with  dilute  hydrochloric  acid  and  allowing  the  deep  blue  solu- 
tion to  cool,  the  dark  blue  crystalline  precipitate  which  then  separated 
being  isolated  by  filtration  and  dried  in  an  evacuated  desiccator.  It 
was  analysed  by  boiling   a   weighed  quantity  with  water  until  the 
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filtrate  was  colourless,  filtering,  and  estimating  the  amount  of  hydro- 
chloric acid  in  the  filtrate  : 

0-2103  gave  0  0858  AgCl.     CI  =  10-13. 

C2oHi802N2,HCl  requires  CI  =  10-1. 

Nih-hlue  2B. — The  solid  commercial  dyestuff  when  warmed  with 
ether  or  xylene  imparted  no  colour  to  the  solvent,  neither  did  a 
solution  of  it  when  shaken  with  these  liquids  give  any  indication  of 
the  presence  of  the  oxazone.  A  quantity  was  purified  by  crystallisation 
from  water  and  analysed  : 

0-2210  gave  17*9  c.c.  of  nitrogen  at  18°  and  771  mm.     N'  =  9-62. 
C27H250N3,HC1  requires  N  =  9-5  per  cent. 

Six  grams  of  the  purified  colouring  matter  were  dissolved  in 
1000  c.c.  of  water,  and  after  being  mixed  with  10  c.c.  of  concentrated 
hydrochloric  acid  and  200  c.c.  of  xylene  heated  on  the  water-bath, 
with  constant  shaking,  for  twenty-four  hours.  During  the  course  of 
heating  the  upper  layer  of  xylene  gradually  became  intensely 
fluorescent,  but  at  the  end  of  the  time  named  the  dye  solution  still 
remained  strongly  coloured.  The  xylene  solution  was  therefore 
removed  l)y  aid  of  the  separating  funnel  and  the  blue  solution  of  the 
dye  mixed  with  100  c.c.  of  fresh  xylene,  and  the  heating  continued. 
Meanwhile  the  xylene  solution  from  the  first  extraction  was  concen- 
trated by  distillation,  and  the  residue,  after  being  freed  from  xylene 
on  the  water-bath,  washed  with  ether  and  crystallised  from  light 
petroleum  (b.  p.  80—100°). 

The  oxazone  prepared  in  this  way  was  in  every  way  identical  with 
the  compound  derived  from  Nile-blue  A  : 

0-2517  gave  183  c.c.  of  nitrogen  at  16°  and  768  mm.     N  =  8-64. 
CjoHjgOgNg  requires  N  =  8-8  per  cent. 

The  quantity  obtained  from  this  experiment  was  about  0*5  gram. 
The  dye  solution  which  had  been  mixed  with  a  further  quantity  of 
xylene  was  heated  for  twenty-four  hours  longer,  when  a  further  amount 
of  about  0-5  gram  of  the  oxazone  was  obtained  on  evaporating  the 
xylene  solution.  Fresh  xylene  was  then  again  added  and  the  heating 
continued,  the  process  being  repeated  until  the  solution  of  the  dye  had 
become  colourless,  an  operation  which  required  96  hours  in  all. 

The  aqueous  solution  from  these  experiments  was  evaporated  on  the 
water-bath  to  a  small  bulk,  filtered,  and  the  filtrate  rendered  alkaline 
by  means  of  dilute  caustic  soda  solution.  The  oil  which  then  separated 
was  extracted  by  means  of  ether,  the  ethereal  solution  dried,  and  freed 
from  ether  by  evaporation.  The  small  quantity  of  residual  oil  boiled 
at  185°  and  the  following  analysis  showed  it  to  be  benzylamine : 

0-2103  gave  0-6037  CO^  and  0-1607  HgO.     C  =  78-32;  H  =  8-49. 
C-HgN  requires  C  =  78-5  ;  H  =  8-4  per  cent. 
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Formation  of  ^-Dimethylaminophenonaphthoxazonefrom  New  Methylene- 
blue  GG  and  from  New-hlue  B. 

Methylene-hlue  GG. — The  specimen  of  this  colouring  matter  was 
obtained  from  Dr.  Griibler,  of  Leipzig,  and  had  been  specially  purified 
for  pathological  work.  It  was  shown  to  be  pure  by  the  following 
analysis  : 

0-2010  gave  20-6  c.c.  of  nitrogen  at  18°  and  769  mm.     N  =  12-12. 
CgoHjgOISrgjHCl  requires  N  =  ir9  per  cent. 

In  the  first  instance  the  pure  dyestuff  was  extracted  with  xylene  in 
order  to  ascertain  whether  any  of  the  oxazone  was  present.  Since  the 
xylene  did  not  become  coloured  even  on  warming  it  was  apparent  that  the 
solid  dye  did  not  contain  any ;  3  grams  were  therefore  dissolved  in  500  c.c. 
of  water,  5  c.c.  of  concentrated  hydrochloric  acid  added,  and  the  mixture 
covered  with  100  c.c.  of  xylene.  The  xylene  solution  became  strongly 
coloured  on  vigorously  shaking  the  flask,  showing  that  the  oxazone  had 
commenced  to  be  formed  as  soon  as  the  colouring  matter  had  dissolved 
in  water.  The  mixture  was  heated  on  the  water-bath  for  fifteen  hours, 
the  flask  being  constantly  shaken  throughout  the  time  of  heating. 
The  xylene  solution  became  gradually  deeper  in  colour  as  the  reaction 
progressed,  and  the  colour  of  the  dye  solution  became  gradually  weaker, 
until  at  the  end  of  the  fifteen  hours  the  xylene  had  become  deep  red 
in  colour  with  strong  yellow  fluorescence  and  the  colour  of  the  dye 
solution  had  practically  disappeared.  The  layer  of  xylene  was  separated 
and  freed  from  xylene  first  by  distillation  and  finally  by  evaporation 
in  an  open  basin  on  the  water-bath.  The  solid  product  when  crystal- 
lised from  xylene  was  obtained  in  long,  dark  coloured  needles,  appear- 
ing brown  by  transmitted  light,  which  melted  at  244°  to  a  red  liquid 
with  green  metallic  reflex  : 

0-2071  gave  17-0  c.c.  of  nitrogen  at  15-5°  and  777  mm.     N  =  9-85. 
CjgHj^OgNg  requires  N  =  9-7  per  cent. 

The  oxazone,  which  is  in  all  respects  identical  with  the  compound 
prepared  by  Mohlau  and  XJhlmann,  dissolves  in  hot  dilute  hydrochloric 
acid,  forming  a  deep  blue  solution  from  which  the  hydrochloride  sepa- 
rates on  cooling  in  dark  blue  needles  with  metallic  reflex.  The  salt, 
which  is  dissociated  by  water,  was  analysed  by  boiling  a  weighed 
quantity  with  water,  filtering,  and  estimating  the  amount  of  hydrogen 
chloride  in  the  filtrate  : 

0-2171  gave  0-0948  AgCl.     01  =  10-81. 

Ci8Hi^0.,N,,HCl  requires  CI  =  10-9  per  cent. 

New-hlue  B. — This  colouring  matter,  which  for  the  purposes  of  this 
research  was  obtained  from  Messrs.  Cassella  &  Co.  of  Fr-ankfort-am- 
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Main,  has  recently  formed  the  subject  of  a  communication  by 
J.  Formanek  in  a  paper  dealing  with  the  spectroscopic  investigation  of 
the  colouring  matters  of  the  oxazine  series  {Zeilsch.  Farh.  Intl.,  1907,  6, 
1).  The  dyestuff  is  prepai-ed  by  the  action  of  a5?/m-dimethyl-/?-phenyl- 
enediamino  on  Meldola's  bhie,  and  Formdnek  finds,  as  a  result  of  the 
study  of  the  absorption  spectra  given  by  a  dilute  solution,  that  it  is 
always  admixed  with  a  quantity  of  unchanged  Meldola's  blue.  It 
was  noticed  that  tlie  dyestuff  after  repeated  recrystallisation  did  not 
appear  to  be  a  homogeneous  substance  and  that  the  percentage  of 
nitrogen  in  the  recrystallised  product  always  gave  a  value  too  low  for  a 
compound  corresponding  with  the  constitution  assigned  to  New-blue  B. 
It  was  therefore  not  found  possible  to  prepare  a  pure  specimen  of  the 
colouring  matter,  and  since  Meldola's  blue  also  gives  3-dimethylamino- 
phcnon;iphthoxazone  on  boiling  with  dilute  acids,  it  was  dithcult  to 
prove  conclusively  that  the  oxazone  had  been  formed  by  the  elimination 
of  the  dimethyl-;j-phenylenediamine  residue  from  New-blue  B. 

The  point  was,  however,  settled  by  the  actual  isolation  of  asi/m-di- 
meth}  l-;)-phenylenediamine  from  the  mother  liquors  after  the  conver- 
sion of  the  colouring  matter  into  the  oxazone. 

The  process  adopted  was  similar  to  that  used  in  the  previous  cases. 
Six  grams  of  the  blue  were  dissolved  in  1000  c.c.  of  water  and,  after 
being  mixed  with  10  c.c.  of  concentrated  hydrochloric  acid  and  200  c.c. 
of  xylene,  heated  on  the  water-bath,  with  constant  shaking,  for  twelve 
hours.  After  this  time  the  strongly  coloured  xylene  solution  was 
separated  and  the  dye  solution  again  mixed  with  xylene  and  heated  for 
a  further  twelve  hours.  The  xylene  solution  was  then  once  more 
separated  and  the  aqueous  solution  mixed  with  fresh  xylene  and  again 
heated  for  twelve  hours.  After  this  process  had  been  repeated  five 
times,  the  colour  of  the  dye  solution  had  almost  disappeared.  It  was 
then  evaporated  to  a  small  bulk  on  the  water-bath,  the  free  hydrochloric 
acid  being  in  the  first  instance  eliminated  by  the  addition  of  sodium 
acetate.  The  small  quantity  of  unchanged  colouring  matter  in  the 
evaporated  solution  was  then  precipitated  by  means  of  a  solution  of 
tannic  acid  in  sodium  acetate,  and  the  clear  filtrate  rendered  alkaline 
with  a  dilute  solution  of  caustic  soda.  The  alkaline  solution  was  then 
extracted  with  ether,  the  ethereal  extract  dried,  and  evaporated  free 
from  ether,  when  a  solid  residue  was  obtained  which  on  crystallisation 
fl'oma  mixture  of  benzene  and  light  petroleum  yielded  as?/?>i-dimethyl- 
^-phenylenediamine  in  needles  melting  at  41° : 

0-2191  gave  0-5647  COg  and  0-1755  Hp.     C;=  70-30;  H  =  8-91. 
CgHjgNg  requires-  C  =  70-6  ;  H  =  8-8  per  cent. 

The  xylene  solutions  collected  from  the  above  experiments  were 
concentrated  by  distillation,  the  residue  poured  into  an  evaporating 
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basin,  and  freed  from  xylene  on  the  water-bath.  The  solid  residue,  on 
crystallisation  from  xylene,  yielded  dark  coloured  needles  melting  at 
244:'^,identical  withS-dimethylaminophenonaphthoxazone  obtained  in  the 
former  experiment  : 

0-2115  gave  17-35  c.c.  of  nitrogen  at  15°  and  775  mm.     N  =  987. 
OjoHj^OgNg  requires  N  =  9-7  per  cent. 

Formation  of  ?)-Dimetkylaminoj)henonaphthoxazone  from  MeldohCs  Blue- 

The  specimen  of  Meldola's  blue  used  in  this  experiment  had  been 
specially  purified  for  pathological  work  by  Dr.  Griibler,  of  Leipzig;  the 
following  analysis  showed  it  to  be  pure  : 

0-2313  gave  18-00  c.c.  of  nitrogen  at  19°  and  770  mm.     N=:9-17. 
CjgH^^ONgjHCl  requires  N  =  9-0  percent. 

In  order  that  Meldola's  blue  may  be  completely  converted  into  the 
oxazone  it  is  necessary  (as  explained  on  page  329)  that  oxidation 
should  take  place  at  the  same  time,  or,  in  other  words,  that  only  half 
of  the  blue  can  be  converted  into  the  oxazone  at  the  expense  of  the 
other  half,  which  becomes  thereby  reduced  to  the  leuco-base.  The 
process  adopted  was  as  follows. 

Three  grams  of  pure  Meldola's  blue  were  dissolved  in  500  c.c.  of 
water,  acidified  by  the  addition  of  5  c.c.  of  concentrated  hydrochloric 
acid,  and  mixed  with  100  c.c.  of  xylene.  On  shaking  the  mixture,  the 
xylene  remained  colourless,  showing  that  no  immediate  formation  of 
the  oxazone  takes  place  on  solution  in  water.  On  standing,  however, 
and  again  shaking,  the  xylene  showed  traces  of  fluorescence, 
indicating  that  the  process  takes  place  slowly  at  the  ordinary 
temperature.  The  mixture  was  heated  on  the  water-bath  for  twenty- 
four  hours,  after  which  time  the  xylene  solution  had  become  deeply 
coloured  and  strongly  fluorescent.  These  facts  are  in  accordance  with 
the  behaviour  of  Meldola's  blue  when  used  as  a  stain.  When  the 
solution  of  the  colour  is  first  prepared  it  does  not  possess  the  power  of 
staining  fat  red  in  a  pathological  section,  but  after  boiling  for  a  short 
time  with  dilute  acids  it  possesses  this  property  to  a  marked  degree. 
The  xylene  solution  was  separated,  and  the  dye  solution,  which  con- 
tained a  considerable  quantity  of  brownish  insoluble  matter,  filtered. 
All  attempts  made  with  the  object  of  purifying  this  precipitate  were 
unsuccessful,  since  it  rapidly  oxidised  in  the  air.  It  was,  therefore, 
again  transferred  to  the  dye  solution  and  the  whole  placed  in  a 
large  Winchester-quart  bottle,  which  it  half  filled,  and  the  bottle 
shaken  on  the  shaking  machine  for  twelve  hours.  After  this  time  it 
was  noticed  that  the  precipitate  had  again  passed  into  solution,  and  the 
mixture  was  therefore  transferred  to  the  original  flask,  covered  with 
100  c.c.  of  xylene,  and  heated  with  constant  shaking  for  eight  hours, 
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The  xylene  was  then  again  separated  and  the  dye  solution  subjected  to 
a  further  shaking  for  twelve  hours,  and  once  again  heated  with  100 
c.c.  of  xylene  for  six  liours.  The  xylene  solutions  from  these  experi- 
ments wore  concentrated  by  distillation,  the  concentrated  solution 
evaporated  free  from  xylene  on  the  water-bath,  and  the  residue 
crystallised  from  xylene.  3-Dimethylaminophenonaphthoxazone 
obtained  in  this  way  melted  at  244°,  and  was  in  all  respects  identical 
with  the  compound  prepared  in  the  previous  cases  : 

0  2358  gave  19-35  c.c,  of  nitrogen  at  15  5°  and  774  mm.  N  =  9  83. 
CjgHj^OgNg  requires  N  =  9"7  per  cent. 

It  is,  of  course,  impossible  by  this  means  to  convert  the  whole  of 
the  Meldola's  blue  into  the  oxazone,  but  from  the  experiments 
described  an  amount  of  3-dimethylaminophenonaphthoxazone  was 
obtained  corresponding  with  80  per  cent,  of  the  amount  of  blue 
taken. 

Experiments  tvith  Capri-blue  GN"  and  Capri-blue  GON'. 

These  colouring  matters  were  experimented  on  in  order  to  ascertain 
Avhether  derivatives  of  phenoxazine  containing  amino-  or  substituted 
amino-gi'oups  in  the  /(position  to  the  oxazine  nitrogen  would  behave 
in  the  same  way  as  the  corresponding  derivatives  of  phenonaphth- 
oxazine.  Experiments  with  the  two  Capri-blues  mentioned  above,  the 
formula?  of  which  are  given  on  page  325,  showed  that  these  coloux-iug 
matters  did  not  possess  the  property  of  staining  fat  either  when 
dissolved  in  water  or  after  boiling  for  a  considerable  time  with  dilute 
acids.  The  experiments  with  xylene  bore  out  these  indications,  and 
although  after  heating  an  acidified  solution  of  these  colouring  matters 
for  several  days  with  xylene  the  xylene  solutions  became  faintly  red, 
yet  the  amount  of  substance  obtained  on  evaporating  the  xylene  was 
too  small  for  further  investigation. 

My  thanks  are  due  to  Mr.  A.  R.  Smith,  of  the  Manchester  Univer- 
sity, for  valuable  help  given  during  the  course  of  this  investigation. 

Manchester  University. 
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XXXYIL— The  Alkaloids  of  Ergot. 

By  George  Barger  and  Francis  Howard  Carr. 

The  great  medicinal  importance  of  ergot  has  led  to  numerous  chemical 
researches,  which  have  mostly,  however,  resulted  in  little  that  is 
definite,  possibly  owing  to  the  fungoid  nature  of  the  plant.  As  in  the 
case  of  many  drugs,  the  therapeutic  properties  of  ergot  have  been 
attributed  to  the  presence  of  one  or  more  alkaloids,  but  several 
investigators  have  of  late  years  denied  to  the  ergot  alkaloids  any 
part  in  the  specific  activity  of  the  drug.  The  problem  is  further  com- 
plicated by  the  extremely  small  alkaloidal  content  (about  0"1  per 
cent.) ;  this  makes  the  preparation  of  even  a  moJerate  supply  of 
material  very  expensive. 

The  first  to  establish  the  presence  of  fixed  alkaloids  in  ergot  was 
Wenzell  {Anier.  J.  Fhann.,  186i,  36,  193),  who  in  1864  applied  the 
names  ecboline  and  ergotine  to  two  impure  resinous  preparations 
giving  alkaloidal  reactions.  His  observations  were  confirmed  by 
Ganser  {Arch.  Fharm.,  1870,  194,  195).  To  Tanret,  however,  belongs 
the  credit  of  having  first  obtained  from  ergot  a  well-defined  crystalline 
alkaloid,  which  he  named  ergotinine  in  order  to  distinguish  it  from  the 
resinous  ergotine  of  Wenzell  and  others  {Gomqjt.  rend.,  1875,  81,  896  ; 
1878,  [86,  888;  Ann.  Chim.  Phys.,  1879,  [v],  17,  493).  From  the 
mother  liquors  of  this  base  Tanret  obtained  a  further  yield  of  alkaloid 
in  an  amorphous  form.  Since  this  amorphous  alkaloid  in  other  respects 
closely  resembled  the  crystalline,  he  called  it  amorphous  ergotinine. 
Tanret's  crystalline  alkaloid  has  been  found  by  all  subsequent 
observers.  According  to  Blumberg  (Inaug.  Diss.  Dorpat,  1878)  it  is 
probably  identical  with  the  pici  osclerotine  of  Dragendorff  and 
Podwyssozki  {Arch.  expt.  Path.  Pharm.,  1876,  6,  153);  the  term  sclero- 
crystalline  used  by  Podwyssozki  {Pharm.  Zeitschr.  fur  Russland,  1883, 
22,  396)  is  also  merely  another  name  for  Tanret's  alkaloid,  and  the 
same  applies  to  the  secaline  of  Jacobj  {Arch.  expt.  Path.  Pharm., 
1897,  39,  104).  According  to  Robert  {Arch.  expt.  Path.  Pharm., 
1884, 18,  316)  crystalline  ergotinine  has  but  slight  if  any  physiological 
activity,  so  that  when  he  obtained  an  impure  alkaloidal  resin  of  great 
toxicity  he  proposed  for  it  the  new  name  cornutine.  According  to 
Tanret  {J.  Pharm.  Chim.,  1885,  [v],  11,  309  ;  1894,  [v],  30,  229), 
Keller  {Schweiz.  Wochenschr.  C/mn.  Pharm.,  1891,  32,  121;  1896, 
34,  65),  and  Meulenhoff  {Per.  Nederl.  Maatsch.  Pharm.,  1899, 
[viii].  No.  1  ;  Ned.  Tydschr.  Pharm.  1900,  12,  225,  257),  cornutine 
does  not  occur  as  such  in  ergot,  but  is  an  artificial  decomposition 
product   of  ergotinine,    formed  by   the  acid    used   in  its   extraction. 


fi^H  lUnOER   AND  CARR  :    THE    Al.KALOlDS   OF    EllGOT. 

In  the  course  of  a  prolonged  investigation  of  ergot  we  obtained 
the  second  amorphous  alkaloid  for  the  first  time  in  a  state  of 
purity  by  crystallising  its  salts,  and  were  thus  able  to  distinguish  it 
from  ergotinine,  which  is  itself  crystalline  but  on^y  yields  amorphous 
salts.  Moreover,  the  amorphous  alkaloid  is  very  soluble  in  alcohol, 
the  crystalline  only  slightly  so.  As  the  second  alkaloid  is  now  also 
recognisable  as  a  chemical  individual,  and  as  it  has  proved  to  be  a 
substance  of  great  physiological  potency,  wo  suggested  for  it  the  name 
ergotoxine  in  a  preliminary  communication  to  the  Bi'itish  Association 
at  York  {Che7n.  News,  1906,  94,  89.  See  also  Report  of  Brit.  Med. 
Assoc.  Meeting,  Aug.  1906,  in  Brit.  Med.  J.,  Dec.  22nd,  1906,  p.  1792). 
We  found  in  ergotinine  considerably  more  nitrogen  than  Tanret,  and 
hence  were  unable  to  confirm  his  formula,  Cg^H^QO^N^.  As  we  could 
not  prepare  any  crystalline  ergotinine  salts  we  relied  on  determinations 
of  the  molecular  weight  of  the  free  alkaloid  by  i)hysical  methods, 
which  made  us  suggest  the  provisional  formula,  005113204^4.  Our 
analysis  of  ciystalline  ergotoxine  salts  indicated  a  close  relationship 
between  the  two  alkaloids,  and  later  we  proved  this  i-elationship  by 
converting  ergotoxine  into  ergotinine  by  boiling  with  acetic  anhydride  ; 
we  also  obtained  a  crystalline  phosphate  closely  resembling  ergotoxine 
phosphate  by  boiling  ergotinine  with  dilute  alcoholic  phosphoric  acid. 
Soon  after  our  preliminary  note  was  published,  there  appeared  an 
important  paper  by  Kraft  i^Arch.  Pharm.,  1906,  244,  336),  who 
was,  in  the  first  place,  concerned  with  the  examination  of  an  ethereal 
extract  of  ergot.  He  lays  stress  on  the  following  circumstances,  which 
make  the  separation  of  the  extract  into  its  various  constituents  very 
troublesome  :  the  presence  of  ergosterol  and  of  fat,  the  feebly  acidic 
nature  of  the  acids,  and  the  feebly  basic  nature  of  the  alkaloids,  the 
presence  of  j^henolic  hydroxyls  iu  the  latter  giving  them  also  acid 
properties.  Although  chemically  ratlier  inert,  these  colloidal  bodies 
"  unite  among  themselves  and  with  fat  to  form  quite  stable  adsorption 
compounds."  It  is,  therefore,  well  nigh  impossible  to  effect  a 
quantitative  separation  of  the  alkaloidal  from  the  acid  constituents, 
for  instance,  by  extraction  with  dilute  acetic  acid  and  with  ammonia. 
Kraft  concludes  that  the  mere  use  of  solvents  and  of  fractional 
precipitation  is  worthless,  and  that  for  this  reason  the  numerous  ergot 
substances  of  Jacobj  are  but  mixtures. 

At  these  conclusions  we  had  ourselves  arrived.  Acid  substances, 
such  as  sphacelotoxin,  owe  their  physiological  activity  to  contamina- 
tion with  a  powerfully  active  alkaloid,  and  we  agree  with  Kraft  in 
emphasising  the  physiological  importance  of  the  alkaloidal  as  opposed 
to  the  acidic  constituents  of  ergot.  Without  knowledge  of  our  work, 
Kraft  prepared  the  amorphous  alkaloid  by  fractional  precipitation  of 
the  sulphate  and  observed  its  conversion  into  ergotinine,  his  method 
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being  to  boil  a  solution  of  the  amorphous  alkaloid  in  methyl  alcohol. 
He  regarded  this  change  as  due  to  the  elimination  of  water,  and 
accordingly  suggested  for  the  second  alkaloid  the  name  hydro- 
ergotinine.  He  did  not,  however,  crystallise  any  of  its  salts,  nor 
did  he  analyse  either  base.  In  a  recent  communication  with  H.  H. 
Dale  (Arch.  Pharm.,  1906,  244,  550),  one  of  us  expressed  doubt  as 
to  the  validity  of  Kraft's  conception  of  the  amorphous  alkaloid  as  a 
hydrated  ergotiuine,  because  the  results  of  our  analyses,  taken  in 
conjunction  with  molecular  weight  determinations  by  physical  means, 
appeared  to  contradict  such  a  view,  and  led  us  to  interpret  the  pro- 
duction of  ergotinine  from  ergotoxine  by  means  of  acetic  anhydride 
as  an  acetylation. 

Further  work,  and  especially  molecular  weight  determinations  of 
ergotoxine  by  chemical  means,  which  appear  in  this  case  to  be  more 
suitable  than  physical  methods,  have  made  us  adopt  the  formula 
CggH^^OgNg  for  ergotoxine.  This  formula  is  in  satisfactory  agreement 
with  our  analyses  of  several  of  its  salts.  We  now  suggest  for  ergo- 
tinine the  formula  Cgr^Hg^Oj^Nj,  which  requires  practically  the  same 
percentage  composition  as  CggHg.jO^N^  previously  suggested,  and 
which  (except  for  the  nitrogen)  is  similar  to  Tanret's  original  formula. 

The  action  of  acetic  anhydride  consists  therefore  in  the  removal  of 
a  molecule  of  water,  and  not  as  was  previously  surmised  (Barger  and 
Dale,  loc.  cit.)  in  the  intx'oduction  of  an  acetyl  group.  This  earlier 
surmise  is  moreover  disproved  by  the  fact  that  no  acetic  acid  is  given 
off  on  boiling  ergotinine  with  mineral  acids. 

Kraft  showed  that  the  change  from  the  amor[)hoas  to  the  crj-stal- 
line  base  is  also  produced  by  boiling  methyl  alcohol,  an  observation 
which  we  have  since  confirmed.  On  the  basis  of  this  experiment  and 
the  production  of  an  amorphous  base  from  ergotinine  on  standing 
with  dilute  acetic  acid,  Kraft  suggested  that  "  the  amorphous  alkaloid 
is  the  hydrate  of  the  crystalline."  This  theory,  which  is  supported 
by  our  own  experiments  on  the  action  of  acetic  anhydride  and  of 
phosphoric  acid,  we  now  regard  as  definitely  established  by  our 
analyses. 

When  the  manuscript  of  this  paper  was  almost  complete,  our 
attention  was  drawn  to  a  recent  communication  by  Tanret  {J.  Fharni. 
Chim,,  1906,  (vi),  24,  397)  in  criticism  of  our  preliminary  note.  By 
means  of  a  determination  according  to  Dumas,  Tanret  has  confirmed 
our  value  for  the  percentage  of  nitrogen  in  ergotinine.  He  brings 
evidence  to  show  that  our  molecular  weight  determinations  by  the 
cryoscopic  method  in  phenol  are  invalid  on  account  of  the  production 
of  a  phenoxide,  which  he  infers  from  measurements  of  the  specific 
rotation.     Tanret  now  suggests  for  ergotinine  the  formula  Cg^H^QO^Nj^, 
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and,  as  pointed  out  above,  we  have  ourselves  coine  to  reject  our 
original  molecular  weight  determinations  and  to  suggest  the  formula 
Cgr^HgyO^Ny  Tanrct's  formula  is  impossible,  since  the  total  number 
of  valencies  in  the  molecule  must  be  an  even  number.  There  must 
be  either  39  or  41  hydrogen  atoms.  We  have  selected  the  former 
number  as  agreeing  much  the  best  with  our  analyses. 

With  regard  to  the  relation  between  ergotoxine  and  ergot  alkaloids 
other  than  crystalline  ergotinine,  there  is  little  doubt  that  it  is 
largely  present  in  Tanret's  so-called  amorphous  ergotinine,  but  as  this 
is  merely  the  residue  left  on  evaporating  the  mother  liquor  from  the 
crystalline  ergotinine,  it  must  contain  a  proportion  of  crystalli-'^aljle 
alkaloid.  This  proportion  is  by  no  means  negligible.  As  Tanret 
observed  in  one  of  his  earlier  papers  (1879,  p.  506),  the  presence  of 
amorphous  ergotinine  greatly  increases  the  solubility  of  the  crystalline 
alkaloid,  and  in  the  same  paper  (p.  507)  he  attributes  the  variation  in 
the  specific  rotation  of  "  amorphous  ergotinine  "  to  varying  amounts 
of  crystallised  ergotinine  contained  in  it.  Tanret  therefore  did  not 
prepare  the  amorphous  alkaloid  in  the  pure  state.  The  amorphous 
alkaloid  is  either  the  same  chemical  individual  as  the  crystalline  or  it 
is  not.  In  the  former  case  it  should  be  possible  to  crystallise  it,  and 
it  should  have  the  same  specific  rotation  as  the  crystalline  alkaloid.  In 
the  latter  case  it  is  confusing  to  apply  the  same  name  to  different 
substances,  and  a  new  name  must  be  found.  That  the  amorphous 
alkaloid  is  a  di.stinct,  although  closely  related  substance,  we  consider 
completely  established.  Tanret  deduces  the  identity  of  the  two  alka- 
loids from  the  similarity  of  "  their  behaviour  to  precipitating  reagents, 
of  their  fluorescence,  of  the  mode  of  foi-mation  and  properties  of  their 
salts,  and  the  amount  of  acid  with  w^hich  they  combine,  and  finally 
from  the  similarity  of  the  characteristic  colour  reaction  which  they 
give  with  sulphuric  acid."  But  all  these  points  of  similarity  might  be 
expected  in  the  case  of  two  alkaloids  of  high  molecular  weight,  differ- 
ing only  by  one  molecule  of  water  and  readily  passing  into  one  another. 
Moreover,  there  are  differences  in  the  characteristics  referred  to  by 
Tanret.  We  have  found  ergotoxine  solutions  to  be  distinctly  more 
sensitive  to  many  alkaloidal  precipitants  than  ergotinine  solutions  of 
the  same  strength.  As  for  the  salts,  few  if  any  ergotinine  salts 
have  been  obtained  crystalline,  whereas  we  have  been  able  to  crystal- 
lise quite  a  number  of  ergotoxine  salts.  Kraft  {loc.  cit.)  has  shown 
that  a  remarkable  difference  exists  between  the  solubilities  of  the  two' 
sulphates,  that  of  the  amorphous  alkaloid  requiring  8,000  parts,  and 
that  of  the  crystalline  only  500  parts  of  water  for  solution.  We  have 
confirmed  Kraft's  observations  on  this  point.  Tanret  himself  has 
pointed  out  the  difference  between  the  solubilities  of  the  two  alka- 
loids in  alcohol  and  the  difference  in  their  specific  rotations.     Kraft- 
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and  we  ourselves  have  transformed  one  alkaloid  into  the  other  by 
chemical  means,  and  finally,  our  analyses  show  that  the  two  alkaloids 
have  a  different  percentage  composition.  The  term  amorphous  ergo- 
tinine  must  therefore  be  restricted  to  such  specimens  of  the  crystal- 
lisable  alkaloid  as  can,  for  instance,  be  prepared  by  precipitating  a 
solution  in  dilute  acetic  acid  by  ammonia. 

The  question  of  the  relation  between  ergotoxine  and  cornutine  is 
somewhat  moi-e  difficult.  Kobert's  method  of  preparation  makes  it 
probible  that  his  substance  contains  ergotoxine.  On  the  other  hand, 
certain  of  the  most  striking  symptoms  described  by  Robert  as 
characteristic  of  the  toxic  effects  of  cornutine  are  not  produced  by 
ergotoxine.  This  made  it  imposssble  to  adopt  for  our  alkaloid  the 
name  cornutine  which  Kobert  has  associated,  not  with  chemical  proper- 
ties, but  with  the  production  of  a  certain  physiological  picture  (see 
also  Barger  and  Dale,  Arch.  Pharm.,  1906,  244,  554). 

On  the  other  hand,  the  hydroergotinine  recently  described  by  Kraft 
is  vindoubtedly  identical  with  ergotoxine,  previously  described  by  our- 
selves. After  an  examination  of  ergotoxine  salts  prepared  by  us,  Dr. 
Kraft  has  recently  informed  us  that  he  shares  our  view  as  to  the 
identity  of  the  alkaloids.  He,  too,  has  now  succeeded  in  crystallising 
ergotoxine  (hydroergotinine)  sulphate. 

According  to  experiments  of  H.  H.  Dale,  ergotoxine  produces  in 
doses  of  a  few  milligrams  not  only  the  characteristic  reactions  of  ergot 
described  by  him  {J.  Physiol.,  1906,  34,  163),  but  also  gangrene  of  the 
cock's  comb  and  other  ergot  effects  described  by  Kobert  and  others  to 
sphacelenic  acid.  Crystalline  ergotinine,  vincontaminated  with  ergo- 
toxine, either  does  not  give  these  effects  at  all,  or  only  to  a  slight 
extent,  the  difference  being  possibly  due  to  the  difficulty  of  keeping 
ergotinine  in  solution  in  the  body  fluids. 

Ergotinine. 
This  alkaloid  waa  prepared  by  various  methods,  in  the  first  place 
according  to  that  given  by  Tanret,  starting  from  an  alcoholic  extract 
of  the  drug.  Great  difficulty  was  experienced  in  exti-acting  with  ether, 
and  in  washing  the  ether  with  water,  as  the  alkali  present  led  to  the 
formation  of  a  resin  soap,  which  made  the  separation  into  an  ethereal 
and  an  aqueous  layer  very  tedious.  Meulenhoff  mentions  the  same 
difficulty.  For  the  preparation  of  ergotinine  on  a  small  scale,  it  is  best 
to  take  advantage  of  the  fact  that  it  can  be  extracted  by  ether  ;  this  is 
the  basis  of  Keller's  method.  He  first  extracted  the  ergot  with  light 
petroleum  to  remove  the  oil  and  then  with  ether  to  remove  the  alkaloid. 
"We  agree  with  Kraft  that  there  is  no  advantage  in  the  preliminary 
extraction  with  light  petroleum. 

VOL.   XCI.  A   A 
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If  the  ethereal  extract  is  freed  from  ether  and  the  resulting  oil 
mixed  with  light  petroleum,  most  of  the  alkaloid,  together  with  a  yellow 
colouring  matter  and  other  substances,  is  precipitated  (Jacoljj's  chryso- 
toxin),  but  a  small  part  of  the  alkaloid  remains  in  the  oil  and  can  be 
extracted  with  dilute  acids.  The  alkaloid  obtained  in  this  manner  is 
uncontaminated  with  resin  and  at  once  yields  white  crystals  from 
alcohol. 

The  salts  of  the  ergot  alkaloids  with  inorganic  acids  are  very  slightly 
soluble  in  water.  Hence  Tanret  extracted  the  ethereal  solution  with 
citric  acid,  and  Kraft  used  tartaric  acid.  When  working  on  a  large 
scale,  however,  the  slight  solubility  of  the  chloride  and  especially  of  the 
bromide  may  1)0  put  to  account.  The  residue  left  on  evaporation  of 
the  alcoholic  tincture  is  extracted  with  light  petroleum  to  remove  fat 
and  oily  matter ;  it  is  then  dissolved  in  ethyl  acetate  and  shaken 
with  citric  acid  solution.  Sodium  bromide  or  hydrobroniic  acid  is 
added  and  the  precipitated  hydrobromides  of  the  alkaloids  are  collected. 
A  rough  separation  of  ergotinine  from  ergotoxine  can  be  effected  by 
Repeated  shaking  of  the  solution  of  the  mixed  hydrobromides  in  dilute 
caustic  soda  ^vith  ether ;  in  this  way  the  ergotinine  is  removed  first. 
Finally,  the  ergotinine  is  crystallised  from  alcohol,  leaving  ergotoxine 
and  impurities  in  tlie  mother  liquor. 

Composition  of  Ergotinine. 

For  analysis  the  alkaloid  was  recrystallised  from  absolute  ethyl 
alcohol  and  was  dried  in  a  vacuum  over  sulphuric  acid  or  in  the  steam 
oven.     It  is  not  hygroscopic. 

I.  01511  gave  0-3?93CO2  and  0*0851  H.O.  C  =  68-47;  H  =  6-30. 

„    0-0700    ,',      C  =  68-90;  H  =  6'66. 
„    0'0912    „      C  =  68-80j  H  =  6-38. 
„    0-0881    „      C-68-55;  H  =  6-33. 
„    0-1160    „      C  =  68-48;  H  =  6-66. 
„    0-0904    „      C  =  68-68;  H  =  6-58. 
„    0-0871    „      C  =  68-96;  H  =  6-70. 
In  the  last  combustion  the  substance  was  mixed  with  cupric  oxide. 
MeanC  =  08'69;  H  =  6-52. 
CagHggOgNg  requires  C  =  68-91  ;  H  =  6-45  per  cent.     Tanret's  analysis 
gave  C  =  68*57  ;  H  =  6-79  per  cent. 
I.  0-1320  gave  13-1  c.c.  N  at  17°  and  770  mm.      N  =  ll-7. 
II.  0-1331     „     13-0   „     „    „  17      „     770    „        N-11-5. 

III.  0-2156     „     22-0   „     „    „  21      „     767     „        N=ll-7. 

IV.  0-2283     „     22*0,,     „    ,,  12-5  „     774     „        N=ll-6. 

CggHggO^N-  requires  N  =  1 1  *5  per  cent. 
Tanret  found  in  1879  by  Will  and   Varrentrapp's  method  8-71  and 


II. 

0-1174 

„  0-2966 

tll. 

01598 

„  0-4031 

IV. 

0-1557 

„  0-3914 

V. 

0-1947 

„     0-4889 

VI. 

0-1537 

„  0-3871 

Vll. 

01453 

j,  0-3674 
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9'26  per  cent,  of  nitrogen,  and  quite  recently  by  Dumas'  method  11*76 
per  cent.,  so  that  the  former  method  is  once  more  shown  to  be 
unsatisfactory.* 

Molecular  Weight  Determinations. 

I.  By  the  cryoscopic  method  in  acetic  acid  : 

0-210  in  12-85  acetic  acid  gave  Af=  -0-100'^;  M.W.  =634. 
C35H30O.N5  requires  M.W.  =  609. 

The  suitability  of  acetic  acid  as  a  solvent  for  an  alkaloid  we  infer 
from  an  experiment  with  strychnine,  which  gave  a  good  value  (342, 
calc.  334)  for  the  molecular  weight. 

II.  By  the  analysis  of  the  platinichloride,  prepared  by  dissolving 
ergotinine  in  acetone,  adding  hydi'ochloric  acid  and  an  aqueous  solution 
of  platinic  chloride,  evaporating  the  acetone  in  a  vacuum  desiccator, 
filtering  off  the  precipitated  salt  from  the  residual  water  and  washing 
with  water. 

0-1740  of  the  salt  left  on  ignition  0-220  Pt ;  Pt=:  11-6. 

(C35H3gOj,Nj^)2,HoPtCl^  requires  Pt  =  ll-9  per  cent. 
(C3XiOX)2>HoPtCl,        „        Pt  =  ll-6        „ 

The  second  formula  is  applicable  if  the  ergotinine  is  changed  to 
ergotoxine  by  the  acid  present. 

The  formula  C^j^Hg.P-N^  agrees  with  Tanret's  old  analyses  of  the 
amorphous  hydrochloride  and  hydrobromide  of  ergotinine,  and  with  his 
recent  analyses  of  the  likewise  amorphous  platinichloride  (found : 
Pt  =  11-66,  11-83;  01=12-69;  calculated  Pt=  11-95;  Cl  =  13-06). 
We  were  first  led  to  adopt  this  formula  by  analyses  of  crystalline 
ei"gotoxine  salts,  which  gave  us  the  corresponding  formula  CgrjH^^O^Ng 
for  ei'gotoxine.  Before  this  time  we  preferred  the  formula 
CggHgoO^N^  —  488,  based  on  the  following  molecular  weight  determina- 
tions in  which  the  ergotinine  apparently  underwent  decomposition. 

I.  By  the  cryoscopic  method  in  phenol  : 

0-1775  in  14-57  phenol  gave  A«  =  0-32°;  M.W.  =  516. 
0-3715,,      „  „  „     Af  =  0-535°;  M.W.  =  477. 

*  At  first  we  thought  that  the  discrepancy  with  Tauret's  original  figures  might 
be  due  to  the  presence  of  methane  in  our  nitrogen  (compare  Dunstan  and  Carr, 
Proc,  1896,  12,  43;  and  Haas,  Trans.,  190G,  89,  570).  We  therefore  availed 
ouiselves  of  the  kindness  of  Dr.  P.  Haas,  who  has  recently  investigated  this  source 
of  error  {loc.  cit.).  He  performed  the  first  two  of  the  determinations  quoted,  mixing 
the  substance  with  cuprous  chloride  and  proving  the  absence  of  methane  in  the 
nitrogen  by  explosion  with  oxygen.  For  his  help  in  this  matter  we  tender  him  our 
best  thanks.  In  subsequent  determinations  of  the  nitrogen  iu  ergotinine  and  in 
ergotoxine  salts  we  always  mixed  the  substance  with  cuprous  chloride.  Without 
this  i)recaution,  too  much  nitrogen  was  found  ;  for  example,  12-0  per  cent,  iu 
ergotinine. 

A    A    2 
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II.  By  a  microscopic  metliod,  due  to  one  of  us  (Trans.,  1005, 
87,  1756),  0-0858  in  1-06  pyridine  at  80^  =  0-17-  0-18  mole.; 
M.W.  =  463. 

The  number  of  carbon,  oxygen,  and  nitrogen  atoms  in  ergotinine 
seems  now  to  be  established  with  tolerable  certainty.  The  number  of 
hydrogen  atoms  is  less  certain  ;  it  must,  however,  be  an  odd  number, 
in  order  to  make  the  total  number  of  valencies  even,  and  can  therefore 
not  be  forty,  as  Tanret  suggests.  From  our  analyses  we  conclude  that 
there  are  very  probably  39,  possibly  41  hydrogen  atoms  in  ergotinine. 
The  formula  Cg^Hgr^OgNj  requires  6 '45  per  cent.,  the  formula 
CggH^^OgNj  6"76  per  cent.,  of  hydrogen  :  on  the  average  we  found 
6"52  per  cent,  in  good  agreement  with  the  first  formula,  since  the 
amount  of  water  found  in  combustions  is  generally  somewhat  too 
high. 

Properties  of  Ergotinine. 

Ergotinine  crystals  consist  of  long  needles,  the  sides  of  which  are 
not  quite  parallel ;  the  ends  are  symmetrically  replaced  by  a  pair  of 
faces,  and  the  extinction  is  straight.* 

When  placed  in  a  bath  at  210°  and  heated  further  ergotinine  sinters, 
darkens  and  melts  at  temperatures  up  to  229°  (corr.).  Kraft  gives 
m.  p.  219°,  Tanret  205°  We  have  also  frequently  found  219—220° 
(uncorr.).  The  decomposition  point  is  not  very  characteristic  and 
depends  greatly  on  the  rate  of  heating. 

Solubility  determinations  were  made  by  shaking  the  powdered 
alkaloid  in  the  cold  with  the  solvent,  and  by  rapidly  filtering  the  boiling 
solution.  One  part  of  ergotinine  dissolves  at  10°  in  312  parts  by 
weight  of  absolute  ethyl  alcohol,  at  18°  in  292  parts  of  alcohol,  in 
1,020  parts  of  absolute  ether,  in  91  parts  of  ethyl  acetate,  and  in  26^ 
parts  of  acetone ;  further,  in  77  parts  of  boiling  benzene,  52  parts  of 
boiling  ethyl  alcohol,  and  56  parts  of  boiling  methyl  alcohol.  It  is 
extremely  soluble  in  cold  chloroform,  moderately  so  in  amyl  alcohol, 
methylal  or  xylene,  and  insoluble  in  light  petroleum. 

The  determination  of  the  specific  rotation  at  10°  in  a  saturated  solu- 
tion in  ethyl  alcohol,  prepared  by  shaking  in  the  cold,  gave  a^  + 1*91°; 
^=0-22  dcm.  ;  c  =  0-257  ;  [a]o  +338°. 

Tanret  found  +  334°  and  +  336°.  Five  different  specimens  of  ergo- 
tinine, in  alcoholic  solutions  prepared  by  boiling,  with  c  =  0"172 
—0-257,  gave  at  10—18°  [a]^  -1-320°,  -^328°,  +326°,  +330°, 
+  327°;  mean   +328°. 

The    rotatory    power    of   an    alcoholic    solution  of    ergotinine   falls 

*  For  this  description  of  ergotinine  crystals  and  for  [others  of  the  crystals  of 
ergotoxine  salts  given  later,  we  are  indebted  to  Prof.  W.  J.  Pope  and  tender  Lini  our 
best  thanks  for  his  assistance  in  this  respect. 
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through  prolonged  boiling.  The  solution  saturated  in  the  cold,  and 
referred  to  above,  was  boiled  under  a  reflux  condenser.  [a]i„ 
originally  +338°,  fell  after  five  minutes  to  +327°,  after  one  hour  to 
+  300°,  after  three  hours'  boiling  to  +242°.  In  another  experiment 
a  specimen  of  ergotinine,  prepared  from  ergotoxine  by  acetic 
anhydride,  had  [ajo  +388°,  but  after  it  had  been  boiled  for  half  an 
hour  the  same  solution  gave  [a]o  +326°.  The  fall  of  rotatory 
power  is  accompanied  by  a  disappearance  of  crystallisable  alkaloid. 
We  have  frequently  noticed  a  certain  deficit  when  recrystallising  a 
given  quantity  of  pure  ergotinine,  however  carefully  the  successive 
mother  liquors  were  concentrated. 

The  destructive  action  of  hot  alcohol  is  also  shown  by  an 
experiment  in  which  O'l  gram  of  ergotinine  was  heated  with  3  c.c.  of 
alcohol  in  a  sealed  tube  at  1 00°  for  twelve  hours.  More  than  half  was 
destroyed.  Tanret,  in  his  recent  publication,  has  also  pointed  out  that 
a  solution  of  the  crystalline  alkaloid  always  leaves  a  partially 
amorphous  residue  on  evaporation.  We  further  determined  the 
specific  rotation  in  other  solvents  and  found  higher  values  than  in 
alcohol. 

In  acetone:  a^,  +0-86°;  ^=1  dcm. ;  c  =  0-234;  [a]o  +367°. 

In  ethyl  acetate  :  ao  +0-64°;  ^-1  dcm.  ;  c  =  0-176;  [ajo  +363°. 

In  chloroform :  oq  +2-03°;  1=1  dcm.;  c  =  0-514;  [ajo  +396°. 

The  lowering  of  the  specific  rotation  of  ergotinine,  produced,  as 
Tanret  showed,  by  the  addition  of  acids  and  alkalis  to  the  solution, 
seems  to  depend  in  the  first  place  on  a  transformation  to  ergotoxine 
and  possibly  also  on  racemisation.  For  instance,  the  addition  of  one 
molecular  equivalent  of  phosphoric  acid  to  an  alcoholic  ergotinine 
solution  lowered  [ajo  from  +328°  to  +319°,  and  after  boiling  for 
fifteen  minutes  to  +195°.  After  boiling  with  fifteen  molecular 
proportions  of  phosphoric  acid  the  value  was  +41°.  Under  similar 
conditions  sulphuric  acid  produced  a  much  more  rapid  lowering  of  the 
rotatory  power,  which  presumably  depends  on  the  concentration  of 
hydrogen  ions. 

So  far  we  have  not  been  able  to  prepare  any  undoubted  ergotinine 
salts  in  the  crystalline  state.  Even  when  crystals  are  obtained,  there 
is  the  possibility  of  the  formation  of  the  corresponding  ergotoxine 
salt  as  a  result  of  hydrolytic  action  of  the  acid  used.  In  an  attempt 
to  crystallise  ergotinine  phosphate  we  added  the  calculated  quantity  of 
phosphoric  acid  to  an  alcoholic  solution  of  the  base,  and  concentrated 
the  solution  in  a  vacuum  desiccator.  The  salt  which  separated  out 
was  gelatinous  and  was  filtered  off  ;  on  decomposition  with  ammonia  it 
readily  yielded  the  characteristic  prisms  of  ergotinine.  The  filtrate 
from  the  amorphous  salt  was  concentrated  further,  and  finally  yielded 
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a  small  quantity  of  Kplnevites  and  diamond-shaped  plates.  These  were 
decomposed  with  ammonia  in  the  same  way  as  the  amorphous  salt,  but 
yielded  an  amorphous  base,  which  withstood  all  attempts  at  crystallisa- 
tion and  was  very  readily  soluble  in  alcohol.  Later,  it  was  found  that 
a  good  yield  of  the  same  crystals  could  bo  produced  by  boiling  the 
solution  for  a  short  time,  and  that  they  probably  represent  ergo- 
toxine  pliosphate. 

It  is  therefore  prol)able  that  the  crystalline  sulphate  mentioned  by 
Tanret,  and  possibly  also  the  halides  which  he  analysed,  together  with 
the  crystalline  chloride  obtained  by  Keller,  were  salts  of  ergotoxine. 
As  we  have  shown,  ergotinine  is  readily  decomposed  by  very  dilute 
phosphoric  acid  in  boiling  alcoholic  solution,  and,  apparently,  trans- 
formed to  ergotoxine  phosphate  ;  Kraft  has  found  that  ergotoxine  is 
even  produced  in  dilute  acetic  acid  solution  in  the  cold.  We  have  also 
obtained  from  ergotinine  small  quantities  of  a  crystalline  picrate,  but 
are  unable  to  say  whether  it  is  a  salt  of  ergotinine  or  ergotoxine. 

Keller  found  that  the  amorphous  hydiochloiide  formed  by 
precipitating  an  ethereal  solution  of  the  base  with  hydrochloric  acid  is 
soluble  in  water,  but  gives  a  precipitate  with  hydrochloric  acid.  This 
he  attributed  to  the  formation  of  an  insoluble  acid  salt.  We  are 
unable  to  share  this  view.  The  salt  is  not  only  precipitated  by  hydro- 
chloric acid,  but  also  by  sodium  chloride,  sodium  acetate,  and  sodium 
tartrate ;  not,  however,  by  acetic  acid,  tartaric  acid,  carbamide,  or 
sucrose.  The  precipitation  therefore  depends  on  the  presence  of  ions 
and  the  solution  of  the  salt  is  a  colloidal  one.  Ergotoxine  phosphate 
also  gives  a  colloidal  solution  (see  later).  It  is  probable  that  the 
reason  why  organic  acids  are  more  suitable  for  the  extraction  of 
ergotinine  from  an  ethereal  solution  than  inorganic  acids,  depends  on 
the  small  degree  of  ionisation  of  organic  acids. 

Tlie  characteristic  colour  reactions  for  ergotinine  have  been 
described  by  Tanret  (addition  of  concentrated  sulphuric  acid  to  a 
solution  of  ergotinine  in  ether  or  in  ethyl  acetate,  giving  a  transitory 
orange  coloration,  changing  to  blue)  and  by  Keller  (anhydrous  ferric 
chloride,  added  to  ergotinine  in  concentrated  sulphuric  acid,  changes 
the  colour  from  pale  yellow,  through  orange,  crimson,  and  green  to  a 
permanent  dark  blue).  Both  these  reactions  are,  however,  given  by 
ergotoxine  with  the  same  intensity  as  by  ergotinine,  since  the  two 
alkaloids  naturally  undergo  the  same  decomposition  by  sulphuric  acid. 
The  behaviour  of  ergotinine  solutions  towards  alkaloidal  precipitants 
will  be  discussed  later  and  compared  with  that  of  ergotoxine  solutions. 
For  a  reply  to  Tanret' s  recent  criticism  of  our  view,  that  ergotinine  is 
physiologically  inert,  we  must  for  the  present  refer  to  the  paper  by 
Barger  and  Dale  (loc.  cit.). 
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Ergotoxine. 

This  alkaloid  was  prepared  as  follows.  The  caustic  liquor  from 
which  the  ergotinine  had  been  extracted  (see  above,  under  preparation 
of  ergotinine)  was  neutralised,  again  rendered  alkaline  with  sodium 
carbonate,  and  extracted  with  ether.  The  residue  left  after  evaporation 
of  the  ether,  together  with  that  from  the  ergotinine  mother  liquors, 
was  dissolved  in  80  per  cent,  alcohol  and  a  slight  excess  of  phosphoric 
acid  in  alcohol  added.  After  standing  for  a  few  days  the  ergotoxine 
phosphate  crystallised  out  and  was  recrystallised  from  alcohol.  In 
the  purest  form;  in  which  we  have  obtained  this  alkaloid  it  formed  a 
light  white  powder,  which  when  heated  began  to  soften  at  about  155° 
and  gi'adually  melted  at  162 — 164°.  It  is  more  soluble  in  organic 
solvents  than  ergotinine,  notably  in  cold  alcohol.  In  ether  it  is  but 
slightly  soluble.  All  attempts  to  crystallise  it,  for  instance,  by  the 
slow  evaporation  of  its  ethereal  solution  in  a  desiccator,  have  failed. 

For  analysis,  the  alkaloid  was  libei-ated  from  the  pure  oxalate  with 
sodium  carbonate  and  dissolved  in  ether.  After  careful  washing,  the 
solution  was  evaporated  in  a  vacuum  desiccator  and  the  residual  alkaloid 
dried  until  of  constant  weight. 

0-2553  gave  0-6224  00^  and  0-1503  HgO.     C  =  66-49  ;  H  =  6-59, 

0-1982     „     0-4808  CO3    „    0-1164  HgO.     C  =  66-16 ;  H  =  6-58. 
CggH^jOglSTj  requires  C  =  66*93 ;  H  =  6-59  per  cent. 

For  the  establishment  of  this  formula  we  mainly  rely,  however,  on 
our  analysis  of  the  crystalline  salts. 

For  the  specific  rotation  of  ergotoxine  in  alcoholic  solution  we  have 
obtained  the  following  figures  : — 

I.  Prepared  from  the  oxalate  by  ammonia  and  ether, 

aji  +  0-6°;  l  =  \  dcm.;  c  =  1-624;  [ajD  +  40-6°. 

II.  By  the  addition  of  the  theoretical  quantity  of  caustic  soda  to 
the  phosphate  dissolved  in  alcohol, 

aD  +  0-31°;  ^=1  dcm.;  c  =  0-80;  [a]'B  +  44-5°. 

III.  Prepared  from  the  oxalate  by  sodium  carbonate  and  ether, 

aD  +  0-61°;  1  =  1  dcm.  ;  c=l-37;  [a]D  +  45-3°. 

IV.  Prepared  from  the  oxalate  by  sodium  carbonate  and  ether, 

ttD  +  O-lO^;  Z  =  ldcm.  ;  c  =  0-45m.  ;  [a]D  +  22-2°. 

V.  Prepared  from  the  oxalate  by  ammonia  and  ether, 

an +  0-005°;  ^=1  dcm.;  c  =  0-884;  [a]D  +  0-6°. 
All  these  values  are  very  much  lower  than  those  given  by  Tanret 
for  "amorphous  ergotinine,"  which  must  have  contained  a  consider- 
able proportion  of  crystallisable  alkaloid.     At  the  same  time  we  are 
unable  to^explain  the  want  of  constancy  in  our  values  unless  this  is 
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due  to  a  varying  degree  of  racemisation ;  this  point  requires  further 
investigation. 

We  have  studied  the  action  of  alkaloidal  precipitants  on  ergotoxine 
and  on  ergotinine  in  some  detail  in  order  to  bring  out  the  points  of 
difference  between  the  two  alkaloids.  The  following  table  gives 
approximately  the  most  dilute  solutions  of  each  alkaloid  in  which  the 
various  reagents  still  produced  a  faint  opalescence.  The  solutions 
were  made  by  dissolving  ergotoxine  phosphate  and  [ergotinine  in  the 
minimum  quantity  of  glacial  acetic  acid  and  diluting  with  distilled 
water  : 

One  part  of  One  part  of 

Eeagent.  ergotinine  in  ergotoxine  iu 

Totassium  mercuricioclidc    1,000,000  2,000,000 

Iodine  in  potassium  iodide   200,000  1,000,000 

Picric  acid    50,000  50,000 

Piiospliomolybdic  acid  40,000  80,000 

Pho&photuijgstic  acid 40.000  40,000 

Auric  chloride 20,000  20,000 

Potassium  chroniate 20,000  20,000 

,,          dichromate   10,000  20,000 

,,          ferrocyanide      10,000  10,000 

ferricyanidc 10,000  10,000 

,,          sulphocyanate  10,000  20,000 

Platinic  chloride 10,000  10,000 

Bromine  water     10,000  20,000 

Tannic  acid 8,000  20,000 

Potassium  fluoride 50,000  50,000 

iodide     20,000  20,000 

,,          bromide 6,000  15,000 

Sodium  chloride 4,000  8,000 

sulphate 500  7,000 

It  will  be  seen  that  an  ergotinine  solution  is  distinctly  less  sensitive 
to  a  number  of  reagents  than  an  ergotoxine  solution  of  the  same 
strength.  The  best  reagent  is  potassium  mercuric  iodide,  which, 
according  to  Tanret,  precipitates  a  solution  of  1  part  ergotinine  in 
1,240,000  parts  of  water.  The  limits  for  the  last  three  salts  depend 
largely  on  the  amount  of  salt  added  and  are  somewhat  arbitrary. 

Ergotoxine  Salts. 

These  salts  were  mostly  prepared  by  adding  a  concentrated  alcoholic 
solution  of  the  acid  drop  by  drop  to  a  dilute  ethereal  solution  of  the 
base  obtained  from  the  phosphate.  The  reaction  is  best  carried  out 
in  a  tall  stoppered  cylinder,  so  that  after  shaking  the  salt  readily 
settles  down  and  leaves  a  clear,  supernatant  solution.  As  soon  as  no 
further  precipitate  is  formed,  the  salt  is  washed  a  few  times  with  dry 
ether  by  decantation,  collected  at  the  pump,  and  dried  in  a  vacuum. 
In  the  case  of  mineral  acids,  it  is  vei'y  important  to  avoid  e?;cess, 
which  brings  about  decomposition. 
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A  sulphate,  nitrate,  hydrochloride,  hydrobromide,  two  oxalates,  and 
a  tartrate,  have  been  obtained  crystalline,  but  only  the  phosphate,  the 
oxalates,  and  the  hydrochloride  have  so  far  been  studied.  The  salts  of 
ergotoxine  with  inorganic  acids  are  very  sparingly  soluble  in  water, 
but  readily  so  in  hot  alcohol,  from  which  they  can  be  crystallised. 
The  salts  with  organic  acids  are  more  soluble  in  alcohol  and  are  best 
crystallised  by  adding  ether  to  their  solutions  in  cold  alcohol. 

Ergotoxine  is,  like  ergotinine,  a  very  feeble  base  and  does  not  com- 
bine with  more  than  one  equivalent  of  acid.  Its  salts  have  an  acid 
reaction ;  a  crystal  of  the  oxalate,  for  instance,  produces  a  red  spot 
when  placed  on  moist  blue  litmus  paper. 


Ergotoxine  Phosphate,  Q^^^fi^r^,^^ 0^,11^0. 

This  is  the  most  easily  purified  of  the  ergotoxine  salts  which  we 
have  so  far  examined,  and  was  the  starting-point  in  the  preparation  of 
the  other  salts.  The  crude  phosphate  obtained  in  the  manner  described 
under  ergotoxine  is  decomposed  by  sodium  carbonate,  yieldiDg  the 
base,  and  this  is  precipitated  in  ethereal  solution  with  phosphoric  acid. 
After  washing,  the  precipitated  salt  is  dried  and  crystallised  from 
alcohol,  using  50  c.c,  of  90  per  cent,  boiling  alcohol  for  1  gram  of  salt. 
With  these  proportions  crystallisation  should  begin  slowly,  after  one 
or  two  hours.  It  is  important  to  use  alcohol  containing  a  little  water, 
as  the  phosphate  is  much  less  soluble  in  absolute  alcohol.  When  the 
crude  salt  is  crystallised  it  separates  in  groups  of  needles  radiating 
from  centres  and  showing  straight  extinction,  and,  when  pure,  in 
isolated  needles  melting  with  decomposition  at  186 — 187°  (the  bath 
being  heated  to  180°  before  the  introduction  of  the  substance). 

One  part  of  ergotoxine  phosphate  dissolves  in  313  parts  of  cold,  and 
in  14  parts  of  boiling  alcohol  of  90  per  cent. 

By  shaking  ergotoxine  phosphate  with  cold  distilled  water,  a  typical 
colloidal  solution  can  be  obtained,  containing  1  per  cent,  of  the  salt. 
This  solution  froths  and  is  strongly  opalescent,  but  does  not  deposit 
any  of  the  salt  on  standing.  The  addition  of  an  electrolyte  (sodium 
acetate,  sodium  phosphate)  converts  the  hydrosol  into  a  gel.  If  equal 
volumes  of  iV-hydrochloric,  oxalic,  phosphoric,  or  acetic  acids  are  added 
to  the  solution,  the  degree  of  precipitation  is  in  the  order  named,  that 
is,  in  that  of  the  conductivities  of  the  acids.  The  hydrochloric  acid 
produces  a  thick  jelly,  so  that  the  test  tube  can  be  inverted,  while  the 
acetic  acid  leaves  the  solution  fluid.  It  seems  probable  that  this  is 
one  of  the  reasons  why  phosphoric  and  most  organic  acids  are  to  be 
preferred  to  the  stronger  minex'al  acids  in  the  extraction  of  ergot 
alkaloids.     It    has  been    shown  already  that  a  colloidal  solution  of 
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ergoiinine  hydrochloride  in  precipitated  by  electrolytes  in  a  similar 
manner. 

For  analysis  the  phosphate  was  recrystallised  two  or  three  times 
from  alcohol,  and  dried  in  a  vacuum  over  sulphuric  acid  till  constant. 
The  salt  crystallises  with  one  molecule  of  water. 

0-1696  lost  0-0042  H^O;  H20  =  2-42. 

C3^ir^iO,.N.,,H3PO^,H20  requires  1120  =  2-48  per  cent. 

The  anhydrous  salt  is  hygroscopic,  so  that  the  boat  was  always 
enclosed  in  a  weighing  tube. 

I.  0-1254  gave  0-2650  CO2  and  0-0713  H2O.    C  =  57-63  ;  H  =  6-37. 
II.  01654     „     0-3491    „       „    0-0925      "„      C  =  57-56 ;  H  =  6-26. 

III.  0-1552     „     0-3278    „       „    0-0843      „      C  =  57-60 ;  H  =  6-08. 
C35H4,0,iN.,H3PO,,  requires  0  =  57-89  ;  n  =  6-ll  per  cent. 

In  each  of  the  above  three  analyses  a  different  specimen  was  used. 

In  the  following  two,  the  substance  was  mixed  with  cupric  oxide, 
leading  to  somewhat  higher  figures,  especially  for  the  hydrogen. 

01698  gave  0-3634  COg  and  0-1020  H^O.     0  =  58-37  ;  H  =  6-71. 

00916     „     01954     „      „    0-0570     „        0  =  58-17 ;  H  =  6-99. 

For  the  determination  of  the  nitrogen  the  substance  was  mixed  with 
cuprous  chloride.  The  phosphoric  acid  was  determined  by  heating  the 
salt  on  the  water-bath  with  ammonia,  and  filtering  off  the  alkaloid. 

0-1128  gave    9-4  c.c.  N  at  19°  and  768  mm.     N  =  9-7. 

0-1787     „     14-5  c.c.  Nat  14-5°  and  760  mm.     N  =  10-0. 

0-3688     „     0-0588  Mgg.PoOy;  H3P04  =  14-1. 

035H4jOgH5,H3P04  requires  N  =  9-7  ;  H3PO4  =  13-5  per  cent. 

Ergotoxine  Hydrochloride,  C35H4jO(,N5,H01. 

When  prepared  by  precipitation  of  an  ethereal  ergotinine  solution 
this  salt  forms  minute  diamond-shaped  plates,  and  very  thin  and  very 
long  square-ended  needles,  showing  straight  extinction  and  melting  at 
205°  (bath  previously  heated  to  190°).  For  recrystallisation  0-3  gram 
of  the  salt  was  dissolved  in  4 — 5  c.c.  of  90  per  cent,  alcohol,  by 
warming  on  the  water-bath,  and,  after  cooling,  ether  was  added  in 
quantities  of  a  few  drops  at  a  time. 

The  salt  is  very  unstable  and  therefore  difficult  to  purify. 

Determination  of  chlorine  : 

1.  By  precipitating  the  solution  in  90  per  cent,  alcohol  with  alcoholic 
silver  nitrate  : 

0-1055  gave  0-0229  AgCl ;  01  =  5-35. 

2.  By  Oarius'  method  : 

0-1 478  gave  0-0348  AgOl;  01  =  5-8. 

035ll4^0gN.,HCl,  requires  01  =  5-35  per  cent. 
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Normal  Ergotoxine  Oxcdate  {^irJiil^^^t^clyii-2GcP^. 

By  adding  .a  solution  of  oxalic  acid  in  alcohol  to  a  solution  of 
ergotoxine  in  ether,  so  that  the  base  is  in  excess,  the  normal  oxalate 
was  formed.  The  precipitate  was  washed  and  dried,  and  crystallised 
by  gradually  adding  dry  ether  to  a  cold  concentrated  solution  of  the 
salt  in  80  per  cent,  alcohol.  After  each  addition  of  ether  the  solution 
was  set  aside  for  crystallisation.  If  absolute  ^alcohol  is  used,  crystals 
are  much  more  difficult  to  obtain. 

The  salt  forms  elongated,  rectangular  plates,  showing  straight 
extinction  and  melting  at  179°  (the  bath  being  previously  heated  to 
170°).  It  is  soluble  in  five  parts  of  boiling  absolute  alcohol,  and 
in  twelve  pax'ts  of  alcohol  at  25°. 

01579  gave  0-3727  CO2  and  00949  HgO.     0  =  64-35;  H  =  6-72. 

0-1168     „     0-2735     „"    „    0-0652     „         0  =  63-83;  H  =  6-24. 

0-1920     „      14-4  c.c.  N  at  15-5°  and  768  mm.     N  =  10-70. 

0-2040     „      18-3  c.c.  N  at  13°  and  771  mm.     N  =  10-76. 

{G^^B.^^0^1^^)^,'H..PP^   requires    0  =  64-24;    H  =  6-29;    N=  10-42. 

per  cent. 

The  oxalic  acid  was  determined  by  adding  ammonia,  extracting  with 
ether,  and  precipitating  the  oxalic  acid  in  the  aqueous  solution  with 
calcium  acetate. 

0-203  gave  0-0077  OaO.     H^C.p^  =  5-7. 

(CggH^j 05^5)2,1120204  requires  HgOgO^  =  6-6  per  cent. 

Acid  Ergotoxine  Oxalate,  OggH^^O^N^jIIgOgO^. 

This  salt  is  formed  by  shaking  a  solution  of  the  alkaloid  in  xylene 
with  excess  of  a  1  per  cent,  solution  of  oxalic  acid.  On  crystallisa- 
tion from  alcohol  and  acetone  it  gave  minute  prisms,  melting  at 
179°  with  decomposition.  It  does  not  ci-ystallise  so  well  as  the  normal 
oxalate. 

0-2280  gave  0-5137  OO2  and  0-1313  H^O.     0  =  61-45  ;  H  =  6-44. 

0-1770     „     0-3988     „*'    „    0-1030     ,",        0  =  61-44 ;  H  =  6-51. 

0-2322     „     0-5256     „      „    0-1324     „        0  =  61-73 ;  H  =  6-38. 

0-2108     „     0-0136  OaO;  H20204=  10-5. 
C^^TL^^0^1^^,Yipf>^    requires    0  =  61-88;     H  =  6-04;     H20204=12-6 

per  cent. 

The  Transformation  of  the  Ergot  Alkaloids  into  one  another. 

The  transformation  of  the  amorphous  alkaloid  into  the  crystalline 
•was  first  observed  by  Kraft  by  boiling  a  solution  of  the  former  in 
methyl    alcohol    under  a  reflux  condenser.      On   cooling,  ergotinine 
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crystallised  out.  Kraft  also  observed  the  formation  of  hydroergotinine 
(as  he  called  the  amorphous  alkaloid),  when  a  solution  of  ergotinine  in 
3  per  cent,  acetic  acid  is  left  standing  for  some  days  at  the  laboratory 
temperature. 

Shortly  before  the  publication  of  Kraft's  results,  we  had  indepen- 
dently observed  tho  formation  of  ergotinine  from  ergotoxine  in  an 
.attempt  to  acetylate  the  latter  alkaloid.  With  this  end  in  view,  0'64 
gram  of  ergotoxine  was  boiled  with  10  c.c.  of  acetic  anhydride  for  a 
few  seconds.  The  solution  was  then  poured  into  water  and  stirred 
vigorously.  The  .solution  of  the  alkaloidal  acetates  was  separated 
from  a  small  quantity  of  a  dark  resin,  and  the  alkaloids  were  pre- 
cipitated in  tbe  filtrate  with  ammonia,  collected  on  a  filter,  and  dried 
in  a  vacuiim.  The  alkaloidal  precipitate  weighed  0"49  gram,  and 
required  'for  complete  solution  about  25  c.c.  of  boiling  absolute  alcohol, 
whereas  the  ergotoxine  employed  was  soluble  in  very  much  less 
alcDhol.  On  cooling,  0*13  gram  of  ergotinine  separated  out,  and  on 
^concentration  of  the  mother  liquor  O'OG  gram  more,  in  all  therefore 
about  30  per  cent,  of  the  theoretical  yield.  The  identity  with  natural 
ei'gotinine  results  from  the  following  : 

(1)  The  melting  point  was  220°,  and  remained  unchanged  when  the 
substance  was  mixed  with  natural  ergotinine. 

(2)  the  composition:  0'1153  gave  0-2895  CO2  and  0-0668  H^O. 
C  =  68-48;  H  =  6-48. 

CgsH.^O^'N'.  requires  0  =  6891 ;  H  =  6-45. 

(3)  The  specific  rotation  in  alcoholic  solution  : 

aD  +  0-69°3  ;=1  dcm.  ;  c  =  0-200;  [a]D  +  345°. 

In  a  similar  experiment  the  yield  of  ergotinine  was  25  per  cent.  ; 
for  the  specific  rotation  we  found  : 

aD  +  0-95°;  ^=1  dcm.;  c  =  0-245;  [a]D  +  388°. 
After  boiling  the  alcoholic  solution  for  half  an  hour : 

an +  0-77°;  ;  =  ldcm.  ;  c  =  0-231;  [a]u-f326°. 

The  mean  value  previously  found  for  natural  ergotinine  after  boiling 
with  alcohol  was  [a]u-J-328°. 

At  first  we  were  unable  to  repeat  Kraft's  experiment  with  methyl 
alcohol,  perhaps  because  we  used  ergotoxine  prepared  by  heating  the 
phosphate  on  the  water-bath  with  ammonia  and  filtering.  Later,  at 
Dr.  Kraft's  suggestion,  we  liberated  the  base  with  sodium  carbonate, 
extracted  with  ether,  dried  the  ethereal  solution  with  sodium  sulphate, 
and  evaporated  it  in  a  vacuum  over  paraffin  wax.  We  then  obtained 
from  0-139  gram  of  ergotoxine,  dissolved  in  2-4  c.c.  methyl  alcohol 
after  four  hours'  boiling  on  the  water-bath,  0-031  gram  of  ergotinine  = 
23  per  cent. 
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This  specimen  gave : 

00  +  0-90°;  ?=ldcm.  ;  c- 0-1244;  [a]i,  +  328°. 

In  a  similar  experiment,  when  ammonia  was  used  to  liberate  the 
base,  we  obtained  a  somewhat  smaller  yield,  and  in  no  case  was  the 
transformation  even  approximately  quantitative.  As  we  have  already 
observed,  we  infer  from  our  experiments  on  the  optical  rotation  of 
ergotinine  that  the  alkaloid  undergoes  decomposition  by  prolonged  boil- 
ing in  alcoholic  solution.  Since  we  originally  regarded  ergotinine  as 
acetylergotoxine,  we  attempted  to  hydrolyse  it  by  means  of  an  acid,  and 
selected  phosphoric  acid  because  the  phosphate  is  the  most  characteristic 
of  ergotoxine  salts.  0-3  gram  of  ergotinine,  which  would  require 
nearly  20  c.c.  of  boiling  absolute  alcohol  for  solution,  was  heated  on 
the  water-bath  with  6  c.c.  of  alcohol  containing  1^  molecular  propor- 
tions of  phosphoric  acid.  At  70°  the  ergotinine  did  not  readily  dis- 
solve, but  after  boiling  for  fifteen  minutes  solution  was  complete.  On 
standing  overnight,  0-2  gram  of  minute  diamond-shaped  plates  sepa- 
rated out,  consisting  of  long  needles  of  which  each  end  is  symmetric- 
ally replaced  by  two  dome  faces ;  the  extinction  is  parallel  to  the  long 
edge  of  the  crystals.  They  were  found  to  be  the  phosphate  of  an  amor- 
phous base.  On  recrystallisation  from  alcohol  and  ether  much  larger 
plates  were  obtained,  mostly  hexagonal  or  triangular  in  shape,  and 
differing  completely  from  the  slender  prisms  of  ergotoxine.  pV"^'j.  •  ^\ 
already  described.  Nevertheless,  both  phosphates  m'^.i'^'^  -  ^•^  1°"  ^°'  > 
and  a  mixture  of  the  two  showed  the  sain<^  -lung  point.  This  new 
phosphate  was  converted  into  the  ^^alate,  which  melted  at  the  same 
temperature  as  normal  ergotoxine  oxalate,  and  resembled  it  in  crystal- 
line form.  Finally,  the  oxalate  was  reconverted  into  the  phosphate, 
which  was  found  to  have  preserved  its  original  crystalline  form.  Its 
identity  with  ergotoxine  phosphate  we  have  not  as  yet  definitely 
established  for  want  of  material,  but  possibly  the  one  is  a  racemic 
modification  of  the  other.  Both  salts  show  great  physiological 
activity. 

In  order  to  prove  the  absence  of  acetyl  groups  in  ergotinine,  its 
solution  in  20  per  cent,  aqueous  phosphoric  acid  was  distilled  with 
steam.  No  acid  passed  over.  On  neutralisation  and  concentration  the 
solution  yielded  the  typical  prisms  of  ergotoxine  phosphate. 

In  conclusion,  we  wish  to  acknowledge  our  indebtedness  to  Mr.  W.  C. 
Reynolds,  B.Sc,  for  much  help  in  the  isolation  of  the  alkaloids,  and 
to  Mr.  A.  J.  Ewins,  B.Sc,  for  valuable  assistance  throughout  the  work. 

The  Wellcome  Phtsiological  Research  Laboratories, 
Herne  Hill,  London,  S.E. 
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XXXVIII. — aa^y -Trim ethyl-  a nd  aayy-Tct ramctJnjJtriccvrh- 
aUylic  Acids  and  wy-Diinethylbntane-a^Z-tricarh- 
oxylic  Acid. 

By  Herbert  Henstock  and  Charles  Henry  Graham  Sprankling. 

In  a  paper  by  Bone  and  Sprankling  (Trans.,  1902,  81,  29)  a  general 
method  is  described  for  the  synthesis  of  alkyltricarballylic  acids, 
based  on  the  interaction  of  the  sodium  compounds  of  cyanosuccinic 
esters  and  bromo-fatty  esters  in  alcoholic  solution,  by  means  of  which 
these  authors  were  able  to  undertake  a  systematic  study  of  the 
properties  of  a-monomethyl-,  ua-,  and  ay-dimethyltricarballylic  acids, 
their  anhydro-acids,  and  methyl  hydrogen  salts.  We  have  now  extended 
the  investigation  to  the  aay-trimethyl-  and  aayy-tetramethyltricarb- 
allylic  acids  and  also  to  aS-dimcthylbutanc-a^8-tricarboxylic  acid,  the 
properties  of  which  are  described  in  the  present  communication. 

In  conformity  with  the  experiments  of  Bone  and  Sprankling,  we 
expected  to  obtain  aay-trimethyltricarballylic  acid  from  the  hydrolysed 
'  "f^'^'iot  of  the  interaction  of  either  («)  the  sodium  compound  of  ethyl 
/^  metn_)lcy;w"osuccinate  and  ethyl  a-bromowobutyrate,  or  of  {h)  the 
sodium  compound  pf  ethyl  /3^-dimethylcyanosuccinate  and  ethyl 
a-bromopropionate,  as  shown  bj  the  following  equations  : 

(«)  CO.Et-CNa(CX)-CHiMe-CO._,Et  +  C3Is2Bi-C02Et  = 

CO.EfC(CMe2-C02Et)(CN)-CHMe-C02Et  +  NaBr. 

(6)  C0^Et-CNa(CN)-CM:e./C02Et+CHMeBr-C0.,Et  = 

"C02Et-C(CHMe-Ca,Et)(CN)-CMe2-C0oEt  +  NaBr. 

Whilst  aayy-tetrauiethyltricarballylic  acid  should  be  similarly  ob- 
tained from  the  hydrolysed  product  of  the  interaction  of  the  sodium 
compound  of  ethyl  )8;8-dimethylcyanosuccinate  and  ethyl  a-bromoiso- 
butyrate. 

We  found,  however,  that  as  long  as  alcohol  was  employed  as  the 
diluting  medium  for  the  reactions  in  question,  the  tricarballylic  acids 
could  not  be  obtained  sufficiently  pure  for  our  purposes.  The  hydrolysed 
products  of  such  experiments  were  always  oily  acids,  which  crystallised 
very  slowly,  and  even  when  crystalline  acids  wore  finally  isolated, 
analyses  indicated  that  they  contained  small  amounts  of,  probably, 
ethoxy-acids,  which  could  not  be  entirely  eliminated  by  repeated  re- 
crystallisations  from  suitable  solvents.  We  therefore  sought  for  some 
liquid  other  than  alcohol  as  the  diluting  medium  for  the  main  reaction. 
Xylene  was  first   tried,  but    the  sodium    compounds    of    the   cyano- 
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succinates  proved  too  insoluble  in  it ;  toluene  seemed  more  promising, 
and  after  many  trials  we  finally  devised  the  following  mode  of  pro- 
cedure, which  completely  obviated  the  difficulties  above  indicated. 

Interaction  of  Ethyl   Sodiocyanosuccinates  and  Bromo fatty   Esters  in 

Toluene  Solution. 

The  sodium  compound  of  the  cyanosuccinic  ester  was  first  prepared 
in  the  usual  manner  by  adding  the  ester  to  the  calculated  quantity  of 
sodium  ethoxide  dissolved  in  alcohol.  It  is  convenient  to  work  with 
one-eighth  gram-molecular  proportions  of  the  cyanosuccinic  ester  in 
each  separate  experiment.  The  excess  of  alcohol  was  then  distilled  in 
a  current  of  dry  hydrogen  until  a  thermometer  immersed  in  the  liquid 
showed  a  temperature  of  120°;  the  sodium  compound  of  the  cyano- 
succinic ester  was  thus  left  in  a  viscous,  pasty  condition,  sometimes 
slightly  charred,  but  quite  free  from  alcohol.  About  50  c.c.  of  chloro- 
form were  then  added  and  the  mixture  heated  in  a  rellux  apparatus  on 
the  water-bath,  until  the  sodium  compound  had  entirely  dissolved. 
To  the  cooled  solution  were  successively  added  (1)  the  calculated 
quantity  of  the  a-bromo-fatty  ester,  and  (2)  100  c.c.  of  pure  toluene 
mixed  with  5  or  10  c.c.  of  xylene.  The  whole  was  thoroughly 
shaken,  after  which  the  chloroform  was  distilled  in  a  cuiTeut  of  dry 
hydrogen,  the  distillation  being  continued  until  a  thermometer  inserted 
in  the  liquid  showed  a  temperature  of  105°.  The  residual  liquid  was 
poured  while  still  hot  into  Cax'ius  tubes ;  after  displacing  air  by  dry 
carbon  dioxide  the  tubes  were  sealed  and  then  heated  to  150 — 180°' 
for  five  or  six  hours.  The  precise  temperature  required  must  be  deter- 
mined by  trial  in  each  particular  case  ;  the  limits  between  the  tempera- 
ture at  which  the  reaction  proceeds  satisfactorily  and  that  at  which 
charring  begins  being  somewhat  narrow.  The  cooled  liquid  was  poured 
into  excess  of  water,  and  the  oil  which  separated  was  isolated  by 
means  of  ether.  The  ether  and  toluene  were  then  evaporated  at  atmo- 
spheric pressure  (up  to  120 — 130°),  and  the  residual  dark  brown  oil 
afterwards  fractionated  under  a  pressure  of  25  to  30  mm.  The  frac- 
tions which  distilled  below  190°  consisted  mainly  of  unchanged  cyano- 
succinic ester,  together  with  some  bromo-fatty  ester.  The  cyano- 
tricarballylate  distilled  between  195°  and  215°  as  a  viscous,  nearly 
colourless  oil,  the  greater  part  of  which  boiled  between  200°  and  205°. 
The  yields  were  from  19  to  20  per  cent,  of  the  theoretical.  The  oils 
were  subsequently  hydrolysed  by  boiling  with  concentrated  hydro- 
chloric acid  for  three  to  four  days,  and  the  acids  isolated  from  the 
hydrolytic  products  as  described  by  Bone  and  Sprankling  {loc.  cit.). 

aay- Trime thyltricarhallylic  A cid, 

C02H-CMe2-CH(C02H)'CHMe*C02H. 
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— (a).  From  the  hydrolysed  product  of  the  interaction  of  aihyl-fifi- 
dimethylcyanosuccinate  and  ethyl  a-bromopropionate  we  isolated  an 
acid  which  in  the  crude  state  melted  at  123 — 125°,  but  after  several 
recrystallisations  from  chloroform  quite  sharply  at  133 — 134°. 
Analysis  indicated  that  it  was  a  tribasic  acid  : 

0-1620  gave  0-2940  CO^  and  0-0994  H.O.     0  =  49-55  ;  H  =  6-78. 

Cj^Hj^O^  requii-es  C  =  49-5  ;  H  =  6-42  per  cent. 
0-1800  of  silver  salt  gave  0-1086  Ag.     Ag  =  60-4. 

C;)H^jOgAg3  requires  Ag  =  60-1  per  cent. 

The  acid  was  very  soluble  in  water,  alcohol,  or  ether  ;  only  moderately 
so  in  chloroform  and  insoluble  in  light  petroleum.  It  is  best  purified  by 
crystallisation  from  chloroform. 

Dissociation  Constant. — Conductivity  determinations  for  four  suc- 
cessive dilutions  at  25°  gave  the  following  results  : 


V. 

^». 

m. 

K^  look. 

27 

21-51 

0-0597 

0-01403 

54 

30-35 

0-0843 

0-01437 

108 

42-58 

0-1183 

0-01462 

216 

59-45 

K  = 

0-1651 
=  0-0145. 

001510 

Whilst  this  value  is  of  the  same  order  of  magnitude  as  those  of  other 
tricarballylic  acids,  it  is  much  lower  than  that  of  either  tricarballylic 
acid  itself  (0-022),  or  those  of  its  mono-  or  di-methyl  derivatives. 

Anhydro-acid. — When  boiled  with  acetyl  chloride  the  acid  yielded  a 
liquid  anhydro-acid,  which,  although  distilled  in  a  vacuum,  did  not 
solidify ;  in  this  respect  it  resembles  the  anhydro-acids  of  the  two 
a-methyltricarballylic  acids  already  described  by  Bone  and  Sprankling. 
With  water  the  liquid  yielded  the  original  acid,  melting  at  133°. 

Calcium  Salt. — As  in  the  case  of  the  other  tricarballylic  acids,  a 
crystalline  calcium  salt  immediately  separated  when  a  solution  of  the 
ammonium  salt  was  boiled  with  calcium  chloride  solution ;  the 
precipitate  was  permanent  and  did  not  appreciably  redissolve  on 
cooling. 

Analyses  of  the  salt  dried  at  100°  established  the  formula 
(CgHj^Og)2Ca3,HoO. 

Since  aay-trimethyltricarballylic  acid  contains  two  asymmetric  carbon 
atoms  it  should  exist  in  two  inactive  stereoisomeric  forms  ;  on  the 
other  hand,  the  molecule  of  the  aayy-tetramethyl  acid  is  symmetrical, 
and  therefore  in  its  case  the  possibility  of  stereoisomerism  is 
precluded. 

All  attempts  to  convert  the  aay-trimethyltricarballylic  acid  into  a 
stereoisomeride  entirely  failed ;  it  underwent  no  appreciable  change 
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when  heated  under  pressure  with  strong  hydrochloric  acid  at  220^  for 
eight  hours,  except  that  it  was  converted  into  the  liquid  anhydro-acid, 
which  with  water  yielded  the  original  acid  melting  at  134 — 135°. 
Further,  we  were  unable  to  isolate  any  stereoisomeride  from  the 
hydrolysed  product  of  the  interaction  of  ethyl  methylsodiocyano- 
succinate  and  ethyl  bromoisobutyrate. 


a^-Dimethylbutane  a(3^- tricarboxylic  Acid, 

C02H-CHMe-CH(C02H)-CH2-CHMe-C02H. 

(b)  From  the  hydrolysed  product  of  the  interaction  of  ethyl 
methylsodiocyanosuccinate  and  ethyl  a-bromoisobutyrate  we  obtained 
a  tribasic  acid  isomeric  with  that  just  described ;  the  crude  acid 
melted  at  100 — 102°,  but  after  crystallisation  from  chloroform  and 
light  petroleum  at  107°.     On  analysis  : 

0-1260  gave  0-22B1  CO,  and  0-0760  H,0.     0  =  49-37;  H  =  6-70. 
CgHj^Og  requires  C  =  49-5  ;  H=:6-42  per  cent. 

0-1100  silver  salt  gave  0-0792  CO, ;  0-0238  U.p  and  00664  Ag ; 
0  =  19-64;  H  =  2-40;  Ag  =  60-36. 

OgHjiOgAgg  requires  0  =  20-00  ;  H  =  2-40  ;  Ag  =  60-10  per  cent. 

Its  solubilities  in  alcohol,  ether,  chloroform  or  light  petroleum 
resembled  those  of  the  isomeric  acid  (m.  p.  134°)  ;  its  dissociation 
constant  at  25°  was  determined  as  follows  : 


V. 

Mf 

VI. 

A'=lOO^- 

83-52 

39-09 

0-1086 

0-0158 

16704 

53-67 

01491 

0-0156 

334-08 

75-92 

0-2109 

0-0168 

668-16 

100-36 

0-2788 

0-0161 

The  constant  is  0-0161. 

Anhydro-acid. — With  acetyl  chloride  the  acid  yielded  the  corre- 
sponding liquid  anhydride ;  this  with  water  regenerated  the 
original  acid  : 

0-1301  gave  0-2569  OOg  and  0-0710  H2O.     0  =  53-89  ;  H  =  6-07. 
CgB^^fir,  requires  0  =  5400  ;  H  =  6-07  per  cent. 

At  first  we  concluded  that  the  two  isomeric  acids  just  described 
represented  respectively  the  two  possible  inactive  forms  of  aay-tri- 
methyl  tricar  bally  lie  acid,  although  it  seemed  curious  that  one  acid  only 
should  be  produced  in  each  of  two  so  nearly  allied  reactions,  and  that 
the  same  acid  should  be  always  produced  as  the  result  of  the  same 
reaction. 

The  next  question  was  to  find  whether  one  acid  can  be  converted 
into  the  other  by  any  of  the  methods  which   have   been  used  in  the. 
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case  of  other  stereoisomoric  tricai-ballylic  acids.  We  have  already 
shown  that  the  acid  meltiug  at  134°  exhibited  no  sign  of  stereoisomeric 
change,  either  after  prolonged  treatment  with  strong  hydrochloric 
acid  or  with  acetic  anhydride,  at  high  temperatures.  Experiments 
with  the  acid  melting  at  107"  Avere  C(|ually  without  result  in 
this  respect,  although  we  heated  it  with  strong  hydrochloric  acid  to 
230°  for  twelve  hours.  Those  negative  results,  whilst  not  conclusively 
proving  that  the  two  acids  are  not  stcrcoisoinerides,  certainly  suggest 
that  they  are  structurally  different. 

An  examination  of  the  calcium  salt  of  the  acid  (m.  p.  107°) 
strengthened  this  conclusion.  The  calcium  salts  of  all  the  other 
known  methyl-suljstituted  tricarballylic  acids  are  immediately  precipi- 
tated, when  solutions  of  their  ammonium  salts  are  boiletl  with 
calcium  chloride,  although  some  of  them  redissolve  on  cooling.  Tho 
calcium  salt  of  the  acid,  melting  at  133 — 134°,  was  in  this  way 
instantly  precipitated,  and  it  did  not  redissolve  on  cooling.  In 
contrast  with  this  behaviour,  the  acid  melting  at  107°  yielded  no 
insoluble  calcium  salt,  and,  moreover,  the  melting  point  of  the  acid  is 
30°  lower  than  those  of  all  the  other  methyltricarballylic  acids. 

In  considering  the  mechanism  of  the  reaction  between  ethyl  a-bromo- 
tsobutyrate  and  methyl  sodiocyanosuccinatc,  it  seemed  probable  that 
first  of  all  hydrogen  bromide  is  eliminated  from  the  ethyl  a-bromotso- 
butyrate,  and  that  the  resulting  methylacrylic  ester  subsequently  con- 
denses with  the  ethyl  methylsodiocyanosuccinate  as  follows  : 

C02Et-CHMe-CNa(CN)-C02Et  +  CHoICMe-COoEt  — > 

C02EfCHMe-C(CH2'CMelSra-C02Et)(CN)-GO,Et. 

The  product  of  the  reaction  would,  on  hydrolysis,  yield  aS-dimethyl- 
butane  a^S-tricarboxylic  acid, 

C02H-CHMe-CH(C02H)-CH2-CHMe-C02H. 

This  supposition  was  confirmed  by  condensing  methyl  sodiocyano- 
succinic  ester  with  monomethylacrylic  ester ;  on  hydrolysing  the 
condensation  product  with  hydrochloric  acid,  we  obtained  an  acid 
identical  in  all  respects  with  the  acid  melting  at  107°. 

The  sodium  compovind  of  the  methyl  cyanosuccinic  ester  was  pre- 
pai'ed  by  adding  the  ester  to  the  calculated  quantity  of  .sodium 
ethoxide  dissolved  in  alcohol.  To  this  was  added  the  calculated 
amount  of^  methylacrylic  ester  (prepared  by  Thorpe's  method,  Trans., 
1900,  77,  947),  and  the  mixture  boiled  for  sixteen  hours  on  the 
water-bath.  The  product,  which  had  darkened  in  colour,  was  cooled 
and  poured  into  water,  when  a  brown  oil  was  obtained,  which  was 
extracted  with  ether  in  the  usual  manner.  After  evaporating  the 
ether  the  residual  oil  was  fractionated  under  a  pressure  of  40  mm.; 
the    fraction    collected    between    190°    and    205°   was    hydrolysed   by 
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boiling  with  concentrated  hydrochloric  acid  for  sixteen  hours  in  a 
reflux  'apparatus,  and  the  acid  isolated  as  described  by  Bone  and 
Sprankling  (loc.  cit.).  The  acid  was  at  first  obtained  as  a  pale  yellow 
oil,  which  solidified  on  standing  for  some  hours  in  a  vacuous  desiccator. 
On  crystallisation  from  chloroform  it  yielded  small  white  crystals, 
which  melted  at  105°  A  mixture  in  equal  proportions  of  this  and  the 
acid  (m.  p,  107^^)  prepared  from  the  bromo-fatty  ester  melted  at 
104—105°. 

This  acid  gave  no  insoluble  calcium  salt  when  a  solution  of  its 
ammonium  salt  was  boiled  with  a  solution  of  calcium  chloride.  Its 
solution  in  water  does  not  decolox'ise  alkaline  permanganate  in  the 
cold. 

Its  solubilities  in  water,  ether,  alcohol,  chloroform  or  light  petroleum 
agree  with  those  of  the  acid  melting  at  107°. 

0-1471  gave  0-2657  C0._,  and  0-0870  H.p  ;  0  =  49-25  ;  H  =  6-59. 

OgHj^Og  requires  0  =  49-5;  H  =  6-42  per  cent, 

0-1540  silver  salt  gave  0-0930  Ag.     Ag  =  60-38* 

OgHjjOgAgg  requires  Ag  =  60-10  per  cent. 

The  conductivity  for  four  dilutions  was  determined,  and  gave  results 
closely  agreeing  with  those  of  the  acid  melting  at  107°. 


V, 

Ml.. 

711. 

K=lWh. 

43-4 

27-68 

0-0769 

0-01476 

86-8 

38-99 

0-1080 

0-01506 

173-6 

54-55 

0-1510 

0-01547 

347-2 

75-30 

0-2090 

0-01590 

The  constant  is  0-01530, 

It  will,  therefore,  be  seen  that  this  acid  agrees  in  all  its  properties 
with  that  prepared  by  the  first  method  given  in  this  paper,  and  is 
therefore  identical  with  it.  The  structural  formula  follows  from  the 
synthesis,  showing  that  the  acid  is  not  a  trimethyltricarballylic  acid, 
although  isomeric  with  this  group  of  acids. 

aayy-Tetramethyltricai'hallylic  A cid, 
OO.H-  CMe/0H(002H)  •  OMoa'  OO^H. 

This  acid  was  isolated  from  the  hydrolysed  product  of  higher  boiling 
point  (190 — 215°/35  mm.),  obtained  by  the  interaction  of  ethyl 
/3/3-dimethylsodiocyanosuccinate  and  ethyl  a-bromoz'sobutyrate  in 
toluene  solution.  After  two  recrystallisations  from  chloroform  it 
melted  at  140°.    On  analysis  : 

0-1628  gave  0-3046  00^  and  0-1026  H2O.     0^51-31 ;  H  =  7-03. 
Cj^HigOg  requires  0  =  51-70  ;  11  =  6-94  per  cent. 

B  B  2 
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0-2110  silver  salt  gave  0-1244  Ag.     Ag  =  58-95. 

CjoHjgOyAgg  requires  Ag  =  58G  per  cent. 

The  calcium  salt,  dried  at  100°,  bad  the  composition 
(CioHi30o)2Ca.v^H,0. 
The  acid  crystallises  well  from  chloroform,  is  very  soluble  in  water, 
alcohol,  other,  or  benzene,  but  is  insoluble  in  light  petroleum.     Its 
dissociation  constant  was  determined. 


V. 

M»- 

m. 

K=100k. 

34-4 

24-80 

0-0688 

0-01478 

68-8 

34-40 

0-0970 

0-01514 

137-6 

4800 

0-1333 

001500 

275-2 

66-66 

0-1850 

0-01527 

The  constant  is  0-01505. 

Anhydro-acid. — With  acetyl  chloi-ide  the  acid  yielded  the  correspond- 
ing liquid  anhydro-acid,  which  on  standing  several  days  in  a  vacuous 
desiccator  solidified  to  a  white  crystalline  substance  melting  at  132°; 
this  with  water  regenerated  the  original  acid  melting  at  139°. 

The  authors  wish  to  express  their  best  thanks  to  Prof.  Bone  for  his 
kind  assistance  in  the  earlier  stages  of  the  research  and  also  to  the 
Research  Fund  Committee  of  the  Chemical  Society  for  a  grant,  which 
enabled  them  to  purchase  the  moie  expensive  chemicals  used  in  the 
work. 
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XXXIX.— /?i^?(eHce  of  Substitution  ou  the  Formation  of 
Diazoamines  and  Aminoazo-comjjounds.  Part  VI. 
The  Partially  Methylated  4  :  G-Diamino-ia-xylenes. 

By  Gilbert  T.  Morgan  and  Frances  M.  G.  Micklethwait. 

It  was  previously  shown  by  one  of  the  authors  that  aminoazo- 
compounds  can  be  obtained  from  diazonium  salts  and  4  ;  6-diamino-??t- 
xylene,  whereas  this  condensation  is  entirely  inhibited  when  the  aminic 
hydrogen  atoms  are  completely  replaced  by  alkyl  groups  as  in 
tetramethyl-4 :  6-diamino-m-xylfene  (Trans.,  1902,  81,  89,  656). 

As  the  partially  methylated  bases  of  this  series  had  not  been  pre- 
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pai-ed,  it  seemed  of  interest  to  obtain  these  substances  in  order  to 
ascertain  how  the  progressive  methylation  of  the  primary  diamine 
would  affect  the  formation  of  azo-derivatives. 

One  of  these  partially  methylated  bases,  namely,  s-dimethyl-4  :  6- 
diamino-m-xylene,  was  recently  prepared  and  studied  by  one  of  the 
authors  and  Mr,  A,  Clayton  (Trans.,  1906,  89,  1054),  when  it  was 
found  that  the  combination  with  diazo-compounds  proceeded  with  great 
difficulty,  and  the  product  appeared  to  contain  both  a  diazoamine  and 
an  aminoazo-compound. 

All  the  other  partially  methylated  derivatives  of  4  : 6-diamino-?»- 
xylene,  namely,  onethyl-'i  :  %-diamino-va.-xylene,  ti^- dimethyl- i  :  6- 
diamino-ni-xylene  and  trimethyl-i  :  Q-diamino-m.-xylene ,  have  now  been 
obtained  by  methods  described  in  the  experimental  part  of  this  com- 
munication, and,  as  will  be  seen  from  the  following  diagram,  the 
processes  employed  were  devised  to  yield  as  far  as  possible  the 
required  base  uncontaminated  by  other  members  of  the  series  : 


A. 

NH, 

CH3 

NH-S02-C-H, 
CH3 

N(CH3)-SO.,-CVH7 
CH3 

N(CH3) 

•so^-aHy 

NH-CH3 

CH3/\ 
CH3 

_>        CH3 

CH3 
I. 

B. 

NH-S02-C,H,                                 N(CH3)-SO,-C6H5 

I^NH-SO^-C.H^         '              l^^N(CH3)-SO,-CsH5      "^ 
CIT3                                                CH3 

NH-CH^ 

oh/\ 

1       'XH*CH3 
CH3 

II. 

C. 

CH3 

.X(CH3), 

CH3 

.N(CH3), 

CH3 

III, 

cir 
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N(CH3),  N(CH,)2 

CH3  CH, 

N(CH3), 

NH-CHa 

IV.  " 

These  diamines  were  readily  cliaracterised  by  their  behaviour 
towards  nitrous  acid,  each  furnishing  a  product  of  a  different  type. 
Methyl-4 :  G-diamino-iu-xyleue  (I)  gave  a  nitroso-diazonium  salt, 
rts-dimethyI-4  : 6-diamiao-?/i-xylene  (III)  formed  a  normal  diazo- 
nium  salt,  whilst  trimethyl-4  :  6-diamino-m-xylene  (IV)  gave  rise 
to  a  monouitrosoamine.  s-Dimethyl-4  :  6-diamino-m-xylene  (II),  pre- 
viously examined,  yielded  a  dinitrosoamine  (Morgan  and  Clayton,  loo. 
cit.). 

These  partially  methylated  diamines  were  now  submitted  in  turn 
to  the  action  of  vai'ious  diazonium  salts. 

Methyl-4  :  G-diamino-m-xylene,  like  4  :  6-diamino-7>i-xylene  itself, 
furnished  only  azo-derivatives,  but  the  yields  in  this  case  were  even 
smaller  than  with  tho  unmethylated  base,  and  diazoamines  were  not 
isolated, 

as-Dimethyl-4 : 6-diamino-m-xylenc,  on  treatment  with  ^;-nitro- 
benzenediazonium  chloride,  furnished  a  well-defined  diazoamine, 
accompanied  only  l)y  traces  of  an  azo-derivative.  This  as-dimethyl 
base  may  be  compared  with  s-dimethyl-4  :  6-diamino-m-xylene  which, 
with  the  same  diazonium  salt,  gave  rise  to  a  mixture  of  azo-derivative 
and  diazoamine  (Morgan  and  Clayton,  loc.  cit.). 

Trimethyl-4  :  6-diamino-m-xylene  combined  readily  with  diazotised 
amines  to  form  well-defined  diazoamines  accompanied  only  by  traces 
of  azo-derivatives.  The  diazoamines  produced  with  ^j-nitrobenzene- 
diazonium  and  toluene-^^-diazonium  chlorides  respectively  were  crystal- 
lisable  compounds  easily  isolated  in  a  state  of  purity  and  constituting 
the  main  product  of  the  condensation. 

The  experiments  on  the  dipara-substftuted  m-diamines  have  thus 
shown  that  progressive  methylation  of  these  bases  renders  increasingly 
difficult  the  formation  of  o-aminoazo-compounds,  and  that  complete 
methylation  altogether  prevents  this  condensation.  Now  this  tendency 
is  entii-ely  absent  in  the  ^j-aminoazo-series  where  the  completely 
methylated  bases  form  azo-derivatives  just  as  readily  as  the  primary 
diamines.  This  striking  contrast  points  to  some  difference  in  the 
mode  of  formation  of  the  two  series  of  azo-compounds.     The  presence 


i 
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of  a  labile  aminic  hydrogen  atom  seems  to  be  essential  for  the  produc- 
tion of  an  ortho-aminoazo-compound,  and  this  circumstance  suggests 
the  view  that  the  condensation  actually  occurs  with  a  dynamic  form 
of  the  diamine  in  which  an  ortho-quinonoid  configuration  has  been 
acquired. 

NH  NH 


CH3/\<iJJ  +    ON-NHR  CHo^^IN-NHR 

^ :  =    H,0  +  i, 

i1      List  FT  "  ''      'nr 

CH3  CH3 

The  system  may  then  revert  more  or  less  completely  to  the  benzenoid 
form  after  condensation  has  been  effected. 


Experimental. 
Methyl-i  :  ^-diamino-va-xylene. 

»i-Xylene  was  nitrated  by  adding  to  250  grams  of  the  hydrocarbon 
cooled  by  salt  and  ice,  a  mixture  of  500  grams  of  concentrated 
sulphuric  acid  and  575  grams  of  nitric  acid  (sp.  gr.  1"52).  The  mixture 
was  subsequently  heated  for  one  hour  on  the  water-bath,  and  then 
cooled  and  poured  on  to  ice.  The  4  :  6-dinitro-??i-xylene  was  isolated 
by  repeatedly  crystallising  the  product  from  alcohol,  taking  at  each 
stage  the  less  soluble  crop  of  crystals. 

6-Nitro-4-amino-??i-xylene  was  prepared  by  dissolving  the  dinitro- 
compound  (20  grams)  in  120  c.c.  of  warm  alcohol,  adding  10  c.c. 
of  strong  ammonia,  and  saturating  the  solution  with  hydrogen  sulphide; 
the  addition  of  ammonia  and  hydrogen  sulphide  was  repeated  after 
half  an  hour's  heating,  and  finally,  when  a  considerable  amount  of 
a  crystalline  yellow  solid  had  separated,  a  small  quantity  of  water  was 
added,  and  the  alcohol  was  evaporated.  The  nitro-base  was  extracted 
with  hydrochloric  acid  from  the  washed  residue  and  reprecipitated 
from  the  filtered  solution  by  ammonia ;  the  crude  product  melted  at 
120°,  and  was  recrystallised  until  the  correct  melting  point  (123°)  was 
obtained, 

Toluene-'^-sul2)honyl-%-nitTo-^-amino-\'n.-xylene, 

NO./C,H2(CH3)2-NH-S02-C7H7, 
was  obtained  by  heating  for  twenty  hours  in  dry  pyridine  20  grams 
of  the  nitroxylidino  and  an  excess  of  toluene-^>sulphonic  chloride 
(43  grams) ;  the  yield  amounted  to  33  grams,  and  the  product  after 
crystallisation  from  alcohol  separated  in  transparent,  pale  yellow 
crystals  melting  at  192°  : 

0-3716  gave  28-4  c.c.  nitrogen  at  18°  and  756  mm,     ISr  =  8-78. 
C'lgHjgO^NoS  requires  N  =  8-70  per  cent. 
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Tohiene-'p-sulphonyl-B-nitroA-methylamino-m-xi/lene, 
NO,-CgH2(CH3)2-N(CH3)-S02-C7H7, 
obtained  by  methylating  the  preceding  compound  in  a  reflux  apparatus 
with    methyl    iodide   and   alcoholic   soda,   separated    from    alcohol    in 
colourless,  prismatic  crystals  (m.  p.  135 — 136°)  which  are  insoluble  in 
{iqueous  alkalis  ; 

0-1 990  gave  14-6  c.c.  nitrogen  at  20°  and  778  ram.     N  =  8-57. 

CjgHjgO^NgS  requires  N  =  8"38  per  cent. 
i^-Toluene-'^-sulpJionyl-i-methyl-i  :  Q-diamino-va-xylene, 
NH2-CcH2(CIT3)2-N(CH3)-SO,-aH„ 
was  produced  by  reducing  the  preceding  nitro-compound  with  iron  and 
dilute  acetic  acid,  but  as  it  did  not  crystallise  satisfactorily  from  the 
ordinary  organic  media  it  was  converted  into  its  hydrochloride,  which 
separates  from  an  acid  solution  in  almost  colourless  prisms  melting  at 
225° : 

0-4426  gave  0-1752  AgCl.     CI  =  9-96. 

Ci5H2o02N2S,HCl  requires  CI  =  10-42  per  cent. 

The  base  yields  a  very  insoluble  platinichloride  and  an  acetyl 
derivative,  crystallising  from  benzene  in  colourless,  felted  needles,  and 
melting  at  176°. 

The  azo-P-naphthol  derivative, 

C,H,.S02-N(CH3)-CeH2(CH3)2-N2-C,oH«-OH, 
crystallises  from  alcohol  or  acetic  acid  in  bright  red,  felted  needles,  and 
melts  at  177—178°. 

Hydrolysis  of  the  Sulphonamide. — This  operation  was  successfully 
effected  by  heating  for  three  hours  at  120 — ^130°  a  large  number 
of  sealed  tubes,  each  containing  3-5  gi-ams  of  the  crystalline  hydro- 
chloride of  the  sulphonamide  and  12  c.c.  of.  concentrated  hydrochloric 
acid.  The  product  was  rendered  alkaline  with  ammonia  and  extracted 
with  chloroform,  the  extract  being  then  dried  with  anhydrous  sodium 
sulphate  and  evaporated  on  the  water-bath.  The  dark,  oily  residue 
thus  obtained  was  distilled  under  diminished  pressure  in  a  current  of 
carbon  dioxide,  when  a  colourless  oil  passed  over  at  180°/25 — 30  mm. 
This  fraction  when  redistilled  boiled  constantly  at  166 — 167°/10  mm., 
and  solidified  in  the  receiver  in  stellate  clusters  of  colourless  hastate 
crystals  melting  at  57°  : 

0-1739  gave  0-4550  CO.,  and  0-1503  HgO.     C  =  71-35;  H  =  9-60. 

0-1892     „     0-4978  CO2   „    0-1619  H2O.     C  =  71-75 ;  H  =  9-50. 

0-1521      „     24-6  c.c.  nitrogen  at  19°  and  763  mm.     N=  18-68. 
CgHj^Ng  requires  0  =  72 -00;  H  =  9-33;  N- 18-66  per  cent. 

This  diamine,  which  is  extremely  oxidisable,  does  not  crystallise 
readily  from  the  ordinary  organic  solvents,  but  its  benzene  solution  on 
evaporation  deposits  transparent,  colourless  plates.     When  the  hydro- 
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chloride  of  this  base  is  treated  with  excess  of  sodium  nitrite  it  reacts 
with  two  molecular  proportions  of  nitrous  acid,  forming  a  soluble 
nitrosodiazonium  chloride  ;  this  substance  condenses  with  alkaline 
yS-naphthol  to  yield  an  azo-/3-7iaphthol  derivative, 

NO-N(CH3)-C6Ho(CH3)2-N2-C,oH6-OH, 
which  separates  from  benzene   in   lustrous,  red    prisms   or   lath-like 
crystals,  melting  at  195 — 196°  : 

0-1720  gave  0-4337  CO2  and  0-0937  H2O.     C  =  68-76  ;  H  =  6-05. 

0-1332     „     20-2  c.c.  nitrogen  at  20°  and  773  mm.     N^  17-66. 
C19H18O2N4  requires  0  =  68-26;  H-5-38;  N  =  16-76  per  cent. 

This  substance  was  analysed  only  with  difficulty  owing  to  the  readi- 
ness with  which  it  evolves  nitrous  fumes  on  heating. 

a.s- Dimethyl- i  :  ^-diamino-m.-xylene. 

Methylation  of  %-Nitro-i-amhio-VQ.-xylene. — The  recrystallised  nitro- 
xylidine  (m.  p.  123°)  was  converted  into  its  hydrobromide,  and  3  grams 
of  this  salt  were  heated  with  12  c.c.  of  methyl  alcohol  for  five  hours  at 
150 — 180°,  the  most  suitable  temperature  being  160°.  The  sealed 
tubes  then  contained  a  clear  red  solution  quite  free  from  tar.  The 
contents  of  sixty  tubes  were  diluted  with  water,  boiled  with  animal 
charcoal,  and  then  rendered  ammoniacal.  The  methylated  nitroxylidine, 
which  was  extracted  with  chloroform,  refused  to  solidify  on  evaporating 
off  the  solvent  and  cooling  the  residue.  A  small  portion  was  converted 
into  its  crystalline  2ncrate,  N02-C6H2(CH3)2-NrCH3)2,CeH2(N02)3-OH, 
which  melts  with  violent  decomposition  at  170 — ^173°: 

0-1 174  gave  16-4  c.c.  nitrogen  at  20°  and  777  mm.     N=  16-39. 
C^gHj^OgNg  requires  N  =  16-54  per  cent. 

The  main  bulk  of  the  oily  nitro-base  was  reduced  with  a  moderate 
excess  of  tin  and  hydrochloric  acid ;  the  metal  was  subsequently 
I'emoved  with  hydrogen  sulphide  and  the  solution  of  the  hydi'ochloride 
of  the  methylated  diamine  evaporated  to  a  syrupy  consistence.  The 
base  set  free  with  ammonia  was  extracted  with  chloroform  containing 
a  small  quantity  of  ether  ;  the  extract  after  drying  with  anhydrous 
sodium  sulphate  was  evaporated  at  100°,  and  the  oily  residue  distilled 
under  diminished  pressure,  when  a  viscid,  yellow  oil  passed  over  at 
174°/45  mm.  When  redistilled  in  a  current  of  carbon  dioxide  the 
oil  boiled  constantly  at  149 — ^150°/21  mm.  and  was  obtained  quite 
colourless  : 

0-2328  gave  0-6242  CO2  and  0-2108  H2O.     0  =  73-13  ;  H  =  10-06. 

0-1470     „      21-6  c.c.  nitrogen  at  18°  and  769  mm.     N=  17-19. 
CjoHjeK,  requires  0  =  73-17;  H  =  9-75  ;  N  =  17-07  per  cent. 

as- Dimethyl -4: ;  Q-diamino-m-xyleiie  rapidly  assumes  a  yellow  colour 
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on  exposure  to  the  atmosphere  and  ultinjately  ])ecoines  red;  it  has  a 
faint  but  characteristic  odour  and  does  not  solidify  at  -  10°.  Its  Falts 
with  the  minei'al  acids  are  fairly  sohible  in  water ;  its  benzoyl 
derivative,  N(UlI,,)2-C,.lJ,(CH3)2-NH-CO-Cyr.,,  crystallises  from  a 
mixture  of  absolute  alcohol  and  light  petroleum  (b.  p.  60 — SO'')  in 
colourless,  glistening  plates  and  molts  at  123°. 

When  treated  with  excess  of  sodium  nitrite  in  acid  solution  the 
hydrochloride  of  this  diamine  reacts  with  only  one  molecular  pio- 
portion  of  nitrous  acid,  yielding  a  soluble  diazonium  salt  which  con- 
denses with  /^-naplithol  to  form  the  a::o  (i-naph.lhol  derivative, 

N(Cll3),-C,H,(CH3),-N,-Cj,H,.OH, 
which  separates  from  benzene  in  stellate  clusters  of  prismatic  crystals 
melting  at  140—142°. 

0-1883  gave  21-5  c.c.  nitrogen  at  19°  and  763  mm.     N  =  1319. 
CooHjiONg  requires  N  =  13'16  per  cent. 

Ti'iviethi/l-i  :  G-diamino-m-xylene. 

Benzenesulj)honyl-iis-dimethyl-\  :  G-diamino-m-xylene, 
N(CH3),-C„H2(CIl3),-NH-S02.C,H,. 
— This  sulphonamide  was  obtained  from  a5-dimethyl-4  :  6-di.amino-»z- 
xylenc  and  benzencsulphonic  chloride  by  the  Schotten-Baumann  reaction. 
The  main  bulk  of  the  product  dissolved  in  the  aqueous  caustic  soda, 
although  a  small  amount  of  a  substance  insoluble  in  the  alkali  was 
isolated.  This  compound,  which  crystallised  from  alcohol  or  benzene  in 
colourless,  transparent  plates,  melted  at  113 — 115°  and  contained  9"38 
per  cent,  of  nitrogen  ;  it  was  not,  however,  further  examined.  The 
alkaline  solution,  when  acidified  with  excess  of  hydrochloric  acid, 
yielded  (a)  a  small  quantity  of  insoluble  matter ;  this  product  when 
crystallised  from  alcohol  separated  in  hard,  colourless  prisms  and 
melted  ^vt  136—138°: 

0-2690  gave  15  c.c.  nitrogen  at  19°  and  780  ram.     N  =  6-56. 
Cg^HgoO^NgSg  requires  N  =  6-51  per  cent. 

This  compound  appeared  to  be  derived  from  a  small  quantity  of 
methyl-4  :  6-diamino-m-xylene  present  in  the  dimethyl  base  and  its  pro- 
perties (solubility  in  alkali  hydroxides  and  insolubility  in  acids)  pointed 
to  the  formula 


CH3 


3 
•N(CH3)-S02-C,H,. 


This  supposition  was  confirmed  by  applying  the  Schotten-Baumann 
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reaction  to  methyl-4  :  6-diamino-?H-xylene  when  the  same  compound 
was  produced. 

The  main  hydrochloric  acid  sohition  (a),  after  filtration  from  the 
preceding  compound,  was  treated  with  excess  of  sodium  acetate,  when 
the  required  benzenesulphonyl-o«-dimethyl-4  :  Gdiamino-^i-xylene  was 
obtained  as  a  snow-white  precipitate  ;  this  crystallised  from  alcohol 
and  was  obtained  in  colourless  needles  melting  at  112 — 113°: 

0-3170  gave  25-2  c.c.  nitrogen  at  17-5°  and  771  mm.     N  =  9-33. 
C^f-HooOgNgS  requires  ISr=:9'21  per  cent. 

Benzenesuljihonyltrimelhyl-i  :  Q-diamino-m-xi/lene, 

N(CH3),.C«H2(CH3)2-N(CH3).SO,.C«H„  ^ 
was  prepared  from  the  pi-eceding  compound  by  heating  it  with  methyl 
iodide  and  alcoholic  potash  in  a  reflux  apparatus  for  nine  hours.  The 
product,  which  was  quite  insoluble  in  aqueous  caustic  soda,  was 
dissolved  in  warm  dilute  hydrochloric  acid,  reprecipitated  from  the 
filtered  solution  by  either  sodium  acetate  or  ammonia,  and  crystallised 
from  alcohol,  when  it  separated  in  transparent,  lustrous,  colourless 
needles  melting  at  122—123°  : 

0-2216  gave  17-5  c.c.  nitrogen  at  20°  and  779  mm.     N  =  9'26. 
Cj^HgaOgNgS  requires  N  ==  8"80  per  cent. 

Hydrolysis  of  the  Trimethylated  Sidphonamide. — Several  tubes  were 
each  charged  with  3  grams  of  the  sulphonamide  and  12  c.c.  of  concen- 
trated hydrochloric  acid  and  heated  at  130 — 150^  for  four  hours.  A 
clear  red  solution  was  generally  obtained,  although  in  a  few  instances  a 
small  amount  of  tar  was  present.  The  filtered  liquid  was  rendered 
ammoniacal  and  extracted  with  chloroform ;  the  oily  residue  left  after 
evaporating  the  dehydrated  extract  at  100°  was  distilled  under 
diminished  pressure  in  a  current  of  carbon  dioxide.  The  main  portion 
boiled  at  151°/20  mm.  and  when  rectified  at  145°/15  mm.  was  obtained 
as  a  colourless  oil  which  slowly  solidified  to  a  mass  of  colourless  crystals 
melting  at  40—42°  : 

0-1432  gave  0-3864  COg  and  0-1321  HoO  ;  C  =  73-60;  H  =  10-25. 
0-1414     „     18-8  c.c.  nitrogen  at  16°  and  775  mm.     N  =  15-81. 
CiiHisNg  requires  C  =  74-15  ;  H=  10-11 ;  1^  =  15-73  per  cent. 

Trimethyl-4: :  6-diamino-m.-xylene,  when  treated  in  cold  dilute  hydro- 
chloric acid  with  excess  of  sodium  nitrite,  yielded  only  a  mononitroso- 
amine  which  separated  on  the  addition  of  excess  of  sodium  acetate  as 
an  oil  which  slowly  solidified  to  a  mass  of  almost  colourless  crystals 
melting  at  45°  ;  1  gram  of  the  diamine  furnished  one  gram  of  its 
nitrosoamine  : 

0-1428  gave  25-0  c.c.  nitrogen  at  16°  and  775  mm.     N  =  20-82. 
Cj^Hj^ONg  requires  N  =  20-28  per  cent. 
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This  nitrosoainine  gave  intense  colorations  in  all  the  phases  of  the 
Liebermann  reaction. 


Action   of  Din zonium  Salts   on    the    P artially 
Me  thy  I  a  ted  4:  '.G-Di  ajnin  o-m-x  ylenes. 

(1)  Methyl-i  :  Q-diaviino-m-xylene. — A  comparative  dye-test  made 
with  diazotised  primuline  on  the  cotton  fibre  showed  that  this  base 
behaved  like  4  :  6-diamino-m-xylene  itself  towards  this  diazocompound, 
the  shades  of  red  produced  being  very  similar  in  hue  and  intensity. 
On  treating  the  new  diamine  with  the  simpler  diazonium  salts  it  was 
found  extremely  difficult  to  isolate  any  well-defined  condensation 
products.  The  substances  obtained  by  means  of  toluene-;;- 
diazonium  chloride  were  tarry,  whilst  with  ^j-nitrobenzenediazonium 
chloride  only  a'  very  small  yield  of  any  solid  azo-derivative  was 
isolated  ;  in  neither  case  was  any  diazoamine  obtained.  On  adding  a 
solution  of  the  latter  diazonium  salt  to  one  of  the  diamine  and  then 
treating  the  mixture  with  aqueous  sodium  acetate,  a  deep  brown 
precipitate  appeared,  which  was  accompanied  by  frothing.  This 
product  was  collected  after  twelve  hours,  and,  when  dry,  extracted  with 
alcoliol.  A  small  quantity  of  a  brownish-purple,  crystalline  substance 
separated  from  the  alcoholic  solution.  This  product,  which  contained 
chlorine,  gave  an  intense  reddish-brown  coloration  with  concentrated 
sulphuric  acid,  and  behaved  as  the  hydrochloride  of  the  azo-compound, 
NOo-C,,H4-N2-C,H(CH3)2(NH2)-NH-CH3. 

0-1432  gave  246  c.c.  nitrogen  at  20°  and  778  mm.     N  =  2014. 

Cj-Hi-OgN-.HCl  requires  ]Sr  =  20-86  per  cent. 
This  hydrochloride  melted  at  199—202°. 

(2)  SiS-Dimethyl-4: :  6-diamino-ioa- xylene. — The  primuline  dye-test  in- 
dicated a  marked  diminution  in  the  intensity  of  the  ingrain  azo- 
colouring  matter  obtained  by  using  this  diamine  as  developer.  A 
comparative  experiment  made  with  g-dimethyl-4  : 6-diamino-m-xylene 
showed  that  the  two  isomerides  give  colours  of  similar  hue  and 
intensity. 

A  condensation  of  the  diamine  and  j':)-nitrobenzenediazonium  chloride 
effected  in  the  presence  of  excess  of  aqueous  sodium  acetate  led  to  the 
production  of  a  diazoamine.  This  compound,  which  separated  as  a 
brownish-yellow  precipitate,  was  obtained  in  almost  quantitative  yield, 
3-3  grams  of  the  diamine,  and  2-76  grams  of  ^j-nitroaniline,  furnishing 
5-5  grams  of  this  product.  This  diazoamine  was  either  decomposed  or 
not  dissolved  by  the  available  solvents,  and  was  therefore  prepared 
from  carefully  purified  materials  .and  analysed  after  drying  for  some 
days  over  concentrated  sulphuric  acid  : 
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0-1784  gave  35-0  c.c.  nitrogen  at  lO'^  and  751  mm.     N  =  22-34. 
CjyHjgOgNj  requires  N  =  22-36  per  cent. 

A  weighed  portion,  when  heated  with  concentrated  hydrochloric 
acid  in  the  gas-volumeter,  evolved  the  whole  of  its  diazo-nitrogen  : 

0-4138  gave  29'0  c.c.  nitrogen  at  17°  and  751  mm.     N  =  8-03. 

^iG^io^2-'^a  requires  diazo-N  =  8-91  per  cent. 

These  results  show  that  this  substance  is  i>-nUrobenzened{azo-a,s- 
dimethyl-i  :  Q-diamino-n\-xylene, 

N02-OeH,-N2-NH-C,H,(CH3)2-N(CH3),. 
With   alcoholic   potash   it   developed    the   intense   purple    coloi-ation 
characteristic  of  a    diazoamine    obtained    from  ^j-nitroaniline    and  a 
primary  base;  it  melted  with  violent  decomposition  at  135 — 140°. 

Several  attempts  were  made  to  transform  the  diazoamine  into  the 
isomeric  azo-derivative  by  warming  with  the  hydrochloride  of  the 
diamine  in  alcoholic  solutions  and  also  in  solutions  of  the  diamine 
itself,  but  in  neither  case  was  this  change  effected.  When  «s-dimethyl- 
4  :  6-diamino-m- xylene  was  treated  with  toluene-jo-diazonium  chloride  in 
the  presence  of  aqueous  sodium  acetate,  a  migration  of  the  diazo-group 
occurred,  with  the  result  that  a  portion  of  the  diamine  became 
diazotised  and  then  gave  rise  to  tarry  phenolic  products  soluble  in 
caustic  soda  whilst  diazoaraino-/)-toluene  (m.  p.  116 — 118°)  Avas  pro- 
duced. The  identity  of  this  diazoamine  was  confirmed  by  analysis 
(N  =  18-47,  theory  requires  N=  18-60)  and  by  decomposing  it  with  cold 
concentrated  hydrochloric  acid  and  then  condensing  the  resulting 
diazonium  salt  with  /3-naphthol :  the  latter  compound  melted  at  132°, 
the  correct  value  being  134^135°. 

This  symmetrical  diazoamine  was  not,  however,  the  only  product ;  a 
certain  amount  of  viscid  material  was  obtained  which  was  insoluble  in 
aqueous  alkalis  but  gave  intense  red  colorations  with  concentrated 
hydrochloric  and  sulphuric  acids.  These  reactions  pointed  to  the  pre- 
sence of  an  azo-derivative  but  the  substance  could  not  be  isolated  in  a 
definite  form. 

(3)  Trimethyl-4c :  6- diamino-va.- xylene. — The  primuline  experiment 
showed  that  this  diamine  had  only  a  vexy  slight  tendency  to  form  an 
ingrain  azo-colouring  matter.  This  indication  was  confirmed  by  the 
results  obtained  with  simpler  diazonium  salts,  when  diazoamines  were 
obtained  almost  exclusively. 

'p-jYiirobenzenediazotrimethyl-4: :  G-diamino-m-xylene, 

NO<,-C6H,-N2-N(CH3)-C,H,(CH3)2-N(CH3),. 
This  diazoamine  separates  as  a  viscid,  brownish  red  precipitate  on  con- 
densing the  diamine  and  p-nitrobenzenediazonium  chloride  in  aqueous 
sodium  acetate.       When  dried  and  freed  from  by-products  by  washing 
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with  cold  alcohol,  it  was  crystallised  from  this  medium  and  separated 
in  reddish-yellow  crystals  having  a  violet  reflex  : 

0-1976  gave  36-2  c.c.  nitrogen  at  20°  and  778  mm.     N  =  21-46. 

0-1326     „     0-3028  CO.,  and  0-0742  H,0  ;  C  =  62-27;  H  =  6-22. 
Ci-iroiO,N-  requires  N  =  21-40  ;  C  =  62-38  ;  II  =  6-45  per  cent. 

This  diazoamine  melted  with  violent  decomposition  at  108 — 115°; 
it  gave  no  coloration  either  with  cold  concentrated  sulphuric  acid  or 
with  alcoholic  potash.  These  negative  results  indicate  respectively  an 
absence  of  azo-compound  or  of  nitro-diazoamine  derived  from  a  primary 
base.  When  decomposed  with  concentrated  hydrochloric  acid  in  the 
gas-volumeter  the  new  diazoamine  evolved  two-fifths  of  its  nitrogen, 
a  result  which  corroborates  the  above  view  of  its  constitution. 

The  alcoholic  washings  from  the  crude  diazoamine  on  partial  evapora- 
tion yielded  a  dark  red,  semi-crystalline  residue  which  developed  an 
intense  brownish-red  coloration  with  cold  concentrated  sulphuric  acid. 
This  product  probably  contained  an  azo-compound  but  the  amount  pre- 
sent was  too  small  for  more  detailed  examination  : 

Toluene-T^-diazoirimethi/l-4: :  Q-diamino-n\-xylene, 

CH3-C,H,-N.-N(CH3).C,H,(CH3),-N(CH,),. 
— Trimethyl-4 : 6-diamino-7;i-xylene,  when  condensed  in  the  usual 
manner  with  toluene-^;-diazonium  chloride,  slowly  furnished  a  yellow- 
ish-red, viscid  precipitate  which,  when  collected  and  washed  with  a  little 
cold  alcohol,  yielded  the  crude  diazoamine.  This  substance  was  purified 
for  analysis  by  dissolving  in  light  petroleum  (b.  p.  60 — 80°)  and  adding 
to  the  solution  a  small  quantity  of  alcohol,  when  a  precipitateof  yellowish- 
white  plates  was  obtained  which  melted  at  70 — 71° : 

0-1034  gave  0-2782  CO2  and  0-0719  HoO;  C  =  73-36;  H  =  7-73. 

0-1230     „     19-6  c.c.  nitrogen  at  20°  and  777  mm.     N  =  18-71. 
C18H24N4  requires  0  =  72-97  ;  H  =  8-10  ;  N-  18-91  per  cent. 

The  diazoamine  readily  underwent  fission  with  cold  hydrochloric 
acid,  regenerating  the  diamine  and  the  toluene-^;-diazonium  chloride  ; 
the  latter  was  identified  by  means  of  its  azo-)8-naphthol  derivative 
(m.  p.  134 — 135°).  All  attempts  to  transfoi-m  the  two  foregoing 
diazoamines  into  the  isomei'ic  azo-derivatives  proved  unavailing. 

Summary    of   the   Interactions   of   Aromatic    Meta-diamines 
and   Diazo-compounds. 

As  the  investigation  described  in  this  paper  completes  the  survey  of 
the  interactions  of  meta-diamines  and  diazonium  salts  in  a  large 
number  of  representative  cases,  it  becomes  possible  to  summarise  the 
conclusions  which  may  be  drawn  from  these  researches." 

1.  The  mono-substituted  meta-diamines  and  the  di-substituted  meta- 
diamines  containing  one  free  para-position  with  respect  to  an  amino- 
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group  interact  readily  with  diazonium  salts  to  furnish  para-aminoazo- 
colouring  matters*  (Trans.,  1900,  77,  1205;  1902,  81,  89)  and  this 
reaction  takea  place  with  equal  readiness  both  with  the  primary  meta- 
diamines  of  this  type  and  with  their  completely  alkyhited  derivatives 
(Trans.,  1902,  81,  656). 

2.  The  di-para-substituted  primary  meta-diamines 

NHo 

Y 

interact  with  diazonium  salts  to  form  ortho-aminoazo-derivatives,  but 
the  reaction  takes  place  much  less  readily  than  with  those  diamines 
having  one  free  para-position  and  the  yield  of  azo-product  is  frequently 
very  small  (Trans.,  1902,  81,  88,  1379  ;  1905,  87,  935). 

3.  The  nature  of  the  substituents  X  and  Y  exerts  some  influence  on 
the  course  of  the  azo  condensation,  for  when  they  are  methyl  groups 
the  base  (4  : 6-diamino-??i-xylene)  reacts  with  diazotised  aniline  and  its 
homologues,  but  when  both  substituents  are  halogen  atoms  (chlorine^ 
bromine,  or  iodine)  the  condensation  does  not  occur  with  these  simple 
diazonium  salts,  but  only  with  those  derived  from  the  nitroanilines. 
When  only  one  methyl  group  is  replaced  by  chlorine  or  bromine,  re- 
action with  diazotised  aniline  and  j9-toluidine  still  occurs,  but  the 
yield  of  o-aminoazo-derivative  is  extremely  small  (Trans.,  1902,  81, 
1379;  1905,87,  937). 

4.  The  presence  of  a  nitro-group  in  one  of  the  two  substituted  para- 
positions  facilitates  the  azo-condensation,  particularly  when  the  diazon- 
ium salt  also  contains  a  substituent  nitro-group  (Trans.,  1905,  87,  940). 

5.  The  progressive  alkylation  of  the  di-para-substituted  meta- 
diamines  rapidly  reduces  their  capacity  for  forming  azo-derivatives. 
The  symmetrically  and  unsymmetrically  dimethylated  diamines  give 
mixtures  of  diazoamines  and  aminoazo-compounds  (Trans.,  1905,  87, 
946  ;  1906,  89,  1057,  and  this  paper,  p.  368),  whilst  the  trimethylated 
diamines  readily  furnish  diazo-amines  and  show  scarcely  any  tendency 
to  form  azo-derivatives  (p.  369).  Finally,  the  interaction  of  the  di- 
para-substituted  m-diamines  and  diazonium  salts  is  entirely  prevented 
by  the  complete  alkylation  of  these  bases  (Trans.,  1902,  81,  656). 

The  authors  desire  to  express  their  thanks  to  the  Government 
Grant  Committee  of  the  Royal  Society  for  a  grant  which  has  partly 
defrayed  the  expenses  of  this  investigation. 

PiOYAL  College  of  Science,  London, 
SouT^  Kensington,  S.W. 

*  Occasionally  a  small  proportion  of  an  ortlio-aniinoazo-ilurivative  may  aji^iear  as 
a  by-product  (Nocltuig  and  Tln-sinar,  Bcr.,  1902,  35;  64(J). 
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XL. — Experiments  on  the  Synthesis  of  the  Terpenes. 
Fart  I.  [continned).  Direct  Synthesis  of  Terpin 
from  Ethyl  {iyiAoHexanone-A-carhoxylate. 

By  Francis  William  Kay  and  William  Henry  Perkin,  jun. 

In  Part  I  of  these  researches  (Trans.,  1904,  85,  658)  it  was  shown 
that  ethyl  4-cyc^ohexanone-l-carboxylate  may  be  converted  into  terpin 
by  the  following  steps  : 

^'^^Ch''ch'^^^'^'^2*^^     ~"^     OH-CMe<^^2;^^2>cH-C02H 

Ethyl  c2/c^liexaiione-4-carboxylate.  1  :  l-Methylci/c^ohexanol-4-carboxylicacid. 

CMeBr<^Jj2'CH2>cH-CO,H       -^      CMe<^JJ"rQH->CH-C02H 

l-Bromo-l-inethylc!/cZohexane-  1- Methyl- A'-n/cZohexcne- 

4-carboxylic  acid.  d-carboxylic  acid. 

Terpiueol. 

OH-CMe<^^-^'.^g2>CH-CMe2-OH 

Teipin. 

The  first  step  in  this  synthesis  consists  in  treating  ethyl  cyclo-. 
hexanone-4-carboxylate  with  magnesium  methyl  iodide,  and  it  was 
noticed  that,  after  the  product  of  the  reaction  had  been  decomposed  by 
hydrochloric  acid  in  the  usual  manner  and  the  ethereal  solution 
separated  and  evaporated,  the  weight  of  oil  obtained  was  always 
considerably  less  than  should  theoretically  have  been  produced. 

In  order  to  ascertain  the  reason  of  this  discrepancy,  a  further  series 
of  experiments  was  instituted,  and  it  was  then  discovered  that  the  loss 
was  due  to  the  fact  that  a  considerable  amount  of  terpin  remained  in 
the  aqueous  solution  after  the  ethereal  layer  had  been  separated. 
This  direct  formation  of  terpin  from  ethyl  C3/c/ohexanone-4-carboxylate 
is  easily  understood,  and  is  obviously  due  to  the  carbethoxy-group  as 
well  as  to  the  keto-group  of  the  ester  reacting  with  the  excess  of  mag- 
nesium methyl  iodide  always  employed  : 

co<^^;^;^^;^>CH-co.Et    --> 

lMgO-CMe<^g^^;^^^>CH-CMe2-OMgI     --> 

OH-CMe<^g:^;^^^>CH-CMe,-0H. 

This  observation  has  very  much  simplified  the  synthesis  of  terpin, 
since  it  is  now  no  longer  necessary,   in  carrying  out  this  synthesis. 
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to  pass  through  the  several  steps  mentioned  at  the  commencement  of 
this  paper. 

The  experimental  details  are  as  follows. 

Ethyl  c?/c^ohexanone-4-carboxylate  (50  grams)  is  treated  with 
magnesium  methyl  iodide  (containing  12  grams  of  magnesium)  in  the 
usual  manner  (Trans^.,  1904,  85,  660),  and,  after  decomposing  with 
dilute  hydrochloric  acid,  the  ethereal  solution  is  separated  and  the 
aqueous  solution  saturated  with  ammonium  sulphate  and  extracted,  at 
least  twenty  times,  with  lai-ge  quantities  of  ether  on  the  shaking 
machine.  The  ethereal  extract  is  dried  over  calcium  chloride  and 
evaporated,  when  a  viscid,  pale  yellow  syrup  is  obtained  which  gradually 
crystallises. 

The  mass  is  left  in  contact  with  porous  porcelain  until  free  from  oil, 
and  the  residual,  almost  colourless,  terpin  boiled  with  water  and  animal 
charcoal  and  filtei'ed,  when  cis-terpin  gradually  separates  in  glistening 
crystals  melting  at  117°.  After  remaining  exposed  to  the  air  until 
dry,  the  following  results  were  obtained  on  analysis  : 

0-1473  gave  0-3426  CO.3  and  0-1520  H^O.     C  =  63-4;  H  =  ll-5. 
0-1620     „     0-3751  CO2    „    0-1698  HoO.     0  =  632;  H=  11-6. 

Cj^HoQC^HgO  requires  0  =  63-3  ;  H=  11-6  per  cent. 
A  careful  comparison  of  this  synthetical  substance  with  ordinary 
cis-terpin  hydrate  proved  conclusively  that  the  two  specimens  were 
.identical.  The  amount  of  terpin  hydrate  produced  from  50  grams  of 
ethyl  cyc^ohexanone-4-carboxylate  under  the  above  conditions  varied 
iu  different  experiments,  but  it  was  always  considerable  and  in  one 
case  amounted  to  7  grams.  It  is  probable  that  this  yield  would  lie 
largely  increased  if  a  greater  excess  of  magnesium  methyl  iodide  were 
employed  and  the  reaction  allowed  to  proceed  for  several  days. 

The  Schunck  Laboratouy, 
The  Victoria  University  of  Manchester. 


XLI. — The  Rapid  Electroanalytical  Deposition  and 
Separation  of  Metals.  Part  I.  The  Metals  of  the 
Silver  and  Coj^per  Groups  and  Zinc. 

By  Henry  Julius  Salomon  Sand. 

The  fact  that  the  rate  of  electrolytic  metal  deposition  can  be  greatly 
increased  by  rapid  circulation  of  the  electrolyte  has  been  made  use  of 
in  the  employment  of  certain  processes  for  many  years.  It  appears 
that  as  early  as  1886  a  patent  was  taken  out  by  Elmore  for  a  method 
VOL.    XCL  C   C 
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of  depositing  copper  in  which  the  electrolytic  liquid  was  rapidly 
circulated,  and  several  other  processes  based  on  the  same  principle 
have  since  been  introduced.* 

Tne  effect  of  stirring  the  electrolyte  during  the  simultaneous 
liberation  of  two  constituents  was  demonstrated  by  the  author  in 
1901  in  a  paper  on  the  determination  of  concentrations  in  the  layer 
of  liquid  touching  the  electrode.  It  was  shown  in  the  case  of  an  acid 
solution  of  copper  sulphate  that  convection  currents  play  as  great  a 
part  in  the  determination  of  the  ratio  of  the  two  constituents 
liberated  at  the  cathode  as  any  of  the  other  conditions  of  the  experi- 
ment, and  in  one  case  in  which  less  than  40  per  cent,  of  the  current  was 
employed  in  depositing  copper  and  more  than  60  per  cent,  in  generating 
hydrogen,  the  latter  effect  was  suppressed  altogether  by  simply  stirring 
the  electrolyte  without  altering  the  current  {Phil.  Mag.,  1901,  [vi],  1, 
45).  It  thus  follows  that  the  current-intensity  which  may  be  usefully 
employed  in  electrolytic  metal  deposition,  and  with  it  the  duration  of 
an  experiment,  depend  entirely  on  the  degree  of  stirring. 

In  1903,  vigorous  stirring  of  the  electrolyte  for  electroanalytical 
purposes  was  introduced  in  America  almost  simultaneously  by  Gooch 
and  Medway  {Amer.  J.  Sci,  1903,  [iv],  17,  320,  and  18,  56)  and 
Exner  (J.  Amer.  Chem.  b'oc,  1903,  25,  896).  The  former  rapidly 
rotated  the  cathode  consisting  of  a  platinum  crucible,  the  latter,  the 
anode  formed  of  a  wire  spiral.  The  i^esults  were  strikingly  good  in 
spite  of  the  somewhat  primitive  methods  of  stirring  employed,  Exner 
in  particular  succeeded  in  reducing  the  time  for  a  copper  deposition 
to  five  minutes.  Other  forms  of  apparatus  for  rapid  electroanalysis 
have  been  described  by  F.  Moll  wo  Perkin  {Chem.  Xews,  1903,  88, 
102)  and  Smith  and  Kollock  (/.  Amer.  Chem.  Soc,  1905,  27,  1255); 
and  of  those  who  have  published  results  on  rapid  electrodeposition, 
Ambeig  (Zeiisch.  Elektrochem.,  1904,  10,  383),  Fischer  and  Boddaert 
{ibid.,  945),  Smith  and  Kollock  {loc.  cit.),  Davison  (/.  Ainer.  Chem. 
Soc,  1905,  27,  1275),  Flora  {Amer.  J.  Sci.,  1905,  [iv],  20,  268),  R.  0. 
Smith  (/.  Amer.  Chem.  Soc,  1905,  27,  1287),  Price  and  Judge  {Chem. 
News,  1906,  94,  18)  may  be  mentioned. 

All  the  methods  used  hitherto  are,  however,  unsuitable  for  the 
purpose  for  which  from  its  very  nature  electrolysis  with  rapid  stirring 
specially  lends  itself,  namely,  for  the  separation  of  metals  by  graded 
potential. 

Although  this  mode  of  analysis  was  first  suggested  by  Kiliani  in 
1883  {Berg  u.  HUttenmdnnische  Zeitung),  and  more  fully  elaborated 
and  theoretically  justified  by  Freudenberg  working  in  Ostwald's 
laboratory  in  1893  {Zeitsch.  physikal.  Chem.,  1893,  12,  97),  yet  so  far  as 

*  For  au  account  of  methods  of.  this  kind,  see  Sherard  Co\vper-Coles,  Trans. 
Faraday  Sec,  1905,  1,  21S. 
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I  am  aware  it  has  not  become  known  to  analysts  to  any  appreciable 
extent.  As  carried  out  by  Freudenberg,  the  method  oF  separating 
one  metal  from  another  consisted  in  regulating  the  voltage  between 
the  electrodes  so  that  it  should  always  remain  below  the  value  at 
which  the  second  metal  begins  to  deposit.  The  maximum  electro- 
motive force  which  thus  becomes  available  at  any  time  for  impelling 
the  current  through  the  electrolyte  is  equal  to  the  difference  between 
the  deposition  potentials  of  the  two  metals  in  question,  and  generally 
amounts  to  a  fraction  of  a  volt.  In  order  that  fairly  considerable 
currents  such  as  must  be  employed  for  rapid  electroanalysis  may  be 
used,  it  becomes  a  matter  of  paramount  importance  that  the  electrodes 
should  be  arranged  so  that  the  resistance  offered  by  the  liquid  between 
them  is  as  small  as  possible.  In  Exner's  experiments  the  pressures 
between  the  electrodes  attain  to  19  volts,  so  that  his  apparatus  is 
useless  for  the  purpose  in  question,  and  the  same  must  be  said  of  the 
other  methods  hitherto  described. 

Freudenberg's  separations  depend  on  the  assumption  that  the 
polarisation  of  the  anode  has  a  constant  value,  and  this  restricts  them 
considerably.  A  much  wider  range  will  accrue  to  any  method  which 
allows  the  potential  of  the  cathode  alone  to  be  conveniently  measured 
by  means  of  an  auxiliary  electrode.  Such  a  method  will  also  become 
practically  independent  of  the  resistance  of  the  liquid,  and  will  allow 
separations  based  on  a  very  small  difference  of  potential  to  be  carried 
out. 

Having  had  the  opportunity  of  designing  a  set  of  electrodes  for 
analysis,  I  therefore  turned  my  attention  especially  to  the  following 
points  of  importance. 

(1)  Maximum  stirring  efficiency,  which  must  be  fairly  independent 
of  the  quantity  of  liquid  employed,  so  that  it  may  be  unnecessai'y  to 
evaporate  the  latter  after  each  washing. 

(2)  Yery  small  resistance  of  the  liquid,  to  be  attained  by  bringing 
the  electrodes  as  close  together  as  possible. 

(3)  The  possibility  of  conveniently  using  an  auxiliary  electrode  to 
measure  the  potential  of  one  of  the  electrodes. 

(4)  The  possibility  of  washing  the  electrodes  with  a  minimum 
amount  of  water. 

Apjmratus* — Figs,  la,  16,  and  \c  illustrate  the  apparatus  designed 
to  meet  these  requirements.  It  consists  of  a  pair  of  platinum  gauze 
electrodes,  an  inner  rotating  electrode,  Ic,  and  an  outer  electi-ode,  la, 
which  surrounds  it  on  all  sides  except  the  bottom.  The  two  are  kept 
in  position  relatively  to  each  other  by  means  of  the  glass  tube  \b, 
which  is  slipped  through  the  collar  A  and  the  ring  B  of  the  outer 
electrode.  It  is  gripped  firmly  by  the  former,  but  passes  loosely 
*  The  platiuum  ajipaiatus  was  made  by  Messrs.  Johnson  and  Alatthey. 

c  c  2 
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through  the  latter.  The  hollow  platiinim-iridium  stem  A  of  the  inner 
electrode  is  passed  through  the  glass  tube,  in  wliich  it  rotates  fieely. 
The  inner  electrode  is  designed  to  produce  a  maximum  amount  of 
rotation  of  the  liquid,  and  for  this  purpose  has  a  vertical  partition,  F. 
It  is  open  at  the  bottom  and  as  open  at  the  top  as  the  requirement  of 
rigidity  in  the  construction  of  the  frame  will  allow.  The  me.sh  of  the 
gauze  is  14^  per  sq.  cm.  The  gauze  of  the  outer  electrode  almost  com- 
pletely  stops   the   rotation  of    the    liquid.     While   the  electrolyte  is 

Fig.  la.  Fig.  lb.         Fig.  Ic. 


Fk;.  la. — Outer  electrode.     Fig.  lb. — Glass  tube.     Fig.   Ic. — Inner  electrode  with 
part  of  gauze  removed. 


therefore  ejected  rapidly  from  the  centre  of  the  inner  electrode  by 
centrifugal  force,  it  is  continually  replaced  by  liquid  drawn  in  from 
the  top  and  the  bottom.  So  great  is  the  suction  thus  produced  that 
when  the  electrode  is  moving  rapidly,  chips  of  wood  or  paper  placed  on 
the  surface  are  drawn  down  to  the  top  of  the  outer  electrode.  The 
circulation  is  practically  independent  of  the  size  of  the  beaker 
employed.  As  the  outer  electrode  surrounds  the  inner  completely, 
the  lines  of  flow  of  the  current  are  contained  between  the  two,  and  even 
when  strong  currents  are  employed  the  potential  of  the  electrolyte  any- 
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where  outside  the  outer  electrode  is  practically  the  same  as  that  of  the 
layer  of  liquid  in  immediate  contact  with  it.  This  is  a  matter 
of  great  importance  when  an  auxiliary  electrode  is  employed, 
as  it  enables  the  potential  difference  electrode-electrolyte  to  be 
measured  at  any  point  in  the  liquid  outside  the  outer  electrode.  The 
space  between  the  surfaces  of  the  two  electrodes  is  about  3  mm.  The 
weight  of  the  outer  electrode   is  about  40  grams,  that  of  the   inner 


Fig.  2. — Inner  electrode  with  glass 
frame.  A,  copper  wire  held  in  ])osi- 
tiou  in  glass  stem  by  slightly  binut 
rubber  tube,  B.  C,  mercury.  I),  piece 
of  gauze  fused  through  the  glass, 
and,  E,  wire  forming  connexion  be- 
tween C  and  outer  gauze.  G,  parti- 
tion cut  from  microscope  slide  hekl 
in  position  by  wire  F. 


Fig.  3. — Inner  electrode,  No.  2.  Stem 
and  mercury  as  in  Fig.  2.  A,  bulb 
to  spread  out  gas  bubbles.  B,  gauze 
fused  into  glass  to  make  connexion. 
C,  wire  forming  metal  surface  of 
electrode.     D,  D,  vanes  for  stirring. 


electrode  about  28  grams.  Fig.  4  shows  the  stand.  It  will  be  seen 
that  the  beaker  containing  the  electrolyte  is  always  placed  on  a  tripod 
support. 

The  outer  electrode  is  gripped  by  a  V-clamp,  the  cork  from  the  tiat 
side  of  which  has  been  removed  and  replaced  by  platinum  foil  so  as  to 
obtain  metallic  contact.  The  inner  electrode  is  held  by  a  small  chuck 
which  is  flexibly  attached  to  the  pulley  from  which  the  motion  is 
derived.     The  figure  will  fully  explain  this,  as  well  as  the  mode  of 
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electrical  connexion  by  means  of  the  mercury  contained  in  the  glass 
and  rubber  tubes  C  and  F.  There  is  thus  practically  no  resistance  in 
the  rotating  contact,  and  no  chance  of  its  being  affected  by  the  air  of  a 
chemical  laboratory,  a  matter  especially  important  when  the  potential 
difference  of  the  two  electrodes  is  measured  for  the  purpose  of  separa- 
tions.    All  movable  connexions  are  made  on  the  base  of  the  stand  un 


Fig.  4. — A,  Clamp  to  grip  outer  electrode.  B,  Chuck  to  grip  inner  electrode. 
C,  Glass  tube  rotating  in  glass  tube  D.  E,  Oil  trap  on  G.  F,  Thick  riibber 
tube.  G,  Amalgamated  copper  wire  dipping  into  mercury  contained  in  C 
and  F.     H,  Cord  made  of  violin  string.     /,  Pulley  made  of  rubber  tube. 


two  sets  of  double  terminals  which  are  permanently  joined  to  the 
holders  of  the  electrodes  by  heavy  flexible  wire.  Those  parts  of  the 
stand  which  are  exposed  to  the  vapours  from  the  electrolyte  are 
painted  with  several  coatings  of  a  solution  of  celluloid  in  amyl  acetate. 
In  order  to  reduce  the  amount  of  platinum  required  for  the  apparatus, 
attempts  were  made  to  construct  the  frame  of  the  inner  electrode  of 
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glass  and  at  the  same  time  to  retain  its  essential  features.  Fig.  2  shows 
the  result  of  these  attempts.  The  electrode  there  depicted  was  in 
continual  use  for  a  month,  after  which  the  stem  broke.  The  weight 
of  platinum  was  less  than  5  grams. 

To  avoid  the  use  of  platinum,  it  might  perhaps  be  possible  to  make 
the  outer  electrode  of  silver  when  it  is  used  as  the  cathode.  It  is 
probable  that  the  metals  deposited  on  it  might  be  removed  after 
electrolysis  by  the  method  of  graded  potential,  although  experiments 
in  this  direction  have  not  yet  been  made. 

As  is  explained  later  (p.  392),  the  electrodes    Ic  and  2    ai-e    not 
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suitable  for  solutions  containing  metals  which  very  readily  pass  from 
one  stage  of  oxidation  to  another,  such  as  copper  in  ammoniacal  liquids, 
iron,  tin,  &c.  In  this  case,  an  anode  with  a  smaller  oxidation  and 
stirring  efficiency  is  necessary.  The  former  is  obtained  by  making 
the  surface  of  the  electrode  much  smaller.  Fig.  3  shows  the  electrode 
which  was  designed  for  this  purpose.  It  is  made  almost  entirely  of 
glass,  the  total  weight  of  platinum  being  \h  grams. 

The  Auxiliary  Electrode. — The  auxiliary  electrode  always  used  for 
the  present  investigation  was  a  mercury-mercurous  sulphate-2iV 
sulphuric  acid  electrode.  As  an  auxiliary  electrode  has  hitherto  not 
been  employed  in  analysis,  a  special  form  (Fig.  5)  suitable  for  this 
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purpose  was  designer!.  The  distinctive  feature  of  this  electrode  lies  in 
the  funnel  i^  and  connecting  glass  tube  A  B.  It  will  he  seen  that  the 
two-way  tap  T  will  allow  the  funnel  F  to  be  connected  with  either 
half  of  the  glass  tube  A  B,  or  will  close  all  parts  from  each  other. 
The  half  A  permanently  contains  the  2i\^-sulphuric  acid  solution  of  the 
electrode.  The  half  B,  on  the  other  hand,  is  filled  for  each  experi- 
ment from  the  funnel  F  with  a  suitable  connecting  liquid,  generally 
sodium  sulphate  solution.  The  end  of  B  is  made  of  thin  tube  of  about 
1 1  mm.  bore,  and  is  bent  round  several  times  to  minimise  convection, 
as  will  be  seen  from  the  hgure.  While  the  electrode  is  in  use,  the  tap, 
which  must  be  kept  free  from  grease,  is  kejjt  closed,  the  film  of  liquid 
held  round  the  barrel  by  capillary  attraction  making  the  electrical 
connexion,  but  towards  the  end  of  a  determination  a  few  drops  are 
run  out  in  order  to  expel  any  salt  which  may  have  diffused  into  the 
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Fig.  6, 


Eiedfometer  AiuulLo/ru 
e£ec£rode 

Fig.  7. 


tube.  The  normal  electrode  is  held  in  a  separate  stand  so  that  it 
may  easily  be  brought  to  or  removed  from  the  solution  undergoing 
electrolysis. 

Electrical  Connexions. — For  separations  by  graded  potential  the 
electrical  connexions  must  be  made  as  shown  in  Fig.  6.  The  battery 
is  connected  directly  to  the  two  ends  of  a  sliding  rheostat,  the 
electrolytic  cell  to  one  of  them  and  the  slider.  It  is  manifestly 
essential  that  the  sliding  contact  should  be  very  good.  A  rheostat 
by  Ruhstrat  of  Gottingen,  with  a  carrying  capacity  of  15  amperes  and 
a  resistance  of  2-6  ohms,  proved  very  satisfactory.  It  was  protected 
from  the  atmosphere  of  the  laboratory  by  a  coating  of  vaselin. 

The  arrangement  (Fig.  7)  adopted  for  the  measurement  of  the 
potential  difference  auxiliary  electrode-cathode  is  the  one  most 
usually  employed   at  the  present  time   in    electrochemical  research. 
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The  electromotive  force  to  be  measured  is  balanced  against  a  known 
electromotive  force  by  means  of  a  capillary  electrometer.  The 
known  electromotive  force  is  drawn  from  a  sliding  rheostat,  the  ends 
of  which  are  connected  with  one  or  two  dry  cells.  The  value  of  the 
E.M.F.  is  read  directly  on  a  delicate  voltmeter  (range,  1'5  volts). 
For  potential  differences  greater  than  1'5  volts  a  Helmholtz  1  volt 
cell  was  interposed  between  the  auxiliary  electrode  and  the  rheostat. 
The  arrangement  allows  the  voltage  to  be  measured  almost  instan- 
taneously, a  matter  of  great  importance  in  the  present  case.  Owing 
to  the  very  considerable  advances  that  have  been  made  in  recent  years 
in  the  construction  of  quadrant  electrometers  and  their  adjuncts,  it 
seems  probable  that  an  electrometer  might  be  permanently  fitted  up 
in  such  a  manner  as  to  be  used  as  a  direct-reading  electrostatic  volt- 
meter (range  required,  1  volt ;  sensitiveness,  1  centivolt).  If  this 
were  the  case  it  would  become  as  simple  a  matter  to  read  the  potential 
difference  between  the  cathode  and  the  electrolyte  as  that  between  the 
cathode  and  the  anode. 

Method  of  Carrying  out  an  Experiment. — Where  not  specially  stated 
to  the  contrary,  the  metal  was  always  deposited  on  the  outer  electrode. 
To  carry  out  an  experiment  the  cathode,  anode,  and  auxiliary  electrode 
are  placed  in  position,  the  electrolyte  is  heated  to  the  required 
temperature  and  covered  with  a  set  of  clock  glasses  having  suitable 
openings  for  the  electrodes.  For  the  purpose  of  a  separation  the 
current  is  usually  started  at  about  3 — 4  amperes  and  the  potential  of 
the  auxiliary  electrode  noted.  As  a  rule,  this  is  only  slightly  above  * 
the  equilibrium  potential.  The  current  is  then  regulated  so  that  the 
potential  of  the  electrode  may  remain  constant.  When  no  by-reactions 
take  place  the  current  falls  to  a  small  residual  value  (generally  about 
0*2  ampere),  as  the  metal  to  be  separated  disappears  from  the  solution. 
The  auxiliai'y  electi'ode  is  then  allowed  to  rise  0"1  to  0"2  volt,  according 
to  the  metal. 

It  is  obviously  a  matter  of  great  importance  to  know  when  all  the 

*  In  the  present  paper  the  author  proposes  to  adliere  to  the  following  nomen- 
clature. The  potential  of  an  electrode  or  of  an  auxiliary  electrode  is  said  to  be 
higher  in  one  case  than  in  another  when  it  opposes  the  .passage  of  the  current  to  a 
greater  extent  in  the  first  than  in  the  second  case,  and  this  irrespective  of  any 
consideration  whether  the  actual  value  becomes  greater  or  smaller  as  a  result  of  the 
arbitrary  nature  of  the  conceptions  positive  and  negative  electricity.  "When,  how- 
ever, numerical  values  are  stated  these  are  always  given  with  their  correct  sign,  and 
the  following  abbreviations  have  been  employed.  The  potential  of  the  cathode  (or 
anode)  is  the  difference  of  potential  between  it  and  the  auxiliary  (2iV^-sulphuric 
acid)  electrode.  The  potential  of  the  auxiliary  electrode  is  the  diiference  of  potential 
between  it  and  the  electrode  undergoing  measurement.  A  great  deal  of  confusion 
unfortunately  exists  in  contemporary  literature,  especially  with  regard  to  the  sign  of 
potential  differences,  but  the  above  nomenclature  seems  simple  and  rational. 
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metal  has  been  deposited.  Under  the  conditions  just  ashumed  the 
amount  deposited  per  unit  of  time  may  be  taken  as  roughly  pro- 
portional to  the  amount  still  in  solution.*  This  being  so,  it  follows 
that  the  amount  in  solution  will  decrease  in  geometrical  ratio  during 
successive  equal  intervals  of  time.  If  we  therefore  make  the  safe 
assumption  that  the  concentration  of  the  metal  has  fallen  to  under 
1  per  cent,  of  its  original  value  in  the  time  during  which  the  potential 
and  the  current  have  been  brought  to  their  final  value,  it  is  clear  that 
by  continuing  the  experiment  half  as  long  again,  the  concentration  of 
the  metal  will  fall  to  under  01  per  cent.,  so  that  the  deposition  can 
then  be  considered  finished. 

In  cases  where  by-reactions  occur,  the  current  does  not  fall  to  zero, 
but  it  generally  attains  a  constant  value  which  allows  one  to  see  when 
all  the  metal  has  been  removed.  In  certain  cases,  the  absence  of  the 
latter  can  be  I'oughly  tested  for  chemically,  and  by  continuing  the  experi- 
ment for  about  half  as  long  again  as  this  reaction  demands,  the  metal 
may  be  safely  assumed  to  have  been  deposited  completely.  This 
method  may  be  adopted,  for  example,  in  the  separation  of  lead  from 
cadmium,  the  former  being  roughly  tested  for  by  sulphuric  acid.  If 
none  of  these  methods  is  available,  the  metal  must  be  deposited  to 
constant  weight  or  else  the  separation  must  be  carried  out  under  very 
carefully  defined  conditions  for  a  length  of  time  proved  more  than 
suflicient  by  previous  experiment. 

Interrupting  an  Experiment. — A  short  time  before  completing  the 
analysis,  the  inside  of  the  tube  Ig,  the  sides  of  the  beaker,  and  the 
clock  glasses  are  washed  by  the  aid  of  a  wash-bottle  and  a  few  drops 
of  liquid  run  out  of  the  connecting  limb  of  the  auxiliary  electrode. 
To  interrupt  the  experiment,  the  auxiliary  electrode  and  the  clock 
glasses  are  removed,  the  tripod  is  then  taken  from  under  the  beaker 
and  the  latter  lowered  until  the  surface  of  the  liquid  is  just  below  the 
outer  electrode.  During  this  time  the  latter  is  washed.  The  stirrer 
is  now  stopped  before  lowering  the  beaker  any  further.  The  latter  is 
then  replaced  by  a  slightly  larger  one,  the  tripod  put  back,  and  the 
electrode  again  washed.  It  is  then  disconnected,  shaken,  dipped  first 
into  a  jar  containing  alcohol,  shaken,  then  into  another  containing 
ether,  and  then  dried  for  about  half  a  minute  over  a  Bunsen  burner. 
The  collar  A  is  carefully  dried  by  a  silk  cloth  before  weighing.      The 

*  This  is  based  on  the  supposition  that  the  concentration  of  metal  in  the  layer  of 
liquid  touching  the  electrode  is  kept  practically  at  zero  during  the  whole  of  the 
experiment  (see  Brunner,  Zeitsch.  physikal.  Chem.,  190-3,  47,  56).  When  this  is  not 
the  ease,  the  first  stages  of  the  separation  are  somewhat  protracted,  and  if  the 
duration  of  the  whole  experiment  is  made  to  conform  with  them,  it  therefore  be- 
comes a  little  longer  than  absolutely'  necessary,  a  matter  which  is,  of  course,  of  no 
importance  for  the  result. 
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remaining  liquid  is  washed  into  the  lai'ger  beaker  and  is  then  ready 
for  the  deposition  of  the  next  metal. 

When  only  one  metal  is  contained  in  the  solution  undergoing 
analysis,  it  is  simpler  to  stop  the  stirrer,  take  away  the  beaker,  and 
replace  it  by  two  successive  ones  containing  distilled  water.  In  both 
cases  the  current  is  left  on  daring  the  process  of  interruption. 

The  beaker  in  which  the  first  deposition  of  a  separation  is  carried 
out  was  only  slightly  wider  than  the  electrode  and  the  amount  of 
liquid  roughly  85  c.c.  In  the  second  separation  the  amount  was 
usually  130  c.c.  and  so  on. 

The  rate  of  stirring  varied  very  considerably  from  one  experiment 
to  another  without  greatly  affecting  the  result.  It  may  be  taken 
as  having  been  between  the  limits  of  300  and  600  revolutions  per 
minute. 

Conditions  for  Obtaining  Adherent  Metal  Deposits. 

In  electroanalytical  experiments  the  question  of  obtaining  firmly 
adherent  deposits  continually  presents  itself.  This  matter  has  been 
treated  in  several  recent  American  papers  (Bancroft,  J.  Physical 
Chem.,  1905,  9,  277  ;  Snowdon,  Trans.  Amer.  Electrochem.  Soc,  1905, 
7,  143;  Betts,  Trans.  Amer.  Electrochem.  Soc,  1905,  8,  63),  A 
noteworthy  discussion  on  the  theory  of  the  inclusion  of  metalloids  and 
other  phenomena  occurring  during  metal  deposition  is  also  due  to 
Jordis  {Zeitsch.  Elektrochem.,  1905,  11,  787). 

1.  Uniform  Distribution  of  the  Deposit  over  the  Electrode. — This  is  a 
matter  which,  apart  from  the  shape  of  the  electrode,  depends  solely  on 
the  relation  between  polarisation  (in  its  broadest  sense)  and  the 
electi'omotive  force  required  according  to  Ohm's  law  to  drive  the 
current  from  one  part  of  the  liquid  to  another.  It  has  been  discussed 
by  the  author  in  some  detail  {Zeitsch.  Elektrochem.,  1904,  10,  452).  The 
case  of  metals,  such  as  cadmium  and  zinc,  requiring  a  higher  potential 
for  their  precipitation  from  the  majority  of  their  solutions  than 
hydrogen  should  also  be  discussed  here.  These  metals  can  only  be 
deposited  in  virtue  of  the  supertension,  required  to  liberate  the 
hydrogen  as  a  gas.  This  supertension  varies  according  to  the  material 
of  the  electrode,  and  even  according  to  the  state  of  its  surface  in 
various  parts.  It  may  therefore  happen  that  the  metal  is  deposited 
on  a  part  of  the  electrode  with  a  high  supertension  and  continue  to 
grow  there,  whilst  at  rougher  parts  of  the  electrode  only  hydrogen  is 
evolved.  Some  solutions  appear  to  be  more  sensitive  to  these  varia- 
tions in  the  quality  of  the  electrode  than  others.  Thus,  in  the  case  of 
zinc,  a  beautiful  uniform  deposit  was  once  obtained  from  a  boiling 
ammoniacal  solution,  but  on  repeating  the  experiment  the  precipitate 
obtained  was  patchy  and  useless. 
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2.  The  Actual  Nature  of  the  Dej)Osits. — These  may  be  classified  as 
spongy,  coarsely  crystalline,  and  finely  crystalline.  Only  the  last- 
named  are  in  general  suitable  for  the  purposes  of  the  analyst. 

Spongy  deposits  are  probably  in  most  cases  due  to  the  fact  that  the 
metal  has  been  primarily  produced  in  the  form  of  an  unstable 
compound,  generally  a  hydride  which  has  subsequently  decomposed 
with  the  evolution  of  gas.  A  typical  instance  of  this  is  afforded 
by  bismuth.  Depositions  of  this  metal  in  an  adherent  form  by  slow 
methods  have  been  described  by  Wimmenauer  {Zeitsch.  anorg.  Chem., 
1901,27,  3);  Brunck  {Ber.,  1902,  35,  1871);  Kammerer  {J.  Amer. 
Chem.  Soc,  1903,  25,  83).  The  real  condition  necessary  for  the 
production  of  a  dense  deposit  was,  however,  understood  by  none  of 
these  experimenters.  Consequently  they  give  details  of  current 
strength,  voltage,  &c.,  which  in  their  turn  depend  to  a  very  great 
extent  on  the  apparatus  employed  and  on  the  amount  of  convection 
which  may  take  place  during  the  determination.  It  thus  happened 
that  Fischer  and  Boddaert  {loc.  cit.),  working  in  the  Aachen  laboratory, 
failed  to  repeat  their  experiments.  As  will  be  seen  from  the  present 
paper,  bismuth  can  be  obtained  in  an  adherent  form  from  nearly  any 
solution,  if  only  the  potential  of  the  cathode  is  kept  low  enough  to 
prevent  the  formation  of  a  hydride.  If  the  potential  of  the  electrode 
is  not  kept  under  control,  the  general  conditions  which  keep  it  low 
and  thus  cause  the  production  of  a  dense  deposit  are  vigorous  circula- 
tion of  the  electrolyte,  small  current  density,  and  the  presence  of  an 
oxidiser  (nitric  acid),  and  these  conditions  have  been  empirically 
employed  to  a  greater  or  smaller  extent  by  those  investigators  who 
have  hitherto  been  successful  in  the  deposition  of  bismuth.  Copper 
behaves  in  a  manner  similar  to  bismuth,  although  in  its  case  the 
phenomena  are  much  less  marked. 

In  certain  cases,  the  precipitation  of  a  metal  hydroxide  due  to 
hydrolysis  in  consequence  of  the  impoverishment  of  the  solution  in 
the  layer  of  liquid  adjacent  to  the  electrode  may  also  give  the  deposit 
a  spongy  appearance  (see  Bancroft,  loc.  cit.). 

All  the  conditions  discussed  later,  which  may  be  considered  to 
hasten  the  transformation  of  an  unstable  into  a  stable  form,  are  also 
found  to  militate  against  the  formation  of  spongy  deposits. 

The  majority  of  electrolytic  metal  deposits  are  crystalline  in 
structure,  and  may  be  either  coarse-  or  fine-grained.  The  former  are 
apt  to  lead  to  the  formation  of  trees,  from  causes  which  must  be 
classified  under  (1),  and  are  usually  loose  ;  the  latter  are  the  deposits 
which  are  most  desirable  from  the  plater's  point  of  view. 

In  considering  the  question  of  the  fine-grainedness  of  a  metal 
deposit,  Bancroft  {loc.  cit.)  has  adopted  a  view  originally  put  forward 
by    Pfanhauser    (Galvanoplastik,    p.    73),    that    the   crystallisation    of 
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electrolytic  metal  coatings  is  analogous  to  the  crystallisation  of  salts 
from  solution,  and  in  the  elaboration  of  this  view  he  comes  to  the 
conclusion  that  a  high  current  density  and  potential  difference,  a  low- 
temperature  and  the  presence  of  colloids  favour  a  fine-grained  deposit. 
Some  of  these  views  have  been  experimentally  verified  by  Snowdon. 

With  regard  to  these  views  the  author  of  the  present  paper  wishes  to 
make  the  following  additional  remarks.  The  production  of  crystals  is 
in  almost  all  cases  bound  up  with  the  intermediate  formation  of  a  meta- 
stable  state.  Thus  crystallisation  from  a  solution  is  probably  always 
connected  either  with  local  supersaturation  or  with  the  intermediate 
production  of  an  under-cooled  liquid.  In  a  similar  way,  it  seems  very 
probable  that  metal  deposits  are  produced  electrolyticaliy  in  the  first 
instance  in  a  metastable  state,  and  that  it  depends  on  the  ease  and 
rapidity  with  which  this  state  is  destroyed  whether  a  fine-  or  a  coarse- 
grained deposit  is  to  be  the  ultimate  result.  This  view  comprises  that 
recently  put  forward  by  E.  Miiller  and  Bahntje  (Zeitsch.  Ulektrochem., 
1906,  12,  317),  that  metals  are  deposited  in  the  first  instance  in  a 
colloidal  state.  The  general  conditions  that  would,  on  the  author's 
view,  favour  a  dense  deposit  are  therefore  the  same  as  those  put 
forward  by  Bancroft.  Of  these,  experience  shows  that  a  high 
potential  of  the  electrode  is  by  far  the  most  important.  The  reasons 
of  analogy  advanced  by  Bancroft  for  the  favourable  effect  of  a  low 
temperature  on  the  density  of  the  deposit,  however,  appear  to  be 
inapplicable  and  not  to  be  borne  out  by  experience. 

When  colloids  are  pi-esent  in  the  solution,  these  are  often  deposited 
with  the  metal  (see  Miiller  and  Bahntje,  loc.  cit.)  and  effectually 
hinder  crystallisation.  The  metal  may  thus  be  precipitated  in  a 
beautifully  burnished  condition.  In  the  present  investigation,  copper 
was  in  one  experiment  obtained  in  a  beautifully  burnished  state 
of  the  appearance  of  bi^onze  by  the  electrolysis  of  a  cold  solution 
containing  a  large  amount  of  ammonium  acetate,  the  weight  being 
about  2  per  cent,  too  high.  The  explanation  is  probably  to  be  sought 
in  the  presence  of  colloidal  substances,  either  owing  to  accident  or  to 
the  action  of  the  current  on  the  acetate. 


Experimental. 

Silver. — The  precipitation  of  .'•ilver  for  analysis  was  studied  in  nitric 
acid,  acetic  acid,  ammoniacal  and  potassium  cyanide  solutions.  One 
of  the  difficulties  encountered  in  nitric  acid  solutions  consists  in  the 
formation  of  silver  peroxide  on  the  anode.  Owing  to  the  instability  of 
this  compound  at  higher  temperatures,  it  is,  therefore,  possible  to 
avoid  its  production  by  maintaining  the  solution  at  boiling  tempera- 
ture.    The  silver  is  then  obtained  as  a  uniform  and  coarsely  crystal- 
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line,  white  deposit.  It  is,  however,  somewhat  loose,  and  in  conse- 
quence the  results  are  not  trustworthy  when  large  quantities  have  to 
be  precipitated. ,  In  separations  of  traces  of  silver  from  other  metals 
the  method  could  probably  be  employed  with  advantage.  Several 
determinations  wex'e  cari-ied  out  in  which  more  than  half  a  gram  of 
r.ilver  was  deposited  with  an  error  of  about  3  milligrams.  The 
solutions  contained  between  1  and  2  c.c.  of  strong  nitric  acid  per 
85  c.c,  and  a  current  strength  starting  at  3  amperes  and  falling  to 
0"2  ampei'e  was  employed  in  such  a  manner  that  the  auxiliary  electrode 
showed  a  potential  below  0  10  volt. 

For  the  purpose  of  separations  from  other  metals  the  method  may 
in  certain  cases  be  improved  by  coating  the  cathode  with  mercury  and 
thus  obtaining  the  sil/er  as  an  amalgam.  This  amalgam  is  adherent 
only  when  in  a  semi-liquid  state,  and  in  consequence  it  is  necessary 
to  employ  at  least  ten  times  as  much  mercury  as  silver.  The  experi- 
ments were  carried  out  with  the  potential  of  the  cathode  regulated  to 
a  minimum  as  if  a  separation  from  other  metals  were  being  effected. 
For  reasons  explained  later  (p.  389),  it  is  therefore  essential  to  keep 
the  solution  at  the  boiling  point.  Tartaric  acid  was  added,  as  this 
reagent  is  required  in  some  of  the  separations.  The  method  of  drying 
the  electrode  was  the  same  as  that  used  for  mercury  (see  later).  The 
following  result  was  obtained  under  these  conditions. 

Experiment.— ~Th.Q  electrode  was  coated  with  about  1'5  grams  of- 
mercury.  The  solution  contained  0"2332  gram  of  mercury  as  nitrate, 
18  grams  of  tartaric  acid,  and  1  c.c.  of  concentrated  nitric  acid  per 
85  c.c.  During  electrolysis  it  was  observed  to  become  turbid  and 
finally  clear. 

Volts,  Time  in 

Ag  taken.       Ag  found.         Anip.s.  auxiliary.  Temp.       minutes. 

0-1078  0-1072  7—0-2  0—0-15  boiling  7 

As  silver  is  deposited  from  acetic  acid  solutions  containing  a  large 
amount  of  acetates  at  a  higher  potential  than  from  nitrate  solutions 
(in  consequence  of  the  small  number  of  Ag  ions  present),  it  was  to  be 
expected  according  to  the  general  considerations  advanced  above  that 
a  more  finely  crystalline,  and  therefore  firmer,  precipitate  would  be 
obtained.  This  proved  to  be  the  case,  the  silver  deposit  remaining 
unaltered  by  tapping,  and  almost  so  by  scraping  with  a  horn  spatula. 
In  consequence,  the  results  obtained  were  suiEciently  good  to  make 
the  method  suitable  for  analysis.  The  following  experiments  were 
carried  out. 

Experimeiits. — In  Nos.  1,  2,  3,  and  5,  silver  was  deposited  on  the 
electrode,  weighed,  and  dissolved  in  a  solution  of  5  c.c.  of  concentrated 
nitric  acid ;  25  grams  of  ammonium  acetate  were  then  added  and  the 
solution    was    heated  to   boiliiig,   the  burner  being    removed    during 


DEPOSITION    AND   SEPARATION   OF    METALS.      PART   I.        387 

deposition.  In  experiment  4  the  electrolyte  contained  a  known 
quantity  of  silver  nitrate  solution  analysed  according  to  the  ammonia 
method  (see  later),  to  which  5  c.c.  of  concentrated  nitric  acid  and 
20  srrams  of  ammonium  acetate  were  added 


Volts 

between  anode 

Time  iu 

No. 

Agtakeu. 

Ag  found. 

Amps. 

and  cathode. 

Temp. 

minutes. 

1. 

0-5373 

0-5365 

3-5—0-2 

1    —1-3 

boiling 

8 

2. 

0-5363 

0-5361 

3-5—0-2 

1    —1-3 

J  J 

8 

3. 

0-5361 

0-5358 

4    —0-2 

1    —1-3 

,, 

7 

4. 

0-5389 

0-5397 

3    —0-2 

1     —1-2 

,, 

G 

5. 

0-5397 

0-5399 

5    —0-2 

1-1-1-2 

,, 

6 

As  silver  is  deposited  from  ammoniacal  solutions  at  a  higher 
potential  than  from  acetate  solutions,  it  was  expected  that  a  still 
firmer  deposit  would  be  obtained,  and  this  proved  to  be  the  case. 
The  deposits  were  unattacked  by  both  tapping  and  scraping.  The 
solutions  were  kept  boiling  vigorously  during  deposition.  As  there  are 
practically  no  sources  of  error  apparent  in  this  method,  the  results 
obtained  by  it  are  probably  always  exceedingly  trustworthy.  The  fol- 
lowing experiments  were  carried  out. 

Experiments  1,  2,  3. — The  silver  was  deposited  on  the  cathode, 
weighed,  and  dissolved  in  acid  containing  10  c.c.  of  concentrated  nitric 
acid.  Fifteen  c.c.  of  concentrated  ammonium  hydroxide  were  then 
added : 


*^o. 

Ag  taken. 

Ag  found. 

Amps. 

Volts 

between  anode 

and  cathode. 

Temp. 

Time  in 
minutes. 

1. 

2. 
3. 

0-5371 
0-5371 
0-5354 

0-5371 
0-5373 
0-5352 

3—0-2 
5—0-2 
4—0-2 

1—1-3 
1—1-3 
1-1-3 

boiling 
)> 
J) 

8 
7 
7 

Silver  is  precipitated  from  alkaline  cyanide  solutions  at  a  much 
higher  potential  than  from  the  foregoing,  and  accordingly  leaves  nothing 
to  be  desired  as  regards  density  of  the  deposit.  Nevertheless,  there 
are  undoubtedly  more  sources  of  error  in  this  method  than  in  the 
others,  as  alkaline  solutions  containing  organic  substances  appear  to 
cause  difiiculties  due  to  the  decomposition  products  formed  at  the  anode 
{see  p.  401).  Exner  [loc.  cit.)  obtained  correct  results  for  silver  from 
cyanide  solutions,  but  Fischer  and  Boddaert  iloc.  cit.)  consistently 
obtained  numbers  about  0*5  milligram  low.  The  following  are  the 
results  obtained  in  the  present  investigation. 

Exj^eriments. — In  No.  1  metallic  silver  was  deposited  on  the  electrode, 
weighed,  and  dissolved  in  an  acid  solution  containing  3  c.c.  of  concen- 
trated nitric  acid  ;  the  latter  was  neutralised  with  ammonia  and  about 
2 •'5  grams  of  potassium  cyanide  were  added,  the  temperature  being 
a  out  90°.  Experiment  2  was  as  1,  but  the  quantities  were  15  c.c.  of 
concentrated  nitric   acid,    neutralised    by  ammonia    and   4    grams  of 
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potassium  cyanide.  In  experiment  3  a  measured  voIuluc  ol  bilver 
solution  was  used  together  with  5  c.c.  of  concentrated  nitric  acid, 
3 J  grams  of  sodium  hydroxide,  and  3  grams  of  potassium  cyanide  : 


Volts  * 

Ag 

A'A 

anode- 

Volts 

Time  in 

No. 

taken. 

found. 

Amps,            cathode. 

auxiliary. 

Tenii). 

iiiinutes. 

1. 

0-5389 

0-5361 

8-5                 3-5 

— 

90° 

6 

2. 

0-5361 

0-5340 

10—9            3-8—3-9 

— 

90 

6 

3. 

0-2694 

0-2699 

3—0-2              — 
*  Rough  values. 

1-15—1-25 

60 

9 

to  pump 


Mercury  and  its  Separation  from  Silver. 

One  of  the  chief  differences  from  the  analyst's  point  of  view  between 
the  electrolytic   determination   of  mercui-y  and  that  of  other  metals 

lies    in    the    manner  of  drying    which 
must  be  adopted^in  consequence  of  the 
volatility  of  this  metal.     The  method 
usually  recommended  con.sists  in  placing 
the    wee  electrode  in    a  vacuum  desic- 
cator.   As  it  was  realised  that  a  great 
part  of  the  advantage  resulting  from 
rapid  deposition    is  lost  if    a   lengthy 
drying    process    is    employed,     several 
experiments  were  carried  out  with  the 
object  of  shortening  this  operation.     A 
current  of  dry  air  was  drawn  over  the 
electrodes;  the  latter,  however,  always 
lost  weight.     Air  .saturated  with  mer- 
cury vapour  was  then  tried  both  hot 
and    cold.       In    the    former    case    the 
electrode  gained  in  weight,  in  the  latter 
it   remained    constant.       Thus    0-6241 
gram  of  mercury  was  deposited  on  the 
cathode,    dried,    weighed,   then  dipped 
into   water,  allowed  to  drain  on   filter 
paper  for  a  few  minutes,  and  dried  for 
an   hour  and   a  half  according  to   the 
above  method.     The  weight  found  was 
0-6242  gram.    The  apparatus  employed 
is  shown  in  the  accompanying  Fig.  8, 
and  will  need  no  further  explanation. 
The  time  varied  in  different  experiments  between  forty  minutes  and 
two  hours.     The  electrode  was  always  dried  until  constant  in  weight. 
It  is  well  known  that  mercury  may  be  deposited  from  nitrate  solu- 
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tions  either  in  loose  drops  unsuited  for  weighing  or  as  a  mirror,  but  so 
far  as  I  am  aware  it  has  never  been  pointed  out  that  the  former 
always  occvar  at  first  during  deposition  while  the  potential  of  the 
cathode  is  low,  and  it  is  only  when  the  potential  rises  and  hydrogen 
is  given  off  that  the  mercury  spreads  out  as  a  mirror. 

From  ammoniacal  and  cyanide  solutions  the  mercury  is  precipitated 
in  exceedingly  fine  drops  which  adhere  to  the  electrode  sufiiciently  for 
their  quantitative  estimation. 

When  nitrate  solutions  ai'e  employed  in  quantitative  separations  by 
graded  potential  from  metals  such  as  copper  and  bismvith,  it  is  mani- 
festly impossible  to  allow  the  potential  of  the  cathode  to  rise  to  the 
value  at  which  a  bright  mirror  is  formed.  In  order  to  obtain  deposits 
sufiiciently  adherent  for  quantitative  puiposes,  it  is  in  this  case 
essential  to  keep  the  solution  boiling  during  deposition.  In  Exner's 
experimetits  the  solution  was  maintained  at  a  tempei-ature  slightly 
below  100°.  Fischer  and  Boddaert,  however,  obtained  too  low  results 
working  according  to  this  method,  and  state  that  it  is  necessary  to 
keep  the  electrolyte  at  the  ordinary  temperature.  Owing  to  the  veiy 
appreciable  volatility  of  mercury  at  high  temperatures,  there  must 
always  be  considerable  risk  of  loss  if  hydrogen  is  generated  rapidly  on 
the  surface  of  the  electrode  in  a  hot  solution.  In  separations  by 
graded  potential  in  which  there  is  no  possibility  of  the  production  of 
hydrogen,  this  objection  to  high  temperatures  obviously  does  not  hold. 
In  all  cases,  great  care  was  taken  to  keep  the  surface  of  the  mercury 
covered  completely  by  the  electrolyte. 

The  amount  of  mercury  which  may  be  precipitated  on  the  gauze 
electrode  is  very  considerable,  2  to  3  grams  having  been  deposited  in  a 
form  sufiiciently  adherent  to  prevent  any  possibility  of  loss  by  vigorous 
shaking.  For  the  purpose  of  weighing,  the  electrode  was  suspended  to 
the  balance  by  a  wire.  An  objection  to  the  use  of  the  gauze  electrode 
should  be  stated  here.  It  is  the  very  considerable  loss  in  weight  wliicli 
the  gauze  undergoes  when  the  mercury  is  removed.  It  amounted,  as 
a  rule,  to  about  3  milligrams.  This  objection  would  be  largely  over- 
come if  it  were  possible  to  obtain  gauze  commercially  made  of  platinum- 
iridium  instead  of  platinum  wire.  The  following  determinations  were 
carried  out : 

Experiments  1  and  2. — A  weighed  quantity  of  mercury  was  dissolved 

in  nitric  acid,  evaporated  to  dryness  on  the  water-bath,  nitric  acid  added 

and  made  up  to  a  known  volume.     Of  this  solution  measured  quantities 

were  taken.     The  amount  of  free  nitric  acid  present  in  the  solution 

amounted  to  about  \h  c.c.  per  85  c.c.  : 

Volts  Time  in 

No.  Hg  taken.       Hg  found.       Amps.     aTiode-cathode,  Temp,     minutes. 

1.  0-.5830             0-5833               9               2-6— 3  •?  warm             5 

2.  0-5830             0-5831               9                     —  ,,5 
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Experiment  3. — Ammonia  method  with  limited  potential  ;  10  c.c.  of 
concentrated  nitric  acid  and  20  c.c.  of  concentrated  ammonium 
hydroxide  were  added  to  the  solution,  which  was  heated  nearly  to 
boiling  during  electrolysis  : 

Volts  Time  in 

Hg  taken.  Hg  found.  Amps.  auxiliary.  minutes. 

0-4665  0-4672  3—0-2  0-40—0-50  6 

Sejmration  from  Silver. — As  mercury  is  deposited  from  most 
solutions  at  almost  the  same  potential  as  silver,  it  seems  hopeless 
to  effect  a  separation  by  graded  potential.  In  the  books  on  electro- 
analysis  it  is  stated  that  the  two  may  be  deposited  together  and  the 
mercury  expelled  by  ignition.  Details  are,  however,  not  given.  As 
a  temperature  above  the  melting  point  of  silver  is  said  to  be  necessary 
for  the  complete  decomposition  of  silver-amalgam  (Gay-Lussac,  see 
Dammer,  Handb,  Anorg.  Chem.,  2,  943),  it  was  thought  undesirable,  to 
endanger  the  electrode  by  experiments  in  this  direction.  The  metals 
were  therefore  deposited  together,  dissolved  in  nitric  acid,  and 
separated  by  the  cyanide  method.  The  pure  silver  cyanide  thus 
obtained  was  dissolved  in  potassium  cyanide  and  analysed  by 
electrolysis.  An  experiment  in  which  the  combined  nitrates  of  silver 
and  mercury  were  evaporated  to  dryness  and  ignited  strongly  in  a 
porcelain  crucible  in  the  hope  that  only  pure  silver  might  be  left 
behind,  failed  owing  to  the  formation  of  a  mercury  compound  with 
the  glaze  of  the  crucible. 

Experiment. — The  cathode  was  plated  with  about  1-5  grams  of  mercury 
(see  p.  386),  weighed,  and  the  mercury  and  silver  deposited  into  this  from 
a  boiling  solution  containing  1  c.c.  of  concentrated  nitric  acid  and 
18  grams  of  tartaric  acid  (the  latter  was  added  as  it  was  thought  that 
its  presence  might  probably  be  required  in  later  separations  from  other 
metals).  After  weighing,  the  combined  metals  were  dissolved  in 
a  boiling  solution  containing  20  c.c.  of  concentrated  nitric  acid ;  the 
liquid  was  then  made  alkaline  with  sodium  hydroxide  faintly  acid  with 
nitric  acid  and  potassium  cyanide  added  to  it  until  it  was  clear.  It 
was  then  warmed  slightly  and  the  silver  precipitated  by  nitric  acid, 
allowed  to  settle  and  collected.  The  filter  paper  with  the  silver 
cyanide  was  then  added  to  a  solution  containing  about  3-5  grams  of 
potassium  cyanide,  and  the  silver  deposited  at  about  80°  with  a  current 
of  3  ampei'es  ;  the  stirrer  was  kept  moving  slowly  to  prevent  too  great 
disintegration  of  the  paper. 

Hg-t-Ag        Hg  +  Ag  Volts  Time  in 

taken.             found.             Amps.  auxiliary.          Temp.  minutes. 

0-4488             0-4486             5—0-2  0— O'lO             boiling             14 

Ag  taken  =  0-2156  Ag  found  =  0-2132 
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Copper  and  its  Separation  from  tlie  preceding  Metals. 

No  difficulty  was  experienced  in  depositing  copper  from  nitrate  and 
sulphate  solutions.  As  is  known,  a  smooth  deposit  is  obtained  from 
niti-ic  acid  solutions,  whereas  the  copper  produced  in  solutions  contain- 
ing only  sulphuric  acid  is  usually  slightly  powdery  at  the  end  of  the 
experiment.  This  is  no  doubt  due  to  the  intermediate  formation  of  a 
copper  hydride,  when  the  potential  rises  to  the  value  at  which  hydrogen 
is  evolved.  In  solutions  containing  nitric  acid  or  other  oxidising 
agents  this  cannot  take  place,  as  reduction  first  sets  in.  Even  from 
sulphuric  acid  solutions  smooth  deposits  may  be  obtained  if  the  metal 
is  deposited  at  a  limited  potential  of  the  cathode.  A  slightly  powdery 
surface  of  the  deposited  copper  does  not  appear  to  cause  loss  in  wash- 
ing, and  thus  does  not  affect  the  accuracy  of  the  results.  The  loss  in 
washing  in  solutions  containing  free  nitric  acid  also  appears  to  be 
negligible,  so  long  as  oxides  of  nitrogen  are  absent.  When,  however, 
these  were  present  even  in  traces  after  the  solution  of  metallic  copper  in 
nitric  acid,  it  was  found  necessary  to  add  an  alkali  acetate  to  the  solu- 
tion before  disconnecting.     The  following  results  were  obtained  : 

Experiments. — Metallic  copper  was  deposited  on  the  electrode  from 
an  acid  sulphate  solution,  weighed,  dissolved  in  a  solution  containing 
2'0  to  2'5  c.c.  of  concentrated  nitric  acid,  redeposited,  and  5  grams  of 
sodium  acetate  (No.  1)  or  7  grams  of  ammonium  acetate  (Nos.  2  and 
3)  added  before  disconnecting  : 


Volts 

Time  in 

No. 

Cu  taken. 

Cu  found. 

Amps. 

anofle-cathode. 

Temp. 

minutes. 

1. 

0-2939 

0-2938 

10 

2-5 

warm 

6 

2. 

0-2504 

0-2506 

10 

•     2-8 

,  J 

6 

3. 

0-2504 

0-2505 

10 

2-6 

j> 

6 

For  the  following  experiments,  either  measured  quantities  of  a  copper 
sulphate  solution  or  weighed  quantities  of  copper  sulphate  ci'ystals 
(Kahlbaum)  were  taken,  the  amount  of  copper  in  both  having  been 
previously  estimated  according  to  the  method  proved  correct  by  Nos. 
1,  2,  3.  In  Xos.  4  and  5,  1  c.c.  of  concentrated  nitric  acid,  in  Xo.  6, 
1  c.c.  of  concentrated  sulphuric  acid,  in  Nos.  7,  8,  and  9,  0"75  c.c.  of 
concentrated  sulphuric  acid  wei'e  added.  In  No.  9  the  free  mineral 
acid  was  removed  by  ammonium  acetate  before  disconnecting  : 


Volts 

Time  in 

No. 

Cu  taken. 

Cu  found. 

Amps. 

anode-cathode. 

Temp. 

minutes. 

4. 

0-2474 

0-2471 

10 

2-8 

lukewarm 

6 

5. 

0-2243 

0-2239 

10 

— 

hot 

6 

6. 

0-2474 

0-2476 

10 

3-0 

lukewarm 

6 

7. 

0-2949 

0-2953 

10—7 

2-9—3 

boiling 

5 

8. 

0-2690 

0-2693 

10 

2-8-3-2 

hot 

5 

9. 

0-2520 

0-2517 

10 

2-8 

boiliug 

7 

D   D   2 
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As  tar  as  can  Ije  judged  from  the  experiments  carried  oul,  the 
electrolysis  of  copper  solutions  containing  free  acetic  acid  and  a  con- 
siderable quantity  of  alkali  acetates  does  not  give  accurate  results.  In 
some  cases,  values  H  —  2  per  cent,  too  high  (5  milligrams)  were 
obtained.  In  other  cases  (see  experiments  on  separation  fiom  silver) 
the  results  were  better. 

From  boiling  tartrate  solutions,  correct  results  for  copper  have  been 
repeatedly  obtained  at  limited  potential.  The  copper  is  all  deposited 
at  a  potential  of  the  2 iY- sulphuric  acid  electrode  below  0"60  volt. 

Experiment. — 2i  c.c.  of  concentrated  nitric  acid,  10  grams  of  .sodium 
tartrate,  volume  120  c.c.  : 

Volts  Time  in 

Cu  taken.       Cu  fouiifl,  Amjis.  auxiliary.  Temp.      minutes. 

0-2941  0-2927  3—0-2  0-45— 0-55  100"  10 

A  difficulty  arose  in  the  experiments  in  ammoniacal  solutions  from  the 
ready  transformation  of  cuprous  to  cupric  [compounds  and  vice  ver.td, 
the  anode  effecting  the  former,  the  cathode  the  latter  reaction.  In 
consequence,  the  potential  of  the  cathode  does  not  rise  high  enough  to 
allow  all  the  copper  to  be  deposited.  Similar  difficulties  are  met  with 
frequently  in  electrolysis  in  the  case  of  such  metals  as  iron  and  tin,  and 
to  a  very  much  smaller  extent  in  the  case  of  mercury.  Tiiere  appear  to 
be  three  different  principles  by  the  application  of  which  the  difficulty 
may  be  met:  (1)  by  the  use  of  a  diaphragm;  (2)  by  the  addition  of 
reducing  agents  which  may  be  oxidised  at  the  anode  in  place  of  the 
whole  or  part  of  the  salt  undergoing  electrolysis  ;  (3)  by  lowering  the 
oxidising  and  stirring  efficiency  of  the  anode.  This  can  be  done  by 
making  use  of  the  anode  depicted  in  Fig.  3  on  p.  377. 

The  first  method  would  be  the  most  efficient,  and  would  undoubtedly, 
if  it  were  found  possible  to  carry  it  out  in  a  practicable  manner, 
eliminate  most  of  the  difficulties  which  are  still  met  with  in  electro- 
analysis. 

The  second  principle  comes  into  operation  where  solutions  of 
oxalates,  &c.,  are  employed. 

The  third  was  found  sufficient  in  the  present  case.  The  following 
experiments  were  carried  out : 

Experiments. — In  Nos.  1  and  2  the  following  were  added  to  the 
electrolyte,  1  gram  of  ammonium  nitrate,  20  c.c.  of  concentrated 
ammonia  solution;  in  No.  3,  10  c.c.  of  concentrated  nitric  acid  and 
17  c.c.  of  concentrated  ammonia  ^solution.  The  copper  deposit  was 
slightly  discoloured  : 

Volts  Time  in 

No.  Cu  taken.       Cu  found.        Amps.      anode-catliode. *        Temp.*     minutes. 

1.  0-2941  0-2937  3—5  4-5  20-.^.0°  9 

2.  0-2941  0  2937  3— ,5  4-5  20—50  10 

3.  0-3682  0-3682  —  —  80  20 

*  Roujj'h  values. 
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Separation  from  Silver  and  Mercury. — Both  silver  and  mercury  can 
be  deposited  completely  from  nitrate  solutions  at  a  potential  of  the 
2i\''  sulphuric  acid  electrode  below  O'lO  to  0"15  volt,  and  as  copper 
does  not  begin  to  be  precipitated  below  0'30  volt  a  separation  can  be 
readily  effected.  (For  the  conditions  governing  the  adherence  of 
deposits,  see  pp.  385,  389.) 

Experiments  1  and  2. — About  0"75  c.c.  of  concentrated  nitric  acid 
per  85  c.c.  : 


Volts 

Time  in 

No. 

Taken, 

Found. 

Amps. 

auxiliary. 

Temp,    minutes. 

1. 

0-5330  Hg 

0-5850  Hg 

10—0-2 

00— 0-15 

Ijoiling         6 

0-2465  Cu 

0-2467  Cu 

9 

— 

warm            5 

2. 

0-5830  Hg 

0-5846  Hg 

10-0-2 

0-0—0-15 

boiling         6 

0-2465  Cu 

0-2469  Cu 

— 

— 

— .             — 

Silver  was  separated  from  copper  in  boiling  acetate  solutions,  both 
by  the  aid  of  an  auxiliary  electrode,  the  potential  of  the  latter  being 
kept  less  than  030  volt,  and  also  by  simply  regulating  the  potential 
difference  between  the  anode  and  the  cathode  below  1'25  volts. 
Before  disconnecting,  care  must  be  taken  to  reduce  the  voltage 
sutficiently  to  preclude  its  rising  above  the  fixed  value  during  the 
operation. 

Experiments. — ^In  Nos.  1  and  2,  the  solution  contained  5  c.c.  of 
concentrated  nitric  acid  and  25  grams  of  ammonium  acetate  ;  in  No.  3, 
4  c.c.  of  concentrated  sulphuric  acid  and  25  grams  of  sodium  acetate  ; 
in  No.  4,  4  c.c.  of  concentrated  nitric  acid  and  25  grams  of  sodium 
acetate.  In  experiment  4,  6  to  7  c.c.  of  concentrated  nitric  acid  were 
added  before  depositing  the  copper  : 


Volts 

Volts 

Time  in 

No. 

Taken. 

Found. 

Amps. 

anode-cathode. 

auxiliary. 

Temp. 

minutes. 

1. 

0-5389  Ag 

0-5394  Ag 

2-5—0-4 

1-0- 1-25 

— 

boiling 

9 

0-155    Cu 

— 

-r- 

— 

— 

— 



2. 

0-5389  Ag 

0-5386  Ag 

2-8—0-5 

10— 1-20 

— 

boiling 

7 

0-0990  Cu 

0-0994  Cu 

4 

3 

— 

hot 

4 

3. 

0  -5389  Ag 

0-5389  Ag 

2-8—0-8 

1-0-1-20 

— 

boiling 

7 

0-2474  "Cu 

0-2483  Cii 

6—3 

2-6 

— 

hot 

5 

4. 

0-2695  Ag 

0-2705  Ag 

2-7-0-4 

— ■ 

0-30 

boiling 

— 

0-5882  Cu 

0-5908  Cu 

10 

3-5 

— 

tepid 

— 

Silver  may  also  be  separated  from  copper  in  ammoniacal  solutions 
with  the  aid  of  the  auxiliary  electrode  if  the  potential  of  the  latter 
be  kept  below  050  volt.  As  will  be  clear  from  the  remarks  on  p.  392 > 
the  anode,  Fig.  3,  must  be  employed.  It  will  also  be  understood 
that  after  complete  deposition  of  the  silver  the  current  does  not  fall 
to  zero.  The  absence  of  the  latter  must  therefore  be  confirmed  by 
means  of  hydrochloric  acid. 

Experiments. — 10  c.c.  of  concentrated  nitric  acid,  15  c.c.  of 
concentrated  ammonium  hydroxide  solution  ; 
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No 

Taken. 

Found.        Amps. 

Volts 
anode-cathode.* 

Volts 
auxiliary. 

Time  in 
Temp,  minutes. 

2. 

0-2170  Ag 
0-3682  Cu 
0-2170  Ag 
0-3682  Cu 

0-2163  Ag     3—1-3 
0-3680  Cu        4 
0-2165  Ag     5—1-5 

* 

2 

5-4 

3-5 

Rougb  values. 

0-38-0-50 
0-45- 0'50 

boiling        10 
warm          10 
boiling           9 

Bismuth  and  its  Separation  from  all  the  jyreceding  Metals. — As  has 
already  been  pointed  out,  the  precipitation  of  bismuth  as  such  in  a 
coherent  form  suitable  for  analysis  has  hitherto  been  considered  one 
of  the  most  difficult  electroanalytical  operations,  and  a  satisfactory 
method  can  hardly  be  said  to  have  been  available. 

In  the  present  investigation,  satisfactory  results  were  obtained  in 
acetate,  tartrate,  and  nitrate  solutions ;  the  only  condition  which  had 
to  be  observed  was  to  keep  the  potential  of  the  electrode  as  low  as 
possible.  A  temperature  of  about  60°  was  found  the  most  suitable. 
In  solutions  containing  free  nitric  acid,  the  potential  of  the  cathode 
is  automatically  kept  low  owing  to  the  reduction  of  the  acid  if  only 
the  stirring  efficiency  is  sufficient  to  prevent  its  local  exhaustion. 
With  the  present  electrodes  it  was  found  possible  to  use  currents  of 
2  to  3  amperes  without  any  further  precaution,  in  contradistinction  to 
the  results  obtained  with  different  apparatus  by  other  investigators. 
When  tartrate  and  acetate  solutions  were  employed,  it  was  found 
necessary  to  keep  the  potential  of  the  cathode  carefully  under  control 
by  means  of  the  auxiliary  electrode  as  described  on  p.  381.  The  fol- 
lowing experiments  were  carried  out : 

Experiments  1  and  2. — Bismuth  was  deposited  on  the  electrode  from 
a  nitrate  solution,  weighed,  dissolved  in  an  acid  solution  containing 
2\  c.c.  of  concentrated  nitric  acid,  then  8  grams  of  sodium  tartrate 
were  added.  At  the  end  of  the  experiment,  before  disconnecting  the 
solution  was  made  alkaline  with  5  c.c-  of  concentrated  ammonium 
hydroxide : 


Volts 

Time  in 

No. 

Bi  taken. 

Bi  found. 

Amps. 

auxiliai-y. 

Temp. 

minutes. 

1. 

■  0-2184 

0-2187 

3-0-2 

0-63- 0-9 

wai-m 

9 

2. 

0-2999 

0-2996 

8—0-2 

0-63—0-9 

!  J 

9 

A  solution  was  then  made  up  by  dissolving  approximately  14  grams 
of  bismuth  oxide  (Kahlbaum)  in  a  litre  of  acid  containing  approxi- 
mately 100  c.c.  of  concentrated  nitric  acid.  This  solution  was 
.analysed  according  to  the  method  proved  correct  by  experiments 
1  and  2  (two  determinations,  difference  0*3  milligram).  Measured 
quantities  of  this  solution  were  taken  for  the  following  experiments 
with  the  exception  of  Nos.  8,  11,  and  12.  In  experiments  3 — 6,  the 
solution  contained  about  2J  c.c.  of  concentrated  nitric  acid  in  85  c.c.  ; 
the  same  electrolyte  was  employed  in  experiment  7,  but  neutralised 
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with  ammonia  before  disconnecting.  In  experiment  8,  electrolytically 
deposited  bismuth  was  dissolved  in  2^-  c.c.  of  concentrated  nitric  acid, 
then  10  grams  of  ammonium  acetate  added,  and  the  cathode  potential 
kept  under  control.  In  experiment  9,  the  electrolyte  contained  10  c.c. 
of  formaldehyde,  but  was  otherwise  identical  with  that  of  No.  7.  In 
experiments  10 — 13,  2i  grams  of  concentrated  nitric  acid  and  8  grams 
of  sodium  tartrate  were  present,  and  the  solution  was  neutralised 
with  sodium  hydroxide  before  disconnecting;  metallic  bismuth  formed 
the  starting  point  in  Nos.  11  and  12.  In  experiment  14,  the  solution 
contained  2|  grams  of  concentrated  nitric  acid  and  12  grams  of 
sodium  tartrate  : 


Volts 

Volts 

Time  in 

No. 

Bi  taken. 

Bi  found. 

Amps. 

aiiode-cathode. 

auxiliary. 

Temp. 

mins. 

3. 

0-3223 

0-3207 

3—2 

2-4 

— 

cold 

8 

4. 

0-3223 

0-3215 

3 

2-1-2-9 

— 

, 

11 

5. 

0-3223 

0-3-208 

3 

— 

— . 

j» 

11 

6. 

0-3223 

0-3212 

3 

— 

— 

12 

7. 

0-3223 

0-3226 

3—2 

2-1- 3-0 

— . 

,, 

9 

8. 

0-3207 

0-3199 

3-5—0-4 

2-7 

0-65— 0-80 

tepid 

1] 

9. 

0-3203 

0-3198 

4—0-2 

— 

0-65—0-80 

,, 

10 

10. 

0-3223 

0-3216 

2—0-2 

2-4—1-9 

0-65-0-90 

cold 

15 

11. 

0-3216 

0-3203 

2—0-2 

— 

0-65—0-90 

, , 

13 

12. 

0-3198 

0-3194 

2—0-2 

— 

0-65—0-90 

,, 

— 

13. 

0-2395 

0-2389 

3-0-2 

— 

0-63—0-75 

hot 

— 

14. 

0-3886 

0-3882 

3-0-2 

1-3 

0-65-0-70  boiliiio 

;    11 

Several  determinations  of  bismuth  as  amalgam  were  also  carried  out, 
error  0-7 — 0-8  milligram  on  0-2  gram  of  bismuth.  The  method 
requires  far  more  time  and  trouble  than  the  dii-ect  estimation  and  is 
probably  less  accurate  than  that  of  experiments  1  and  2. 

Separation  from  tJie  preceding  Metals. — In  the  electropotential 
series  for  acid  solutions,  bismuth  stands  about  0-1  to  0-2  volt  higher 
than  copper,  and  can  therefore  be  separated  from  silver  and  mercury 
in  acid  solution  by  the  same  methods  as  the  former  metal.  Its 
separation  from  copper  is,  however,  somewhat  difficult  in  consequence 
of  its  close  proximity  to  this  metal.  In  nitric  acid  solutions  the 
difference  between  the  deposition  potentials  of  the  two  metals  is  only 
about  0-10  volt,  and  a  separation  is  quite  impracticable.  In  boiling 
tartrate  solutions  containing  free  tartaric  acid,  copper  is  deposited  at  a 
potential  between  0-40  and  0-60  volt  and  bismuth  between  0-60  and 
0'70  volt.  As  a  result  it  is  found  that  a  separation  by  graded 
potential  may  be  effected  if  the  quantity  of  bismuth  is  very  small  by 
maintaining  the  potential  of  the  auxiliary  electrode  below  0*60  volt. 
When,  however,  the  quantity  of  bismuth  is  large,  some  of  it  is 
deposited  with  the  copper,  and  must  be  separated  from  it  by  dissolving 
the  metal  in  nitric  acid  and  repeating  the  operation. 

Exjieriments. —  The  solutions  contained  about  2^  c.c.  of  ccncfni rated 
nitric  acid  and  10  grams  of  sodium   tartrate.     The  copper  depositions 
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were  repeated,  the  auxiliary  electrode  being  maintained  at  0*60  volt  for 
two  minutes  in  each.  The  numbers  in  brackets  are  the  results  of  the 
first  deposition 


Volts 

Tinie  in 

No. 

Taken. 

Found. 

Amps. 

iiuxiliary. 

Tcnij).  minutes. 

1. 

0-2941  Cu 

0-2920  (0-3033) 

4—0-1 

0-50—0-60  ■ 

boiling'         8      . 

0-3223  Bi 

0-3221  Bi 

4—0-2 

0-60—0-80 

liot            6 

•2. 

0-2941  Cn 

0-2926(0-2993) 

5—0-2 

0-50—0-60 

boiling         9 

0-3223  Bi 

— 

— 

— 

—           — 

Another  method  of  separating  copper  from  bismuth  has  been 
suggested  by  E.  Smith  (Amer.  Chem.  ./.,  1890,  12,  428).  It  consists 
in  preparing  an  alkaline  solution  of  the  two  metals  and  adding 
potassium  cyanide,  thus  converting  the  copper  into  a  double  cyanide, 
a  compound  which  requires  a  very  high  potential  for  its  decomposition. 
The  bismuth  does  not  form  a  cyanide,  and  can  be  deposited  at  a  much 
lower  potential.  Smith  recommends  the  use  of  a  current  of  0-2  ampere, 
and  required  nine  hours  for  a  separation. 

Methods  of  separation  with  a  fixed  current  strength,  being  devoid  of 
a  scientific  basis,  can,  however,  not  be  considered  trustworthy.  Satisfac- 
tory results  may,  on  the  other  hand,  be  obtained  by  keeping  the  potential 
of  the  cathode  under  control.  In  the  present  case,  the  auxiliary 
electrode  was  kept  below  1'40  volts.  It  was  found  necessary  to  use  a 
hot  solution  and  to  prevent  the  formation  of  a  deposit  of  bismuth 
pentoxide  on  the  anode  by  the  addition  of  formaldehyde.  The  bismuth 
was  kept  in  solution  by  means  of  an  alkali  tartrate. 

Experiments. — Copper  and  bismuth  were  deposited  in  weighed 
quantities  on  the  cathode  and  dissolved  in  a  boiling  solution  of  3  c.c. 
of  concentrated  nitric  acid.  Then  8  grams  of  sodium  tartrate,  3  grams 
of  sodium  hydroxide,  5  grams  of  potassium  cyanide,  and  10  c.c.  of 
formaldehyde  were  added.  .  The  current  was  kept  low  enough  to 
prevent  the  blue  colour  of  the  alkaline  copper  tartrate  from  making  its 
appearance  (due  to  the  decomposition  of  the  potassium  cyanide).  The 
bismuth  was  taken  to  constant  weight  : 


Volts 

anode- 

Volts 

Time  in 

S^o. 

Taken. 

Found.         Amps. 

cathode. 

*  auxiliary. 

Temp. 

minutes. 

1. 

0-3S86  Bi 

0-3871  Bi      2—0-2 

0-4 

1-08—1-40 

roughly  SO' 

36 

0-2995  Cu 

0-2990  Cu       10 

3-5 

— 

lioiling 

8 

2. 

0-2.503  Bi 

0-2498  Bi  1-5—0-2 

0-5 

1-10—1-40 

roughly  80° 

23 

0-3590 

0-3585             10 

3-6 

— 

boiling 

9 

■'  i; 

ou'di  values. 

Lead  and  its  Separation  from  all  the  preceding  Metals. — Lead  may 
be  determined  both  in  the  form  of  peroxide  and  as  metal.  In  the  form 
of  peroxide  its  adherence  to  the  electx'ode  was  found  to  depend  greatly 
on  temperature.  In  the  cold  it  is  veiy  loose,  and  only  small  currents 
may    be   employed.       When  deposited   from  a  boiling   solution  it  is, 
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however,  exceedingly  adherent,  as  has  already  been  found  by  Exner, 
but  a  consideralile  strength  of  current  must  be  used  to  counteract  the 
solvent  action  of  the  acid.  In  tlie  present  investigation,  it  was  deposited 
both  on  the  inner  and  on  the  outer  electrode.  In  the  former  case  it 
was  found  desirable  not  to  use  very  large  quantities.  The  temperature 
chosen  was  about  60°. 

Experiments. — A  weighed  quantity  of  pure  lead  (Kahlbaum)  was 
dissolved  in  nitric  acid,  boiled  to  expel  nitrous  fumes,  and  made  up  to 
a  known  volume. 

In  experiment  1  the  electrolyte  contained  10  c.c.  of  concentrated 
nitric  acid ;  in  experiments  2 — 5,  15  c.c.  of  concentrated  nitric  acid 
per  85  c.c.  The  peroxide  was  deposited  on  the  outer  electrode  in 
Nos.  1 — 3,  on  the  inner  electrode  in  Nos.  4  and  5.  It  was  dried  in 
the  usual  way  at  200°  : 


Pb  found 

Volts 

Time  in 

S'o. 

Fb  taken. 

as  PbOj. 

Amps. 

anode-cathode. 

Temp. 

minutes. 

1. 

0-1383 

0-1374 

o 

2-4 

roughly  60° 

7 

2. 

0-3457 

0-3465 

3 

2-2 

J, 

9 

3. 

0-3457 

0-3455 

3 

2-2 

,j 

9 

4. 

0-1383 

0-1365 

2 

2 

,, 

9 

5. 

0-1383 

0-1384 

2 

2 

,, 

10 

Lead  may  also  be  deposited  as  metal  either  in  a  faintly  acid,  an 
ammoniacal,  or  an  alkaline  solution,  when  reducing  agents  are  added 
to  prevent  the  formation  of  the  peroxide.  The  reducing  agent 
employed  was  either  tartaric  acid  or  glucose,  and  the  solution  was  kept 
hot  (see  the  experiments  on  the  separation  of  lead  from  bismuth  and 
from  cadmium,  pp.  399  and  402).  The  deposit  is  roughly  crystalline 
and  not  very  firm  when  obtained  from  an  acid  solution.  It  is  denser 
when  produced  in  an  ammoniacal  and  still  denser  in  an  alkaline 
solution,  corresponding  to  the  potential  of  the  electrode  at  which  it  is 
formed  (see  general  considerations,  p.  385). 

Separation  from  the  iweceding  Metals. — The  separation  of  lead  from 
other  metals  based  on  the  fact  that  it  can  be  deposited  on  the  anode  as 
peroxide  is  well  known  ;  the  present  electrodes,  however,  allow  simpli- 
fications and  improvements  to  be  made  in  some  cases.  When  it  is 
desired  to  separate  lead  from  a  metal  such  as  copper,  there  is  no  need 
to  acidify  the  solution  strongly  with  nitric  acid  in  order  to  prevent 
the  deposition  of  metallic  lead  if  only  the  quantity  of  the  copper  is  so 
great  that  all  the  lead  is  deposited  on  the  anode  a  considerable  time 
before  exhaustion  of  the  copper  sets  in.  Thus  an  experiment  was 
successfully  carried  out  in  which  lead  and  copper  were  deposited  in 
one  operation  from  a  solution  containing  sulphuric  and  nitric  acids. 
A  precipitate  of  lead  sulphate  was  present,  which,  however,  dissolved 
as  the  lead  was  deposited  on  the  anode.  It  should  be  mentioned  here 
that  in   certain   other  experiments  attempts  were   made   to   separate 
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metals  from  solutions  containing  precipitates  which  were  not  dissolved 
during  the  electrolytic  operation.  In  nearly  all  such  cases  it  was 
not  found  possible  to  wash  the  deposited  metal  free  from  the 
precipitate. 

Experiment. — Measured  quantities  of  the  standardised  copper 
sulphate  and  lead  nitrate  solutions  were  taken  and  1  c.c.  of  concentrated 
nitric  acid  added.  The  solution  was  hot.  A  current  of  2  amperes 
was  pas.sed  for  five  minutes,  during  which  all  the  lead  sul[)hate 
disappeared  and  the  li(|uid  still  remained  l)lue.  The  current  was  then 
increased  to  10  amperes  and  all  the  copper  deposited.  The  inner 
electrode  was  the  anode.  The  lead  peroxide  was  not  very  adherent, 
but  none  was  lost  in  washing  : 

Cu  taken  0-2474  ;  Cu  found  0-2476. 
Pb      „      0-1383;  Pb      „      0-1386. 

According  to  B.  Neumann  (Anali/tische  Elektrolyse  der  Jfetalle, 
p.  1 76),  the  separation  of  lead  as  peroxide  from  silver  is  not  trust- 
worthy as  the  deposit  is  said  frequently  to  contain  small  quantities  of 
silvei\  Owing  to  the  great  instability  of  silver  peroxide  at  100°  it  was 
expected  that  if  the  solution  were  kept  boiling  during  the  deposition  a 
quantitative  separation  could  be  effected,  and  this  proved  to  be  the 
case.  The  solutions  employed  were  strongly  acid.  A  small  amount 
of  silver  was  always  precipitated  in  a  very  loose  form  on  the  cathode. 
This  must  be  dissolved  carefully  in  the  nitric  acid  by  heating  the 
solution  before  it  is  made  ammoniacal  for  the  deposition  of  the  silver. 

Experiments. — The  solutions  contained  10  c.c.  of  concentrated  nitric 
acid  during  the  deposition  of  the  lead.  In  No.  2,  5  c.c.  more  were 
added  after  the  lead  had  been  removed,  to  ensure  the  solution  of  all 
the  silver,  then  the  electrolyte  was  made  strongly  ammoniacal  and  the 
silver  deposited.  The  lead  peroxide  was  precipitated  on  the  outer, 
the  silver,  after  the  removal  of  the  latter,  on  the  inner  electrode  : 


Volts 

Time  in 

No. 

Taken. 

Fomul. 

Amps. 

anode-cathode. 

Temp. 

minutes. 

1. 

0-2848  Pb 

0-2857  Pb 

3—4 

1-6 

boiling 

10 

0-2694  Ag 

— 

— 

— 

— 

— 

2. 

0-2848  Pb 

0-2854  Pb 

3 

1-7 

boiling 

10 

0-2694  Ag 

0-2693  Ag 

3 

— 

,, 

— 

When  lead  peroxide  is  deposited  from  solutions  containing  salts  of 
bismuth,  it  is  known  always  to  contain  some  of  this  metal  and  a 
purely  electrolytical  method  of  separation  of  lead  from  bismuth  has 
hitherto  not  been  available.  It  was  expected  that  a  separation  might  be 
effected  by  regulating  the  potential  of  the  anode.  This,  however,  proved 
not  to  be  the  case.  In  an  experiment  carried  out  with  0-15  gram  of 
lead  per  85  c.c.  it  was  found  that  all  the  peroxide  could  be  deposited 
at  an  anode-potential  of  1-10  volts,  the  initial  current  being  3  amperes. 
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When,  however,  about  0*4  gram  of  bismuth  was  added  as  nitrate  to 
the  same  lead  solution,  the  lead  appeared  to  be  held  back  by  the 
bismuth,  for,  in  order  to  obtain  the  same  current,  an  anode  potential 
of  1*30  volts  had  to  be  employed,  and  it  was  only  when  the  bismuth 
was  removed  on  the  cathode  that  the  potential  of  the  anode  could 
be  reduced.  It  appears  that  the  only  explanation  which  may  be  given 
for  this  is  that  the  lead  combines  with  the  bismuth  in  complex 
molecules  (possibly  also  as  complex  ions)  which  requii'e  a  higher  anode 
potential  for  their  oxidation  than  the  molecules  of  pure  lead  nitrate. 
This  matter  is  of  considerable  interest  inasmuch  as,  so  far  as  I  am 
aware,  we  have  hitherto  had  no  evidence  for  the  formation  of  complex 
molecules  in  solution  between  such  substances  as  lead  and  bismuth 
nitrate.     ' 

The  separation  of  bismuth  from  lead  by  graded  potential  of  the 
cathode  was  then  tried.  In  their  Analyse  des  Metaux  par  Electrolyse, 
1906,  p.  90,  Hollard  and  Bertiaux  describe  a  method  by  which  small 
quantities  of  bismuth  may  be  separated  from  lead  in  forty-eight  hours. 
The  lead  is  made  insoluble  by  converting  it  into  the  sulphate  and 
adding  alcohol.  The  bismuth  is  then  deposited  by  the  current.  As 
has  already  been  explained  (p.  397),  methods  of  this  kind  in  which  in- 
soluble precipitates  are  suspended  in  the  electrolyte  are  not  suitable 
for  the  rotating  electrodes  used  in  the  present  investigation. 

Attempts  were  made  to  separate  bismuth  from  lead  in  tartrate  and 
in  nitrate  solutions.  The  former  failed  as  the  bismuth  always  con- 
tained lead.  The  latter,  however,  were  successful.  Either  glucose  or 
tartaric  acid  was  added  to  the  solution  to  prevent  the  formation  of  lead 
peroxide  on  the  anode.  In  the  former  case  the  deposit  of  bismuth 
was  somewhat  loose.  This  becomes  especially  noticeable  when  bismuth 
and  copper  are  precipitated  together  (see  p.  408).  After  the  bismuth 
has  been  removed  the  lead  is  deposited  from  the  same  solution,  but  it 
was  found  necessary  to  weigh  the  anode  as  well  as  the  cathode,  as 
small  quantities  of  lead  peroxide  were  usually  formed.  Although  very 
crystalline,  the  metal  adhered  sixfficiently  to  allow  it  to  be  washed. 
When  tartaric  acid  was  employed  as  a  reducing  agent  the  deposit  of 
bismuth  was  quite  firm,  but  it  was  found  necessary  to  make  the  solution 
ammoniacal  for  the  deposition  of  the  lead. 

Experiments. — In  experiments  1,  2,  3,  the  electrolyte  contained 
about  2  c.c.  of  concentrated  nitric  acid  and  15  grams  of  glucose,  the 
volume  being  85  c.c,  during  the  precipitation  of  the  bismuth ;  in 
experiment  4,  2  c.c.  of  concentrated  nitric  acid  and  20  grams  of  glucose 
were  employed.  Owing  to  the  large  quantity  of  lead  present  in  the 
latter  experiment  the  metal  was  deposited  in  a  form  too  loose  for 
accurate  determination  (error  5  milligrams).  The  numbers  in  brackets 
represent  tbe  amount   of  lead  found   as   peroxide  on  the  anode.     In 
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experiment  5  the  solution  contained  1'6  c.c.  of  concentrated  nitric 
acid  and  15  grams  of  tartaric  acid ;  in  experiment  6,  one  c.c.  of 
concentrated  nitric  acid  and  20  grams  of  tartaric  acid.  In  tlie 
latter  case  the  solution  was  made  strongly  alkaline  with  20  c.c.  of 
concentrated  ammonium  hydroxide  before  the  deposition  of  the  lead. 
The  second  number  represents  the  lead  determined  as  peroxide  by 
dissolving  in  nitric  acid  and  reprecipitating  : 

Volts 

anode-           Volts  Time  in 

No.       Taken.          Found.           Amps,     eathode. "  auxiliary.  Temp."   minutes. 

1.  0-3886  Bi     0-3900  Bi         3—0-2          —  0-42—0-55  60—70'           9 
0-3560  Pb     0-3552  Pb            3               —  0-90—0-95  —              11 

(3-8  mg.) 

2.  0-3886  Bi     0  3903  Bi  3—02  I'S         0-43-0-55  60— 7p  11 
0-3560  Pb     0-3557  Pb  3  24         0-85- 0-90  60—80  10 

3.  0-3886  Bi     0-3892  Bi  3-5— 0-2  1-9         0-42—0-55  70—80  11 
0-2856  Pb     0-2856  Pb  3  2-2— 2-6  "          —  65  15 

(4-9  mg.) 

4.  0-3109  Bi     0-3129  Bi         3-0-2  -  0-43—0-55  70  8 
0-7120  Pb     0-7076  Pb          —               —                 —                  —             — 

(23-1  mg.) 

5.  0-3109  Bi     0-3123  Bi  3-5-0-2  —  0-45—0-55  75  8 
0-2848  Pb          —                  —  —                 —  —  — 

6.  0-1554  Bi     0-1555  Bi  1-6—0-2  —  0-43—0-55  55—80  12 

0-2848  Pb  1 2.2841  pIJ}         2  1-4  1-04—1-50       boiUng  10 

*  Rough  values. 

Cadmium  and  its  Separation  from  all  the  preceding  Metals. — The 
estimation  of  cadmium  on  a  x'otating  cathode  has  been  examined  in 
considerable  detail  by  Flora  {Inc.  cit.).  For  the  purposes  of  the 
present  investigation,  it  was  thought  specially  desirable  to  be  able  to 
deposit  the  metal  from  nitrate  solutions,  and  a  considerable  number 
of  experiments  were  carried  out  for  this  purpose. 

The  only  solutions  in  which  the  potential  of  the  electrode  could  be 
pushed  high  enough  for  the  complete  deposition  of  the  metal  were 
neutral  and  alkaline  ones,  as  the  potential  is  kept  too  low  in  acid 
solutions  by  the  reduction  of  the  nitric  acid.  In  order  to  obtain 
adherent  deposits,  the  electrolyte  must  be  strongly  alkaline ;  the 
precipitates  obtained  from  ammoniacal  solutions  are  loose  and  useless. 
Experiments  are  quoted  below  for  cyanide  solutions,  but  the  electro- 
lyte principally  used  in  the  present  investigation  contained  sodium 
tartrate.  This  liquid  must  be  employed  cold,  as  an  insoluble,  white 
precipitate  from  which  it  is  very  difficult  to  deposit  the  metal 
sepai'ates  from  hot  solutions.  When  the  current  has  passed  for 
some  time  the  solution  appears  to  undergo  a  change,  possibly  in 
consequence  of  the  formation  of  oxalic  acid  by  oxidation  of  the  tartrate, 
which  either  necessitates  a  very  high  potential  of  the  cathode  for  the 
complete  precipitation  of  the  i,netal  or  makes  it  altogether  impossible. 
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The  method  adopted  to  overcome  this  difficulty  was  to  make  the 
solution  slightly  ammoniacal  at  the  end  of  the  experiment,  either  by 
adding  ammonium  sulphate  and  boiling  for  some  time  until  most  of 
the  ammonia  had  disappeared,  or  by  first  making  the  solution  faintly 
acid  and  then  faintly  ammoniacal.  Although  the  last  traces  of  the 
metal  separate  in  a  slightly  powdery  state  under  these  conditions, 
they  adhere  sufficiently  to  allow  the  deposit  to  be  washed.  As  will 
be  seen  from  the  numbers  given  below,  there  is  then  a  decided 
tendency  for  the  results  to  be  high,  so  that  it  may  be  desirable  to 
redeposit  the  metal. 

The  great  variability  of  the  deposition-potential  of  metals  in 
neutral  and  alkaline  solutions  containing  organic  substances  (including 
cyanides)  was  a  phenomenon  genei^ally  observed.  It  is  due  to  tlie 
changes  which  these  substances  undergo  at  the  anode.  In  consequence 
these  solutions  are  in  general  much  less  suited  for  separations  by 
graded  potential  than  acid  ones,  and  the  results  obtained  from  them 
are  not  so  trustworthy  as  the  beautiful  appearance  of  the  deposits 
would  lead  one  to  expect. 

Acetate  solutions  containing  free  acetic  acid  were  employed  for 
the  separation  of  cadmium  from  zinc.  The  deposits  are  somewhat 
loose,  and  in  consequence  the  results  not  trustworthy  for  very  large 
quantities  of  metal.  The  largest  amount  accurately  deposited  was 
0'15  gram.  As  has  already  been  explained,  nitrates  must  not  be 
present  in  these  acid  electrolytes.  All  the  depositions  were  carried 
out  with  a  limited  potential  of  the  cathode. 

Experiments. — In  Nos.  1  and  2,  cadmium  was  deposited  on  the 
cathode  from  a  tartrate  solution,  weighed,  then  dissolved  in  an  acid 
solution  containing  2  c.c.  of  concentrated  sulphuric  acid,  then  8  grams 
of  sodium  tartrate  and  5  grams  of  sodium  hydroxide  were  added,  and 
the  solution  electrolysed  until  no  cadmium  could  be  detected  by 
hydrogen  sulphide.  The  subsequent  experiments  were  either  carried 
out  with  a  solution  made  up  from  pure  cadmium  sulphate  (Kahlbaum), 
and  analysed  according  to  the  method  proved  correct  by  experiments 

1  and  2,  or  with  a  solution  prepared  by  dissolving  a  weighed  quantity 
of  electrolytically  prepared   cadmium  in   sulphuric   acid.      In  No.  3, 

2  c.c.  of  concentrated  sulphuric  acid  and  3i  grams  of  sodium 
hydroxide  were  added  to  the  electrolyte,  which  was  then  acidified  with 
1-^  c.c.  of  glacial  acetic  acid.  The  quantities  taken  in  No.  4  were 
2  c.c.  of  concentrated  sulphuric  acid,  3;V  grams  of  sodium  hydroxide, 
and  2  c.c.  of  acetic  acid.  ,  In  No.  5,  3  c.c.  of  concentrated  sulphuric 
acid  and  10  c.c.  of  concentrated  ammonium  hydroxide  were  added, 
and  the  solution  Avas  then  acidified  with  4^  c.c.  of  glacial  acetic 
acid : 
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Volts 

Volts 

Time  in 

No. 

Cd  taken. 

Cd  found. 

Amps. 

anode-cathode. 

auxiliary. 

Temp. 

minutes 

1. 

0-3980 

0-3983 

5-0-3 

2-9-2-3 

1-45- 1-60 

cold 

10 

2. 

0-4892 

0-4890 

5—0-3 

— 

1-45- 1-60 

,, 

15 

3. 

0-1554 

0-1554 

4—1 

2-6-2 

1-12— 1-20 

80" 

13 

4. 

0-1554 

0-1547 

3—1 

— 

1-12-1-20 

70 

— 

5. 

0-0777 

0-770 

2—0-4 

— 

1-15—1-20 

45 

8 

Separation  from  the  preceding  Metals. — Cadmium  is  only  deposited 
from  acid  solutions  at  a  potential  of  the  2/xV  sulphuric  acid  electrode 
of  more  than  1  volt.  Even  when  no  auxiliary  electrode  is  employed 
there  is  therefore  no  difficulty  in  hindering  its  precipitation  by  the 
addition  of  small  quantities  of  nitric  or  large  quantities  of  sulphuric 
acid.  Of  the  metals  dealt  with  in  the  present  paper,  the  one  nearest 
it  in  the  electropotential  series  is  lead ;  a  separation  from  this  metal 
therefore  involves  the  separation  from  the  rest.  Results  are  also 
given  below  for  bismuth.  This  was  deposited  either  from  a  nitrate 
solution  containing  free  nitric  and  tartaric  acid  or  from  a  tartrate 
solution  containing  only  free  tartaric  acid.  In  the  former  case,  the 
potential  of  the  auxiliary  electrode  was  taken  to  0*55  volt,  in  the 
latter  to  0-70  volt.  In  both  cases  the  current  falls  to  about  0'2  volt 
when  all  the  metal  has  been  deposited.  This  does,  however,  not  take 
place  in  the  nitrate  solutions  if  a  reducing  agent  such  as  tartaric  acid 
•is  not  added. 

For  the  sepax-ation  of  lead  from  cadmium  a  nitric  acid  solution  was 
used  containing  glucose,  and  the  potential  of  the  auxiliary  electrode 
was  taken  to  0-90  volt.  The  temperature  should  not  be  much  below 
60°  and  not  above  80°.  The  current  in  this  case  does  not  fall  to 
almost  zero,  but  the  course  of  the  analysis  may  be  readily  followed 
if  the  approximate  absence  of  lead  is  tested  for  by  means  of  sulphuric 
acid.  As  a  small  amount  of  peroxide  is  generally  deposited  on  the 
anode,  the  latter  must  be  weighed  before  and  after  the  experiment. 

Experiments. — In  No.  1,  the  solution  contained  2h  c.c.  of  concen- 
trated nitric  acid  and  18  grams  of  tartaric  acid  for  the  determination 
of  the  bismuth ;  before  the  determination  of  the  cadmium  it  was 
made  alkaline  with  17  grams  of  sodium  hydroxide.  In  No.  2,  the 
quantities  were  2^  c.c.  of  concentrated  nitric  acid  and  12  grams  of 
tartaric  acid.  In  No.  3,  the  solution  for  the  deposition  of  bismuth 
was  identical  with  No.  2 ;  for  the  determination  of  the  cadmium  it 
was  made  strongly  alkaline  with  2>^  grams  of  sodium  hydroxide,  the 
deposition  of  the  latter  metal  was  carried  on  for  ten  minutes  in  the 
cold,  then  15  grams  of  ammonium  sulphate  were  added,  and  the 
electrolysis  continued  in  a  boiling  solution  for  nine  minutes.  In 
experiment  4,  the  solutions  were  identical  with  No.  3,  but  during  the 
deposition  of  the  cadmium  the  electrolyte  was  heated ;  in  consequence 
it  became  turbid,  15  grams  of  ammonium  sulphate  were  then  added, 
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but  a  considerable  time  was  required  to  make  the  solution  clear 
again. 

In  experiment  5,  the  solution  contained  0'25  c.c.  of  concentrated 
nitric  acid  and  15  grams  of  glucose  for  the  determination  of  the  lead ; 
before  the  estimation  of  the  cadmium  it  was  made  alkaline  with 
3i  grams  of  sodium  hydroxide,  and  two-thirds  of  a  gram  of  potassium 
cyanide  was  added.  * 

In  experiment  6,  the  solution  for  the  determination  of  the  lead  was 

the  same  as  in  No.  5  ;   for  the  estimation  of  the  cadmium  8  grams  of 

sodium  tartrate  and  Sh  grams  of  sodium   hydi-oxide  were  added,  the 

electrolysis  was  carried  on    for   30    minutes   in  the  cold,   and    then 

continued  at  boiling  temperature.     The  numbers  in  brackets  give  the 

weight  of  lead  found  as  peroxide  on  the  anode  (dried  only  by  alcohol 

and  ether).    In  all  these  experiments  the  cadmium  was  deposited  until 

constant  in  weight. 

A'olts 


anode- 

Volts 

Time  in 

No. 

Taken. 

Found. 

Amps. 

cathode.* 

auxiliary. 

Temp.  *  m 

dilutes. 

1. 

0-3886  Bi 

0-3878  Bi 

3-0-2 

1-7 

0-43—0-55 

80° 

10 

0-3887  Cd 

0-3880  Cd 

2 

2-7 

— 

cold 

18 

2. 

0-3886  Bi 

0-3886  Bi 

3—0-2 

— 

0-60-0-70 

boiling 

7 

0-3887  Cd 

— 

— 

— 

— 

— 

— 

3. 

0-3886  Bi 

0-3867  Bi 

3-0-2 

1-4 

0-60—0-70 

boiling 

7 

0-3887  Cd 

0-3905  Cd 

-J 

3 

— 

cold,  then 
boiling 

19 

4. 

0-3886  Bi 

0-3884  Bi 

3—0-2 

1-6 

0-60—0-75 

80" 

10 

0-3887  Cd 

0-3862 

— 

— 

— 

— 

— 

5. 

0-2848  Pb 

0-2841  Pb 
(0-5  nig.) 

3—1-8 

2-7 

0-80—0-90 

70° 

12 

0-3752  Cd 

0-3771  Cd 

3 

3-8—4-5 

1-40—2-00 

cold 

55 

6. 

0-2848  Pb 

0-2846  Pb 
(1-0  mg.) 

3—1-2 

■ — 

0-83- 0-90 

80 

10 

0-3752  Cd 

0-3787  Cd 

3 

3-5 

— ■ 

cold,  then 
boiling 

55 

*  Rough  values 

Zi?ic  and  its  Separation  from  all  the  Preceding  Metals,  and  the  Electro- 
lytic Destruction  of  Nitric  Acid  in  Solution. 

It  appears  that  the  potential  at  which  zinc  is  deposited  from  all  its 
solutions  is  too  high  to  allow  it  to  be  quantitatively  estimated  in  the 
presence  of  nitrates.  When  the  solution  contains  nitric  acid,  the 
latter  must  therefore  be  removed,  before  the  precipitation  of  the  zinc, 
either  by  evaporation  with  sulphuric  acid  or  by  reduction  to  ammonia. 
The  former  process  is  somewhat  lengthy,  and  besides  would  be  quite 
unsuitable  in  the  presence  of  considerable  quantities  of  organic  sub- 
stances such  as  glucose  or  tartaric  acid.  A  series  of  experiments  was 
therefore  carried  out  for  the  purpose  of  determining  the  most  suitable 
conditions  for  the  rapid  electrolytic  reduction  of  nitric  acid  to 
ammonia. 
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It  was  shown  by  \juckow  (Zeiisch.  anal.  Cheni.,  1880,  19,  11)  that  the 
presence  of  copper  on  the  cathode'  catalytically  causes  this  reduction 
to  take  place  when  an  electric  current  is  passed  through  a  solution 
containing  nitric  and  sulphuric  acids,  and  since  that  time  several 
investigations  have  been  carried  out,  mainly  with  the  object  of  employ- 
ing this  reaction  for  the  estimation  of  nitric  acid  (see  Vortmann,  Ber., 
1890,  23,  2798) ;  Ulsch  {Zeitsch.  Elektrochem.,  1897,  3,  546);  Ingham 
{J.  Amer.  Chem.  Soc,  1904,  26,  1251). 

The  method  chosen  in  the  present  investigation  consisted  in  deposit- 
ing about  0'3  gram  of  spongy  copper  on  the  cathode.  A  sulphuric 
acid  solution  was  employed  for  this  purpose  containing  a  large  quantity 
of  glucose,  and  the  copper  was  deposited  by  a  strong  current  in  the 
cold,  the  stirrer  moviug  slowly.  This  operation  could  be  effected 
either  in  the  electrolyte  containing  the  nitric  acid  or  in  a  separate 
solution.  The  reduction  of  the  nitric  acid  was  effected  slightly  below 
the  boiling  point  of  the  solution  by  a  strong  current,  the  .stirrer 
moving  slowly.  It  is  possible  to  follow  the  process  by  means  of  the 
auxiliary  electrode,  the  potential  of  which  rises  from  about  0-5  to  0'8 
or  0'9  volt  as  the  nitric  acid  is  destroyed.  The  disappearance  of  the 
latter  may  be  ascertained  by  the  diphenylamiue  test. 

Example. — Spongy  copper  was  deposited  from  250  c.c.  of  a  solution 
containing  0*3  gram  of  copper  as  sulphate,  Ti  c.c.  of  concentrated 
sulphuric  acid  and  15  grams  of  glucose,  by  a  current  of  10  amperes  in 
three  minutes. 

The  reduction  of  1  c.c.  of  concentrated  nitric  acid  iu  100  c.c.  of 
water  containing  2  c.c,  of  concentrated  sulphuric  acid  took  place  by 
means  of  the  electrode  prepared  thus  in  twenty-three  minutes  slightly 
below  the  boiling  point  of  the  solution  with  a  current  of  10  amperes. 
During  this  process  the  potential  of  the  auxiliai-y  electrode  rose  from 
0"52  to  0'80  volt.     The  stirrer  was  moving  slowly. 

Zinc. — For  the  determination  of  zinc,  Exner  (loc.  cit.)  recommended 
acetate  and  sodium  zincate  solutions.  The  only  electrolyte  employed 
in  the  pre.sent  investigation  was  an  acetate  solution  containing  a  small 
amount  of  free  acetic  acid.  Alkali  sulphates  were  always  added,  as 
these  may  be  considered  to  be  present  in  all  practical  cases.  It  was 
found  ditficult  to  deposit  the  last  traces  of  zinc  at  temperatures  much 
above  30°.  As  the  electrolyte  is  usually  heated  above  this  tempera- 
ture in  consequence  of  the  passage  of  the  current,  the  beaker  was  in 
some  of  the  experiments  placed  in  a  large  dish  containing  cold  water. 
The  results  show  a  slight  tendency  to  be  high. 

Experiments. — A  weighed  quantity  of  purest  zinc  was  dissolved  in 
sulphuric  acid,  the  slight  residue  iiltered  oft",  weighed,  and  found  almost 
negligible  ;  the  solution  was  made  up  to  a  known  volume  and  measured 
quantities  taken. 


DEPOSITION   AND   SEPARATION   OF   METALS.      PART    I.       405 

In  each  expei'iment  sulphuric  acid  was  first  added  to  the  solution  ;  it 
was  then  made  strongly  alkaline  with  either  sodium-  or  ammonium- 
hydroxide  and  then  acidified  with  acetic  acid.  In  a  few  cases 
ammonium  acetate  was  also  added.  The  quantities  taken  are  given  in 
the  following  table.  In  the  table  of  results,  the  second  number  under 
zinc  found  represents  the  value  obtained  on  depositing  the  metal  to 
constant  weight.  For  all  these  experiments  the  cathode  was  plated 
with  copper  : 


Concentratei 

I       Glacial 

H.,so,        : 

STaOH 

NH,-OH 

HAc 

NH.Ac 

No. 

in  c.c.           in 

grams. 

in  c.c. 

in  c.c. 

in  giains. 

1. 

n 

H 

— 

U 

— 

2. 

n 

H 

— 

9 

— 

3. 

3 

H 

— 

n 

— 

4. 

U 

— 

10 

8 

— 

5. 

H 

— 

10 

8 

— 

6. 

n 

— 

3* 

li 

u 

7. 

n 

4* 

Volts 
anode- 

2i 
Volts 

2i 

Time  in 

No. 

Zn  taken. 

Zn  found. 

Amps. 

cathode. 

auxiliary. 

Temp. 

minutes. 

1. 

0-6175 

0-6168 

g 

4—4-0 

— 

cold 

30 

2. 

0-4913 

0-4957 

3 

3-8—4 

1-45—1-70 

18 

3. 

0-2529 

0-2540 

3—4 

3-6—4-2 

1-45—1-50 

13 

4. 

0-4943 

CO-4944) 
\0-4957/ 
rO-4946) 
\0-4953/ 

3 

3-8—4-3 

1-50—1-55 

20  +  10 

5. 

0-4943 

3 

3-8— 4-3 

— 

20  +  10 

6. 

0-4943 

0-4944 

3 

— 

— 

30 

7. 

0-4943 

r0-4938\ 
1  0-4945 r 

3—4 

3-6-4-2 

— 

20  +  10 

Separation  from  the  i^^'eceding  Metals. — As  is  known,  there  is  no 
difficulty  in  separating  zinc  from  the  majority  of  the  preceding  metals 
in  consequence  of  the  high  potential  required  for  its  deposition. 
Cadmium  being  the  metal  preceding  it  in  the  electropotential  series,  a 
sepai-ation  from  this  metal  in  acid  solution  involves  the  separation 
from  all  the  others.  It  was  stated  by  Freudenberg  (loc.  cit.)  that  a 
separation  of  cadmium  from  zinc  could  be  effected  in  alkaline  cyanide 
solutions,  but  for  the  reasons  stated  above  (p.  401),  it  seems  doubtful 
whether  trust  can  be  placed  on  a  method  of  this  kind. 

Several  successful  experiments  were  cari-ied  out  in  which  cadmium 
was  separated  from  zinc  in  a  weak  acetic  acid  solution  at  a  potential 
of  the  auxiliary  electrode  limited  to  1-20  volts.  Attention  should, 
however,  be  drawn  here  to  two  experiments  in  which  the  cadmium 
contained  some  zinc,  and  I  have  not  yet  succeeded  in  explaining  them. 
The  experiments  were  Nos.  4  and  5  of  p.  400  in  the  paragraph  on  the 
separation  of  seven  metals  from  one  solution.  The  conditions  were  a 
low  temperature  (about  15 — 20°)  and  a  slightly  rough  cathode  as  a 
result  of  dissolving  the  combined  metals  cadmium  and   zinc  imme- 
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diately  before  the  deposition  of  the  cadmium,  possibly  also  as  a  result, 
of  the  presence  of  a  trace  of  spongy  copper.  This  led  to  a  consider- 
able evolution  of  hydrogen  at  the  potential  at  which  the  cadmium  was 
deposited. 

Our  present  knowledge  will,  so  far  as  I  can  see,  not  afford  an 
explanation,  but  the  following  interpretation  may  be  put  forward 
tentatively  as  the  result  of  a  preliminary  experiment.  If  hydrogen  is 
liberated  simultaneously  with  zinc,  the  latter  may  be  deposited, 
especially  at  low  temperatures,  at  a  much  lower  potential  than  that  at 
which  it  is  in  equilibrium  with  its  solutions.  The  metal  is  probably 
deposited  primarily  as  a  hydride  at  a  potential  intermediate  between 
the  equilibrium  potentials  of  hydrogen  and  zinc.  In  the  two  experi- 
ments referred  to,  the  electrode  with  the  cadmium  was  replaced  in  the 
solution  from  which  the  latter  had  been  deposited,  so  that  the  greater 
part  of  the  metal  passed  into  solution  again.  It  was  then  re- 
deposited  at  about  30°,  giving  the  correct  result  quoted  on  p.  410. 

Experiments. — The  following  reagents  were  added  to  the  electrolyte. 
In  Nos.  1  and  2,  2  c.c.  of  concentrated  sulphuric  acid,  3^  grams  of 
sodium  hydroxide,  and  1  c.c.  of  glacial  acetic  acid  ;  in  Nos.  3  and  4, 
2  c.c.  of  concentrated  sulphuric  acid,  4  grams  of  sodium  hydroxide, 
1  gram  of  ammonium  acetate,  and  lA  c.c.  of  glacial  acetic  acid  : 


Volts 

anode- 

Volts 

Time  in 

No. 

Taken. 

Found. 

Amps. 

cathode.* 

auxiliary. 

Temp.  * 

minutes. 

1. 

0-0777  Cd 

0-0778  Cd 

2—0-8 

2-7 

1-15—1-20 

cold 

11 

0-4943  Zii 

0-4938  Zn 

4 

4-5 

— 

J , 

20 

2. 

0-0777  Cd 

0-0770  Cd 

2-4—1 

3—2-6 

1-15—1-20 

30° 

12 

0-4943  Zii 

0-4958  Zn 

3 

4-3 

— 

— 

25 

3. 

0-0777  Cd 

0-0770  Cd 

2—0-5 

— . 

1-15- 1-20 

35 

12 

0-2514  Zn 

. 

— 

— 

— 

— 

— 

4. 

0-0777  Cd 

0-0775  Cd 

1-2—0-3 

3—2-6 

1-15— 1-20 

37 

12 

0-2514  Zn 

— 

— 

— 

— 

— 

— 

*  Ronffh  values. 

The    Rajnd    Sejyaration   of  more    than    Two    Metals  from 
One   Solution. 

The  difficulties  met  with  in  the  rapid  separation  of  a  large  number 
of  metals  from  one  solution  are  twofold.  Firstly,  the  solution  may 
become  so  much  diluted  by  the  wash-waters  that  it  may  be  necessary 
to  concentrate  it  by  evaporation,  involving  loss  of  time.  Secondly,  a 
more  serious  difficulty  is  met  with  when  large  quantities  of  organic 
substances  are  present  which  by  their  oxidation  may  lead  to  the 
formation  of  compounds  which  either  by  chemical  combination  or 
owing  to  their  viscid  nature  may  retard  the  deposition  of  the  other 
metals.  As  a  rule,  it  will  therefox-e  be  found  best  to  precipitate  more 
than  one  metal  at  a  time  and  redissolve  and  separate  the  mixtui'e. 
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If  possible,  the  use  of  organic  substances  should  be  avoided  in 
those  solutions  from  which  more  than  two  metals  are  to  be  pre- 
cipitated. The  records  of  the  following  expei'iments  will  illustrate 
these  i^emarks. 

a.  Three  Metals  in  One  Solution.     Lead,  Cadmium,  and  Zinc. 

In  experiment  1  a  solution  of  the  nitrates  was  taken  containing 
about  0"2  c.c.  of  free  nitric  acid,  15  grams  of  glucose  were  added  and 
the  lead  was  precipitated  as  metal  on  the  cathode  (p.  402).  The 
potential  of  the  auxiliary  electrode  was  taken  to  0"90  volt,  and  the 
duration  of  the  experiment  was  seven  minutes.  The  number  in  brackets 
was  the  amount  found  on  the  anode  as  peroxide.  The  nitric  acid  was 
then  destroyed  (p.  404)  in  twenty-seven  minutes,  2  c.c.  of  concen- 
trated sulphuric  acid  and  0*3  gram  of  copper  as  sulphate  having  been 
added  to  the  electrolyte.  After  the  reduction  of  the  nitric  acid,  the 
electrode  was  allowed  to  stand  for  several  minutes  in  the  acid  liquid 
to  allow  any  cadmium  which  might  have  been  precipitated  on  the 
copper  to  pass  into  solution.  The  liquid  was  then  filtered  from 
particles  of  the  spongy  copper  which  had  fallen  off  the  electrode. 
Traces  of  copper  which  had  gone  into  solution  were  deposited  on  the 
cathode  in  five  minutes  at  a  potential  of  the  auxiliary  electrode  of 
0'40  to  0"60  volt.  The  free  sulphuric  acid  was  then  replaced  by  acetic 
acid  by  the  addition  of  6|  grams  of  sodium  hydroxide  and  2  c.c.  of 
glacial  acetic  acid,  and  the  cadmium  and  zinc  precipitated  together 
from  the  cooled  liquid.  The  combined  precipitate  was  then  dissolved 
in  a  solution  to  which  1*2  c.c.  of  concentrated  sulphuric  acid  was 
gradually  added,  and  the  cadmium  deposited  after  the  addition  of 
3^  grams  of  sodium  hydroxide  and  3^  c.c.  of  glacial  acetic  acid.  The 
potential  of  the  auxiliary  electrode  was  taken  to  1"20  volts,  and  the 
duration  of  the  experiment  was  twelve  minutes.  From  the  remaining 
liquid  the  zinc  was  deposited  by  3  amperes  in  half  an  hour.  Experi- 
ment 2  is  an  earlier  determination  in  which  all  the  metals  were 
deposited  in  succession  from  the  same  liquid  : 

Pb.  Cd.  Zn. 

Taken    0-1424  0-938  0-2574 

Found,  No.  1    ...         0-1416  (1-0  ing.)  0-948  0-2581 

Found,  No.  2    ...         0-1424  (1-7  mg.)  0-936  0-2605 

b.    Four    Metals    in    One  Solution.     Copper,   Bismuth,    Lead,    and 

Cadmium. 

Experiment  3. — A  solution  of  the  nitrates  was  taken  containing 
nearly  1  c.c.  of  free  nitric  acid.  The  solution  was  first  electrolysed 
at    60°,   the  potential  of  the  auxiliary  electrode   being   taken    from 
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0-35 — 0"55  volt.  Practically  the  whole  of  the  lead  and  part  of  the 
bismuth  were  deposited  on  the  anode,  and  all  the  copper  and  the  rest 
of  the  bismuth  on  the  cathode.  As  the  current  did  not  fall  to  zero,  a 
much  longer  time  than  was  probably  necessary  for  the  deposition, 
namely,  twenty  minutes,  was  employed.  The  cathode  was  then 
weighed,  and  the  bismuth  in  the  deposit  determined  according  to  the 
cyanide-tartrate  method  (p.  396),  the  electrolysis  being  continued  for 
nineteen  minutes.  This  gave  the  weight  of  the  copper  by  difference. 
Before  this  determination  the  deposit  on  the  anode  had  been  com- 
pletely dissolved  in  a  solution  containing  2  c.c.  of  concentrated  nitric 
acid  and  20  grams  of  tartaric  acid  at  slightly  below  the  boiling  point, 
and  from  this  liquid  the  remaining  bismuth  was  deposited  on  the 
first  portion  according  to  experiments  5  and  6,  p.  400.  The  lead  was 
next  deposited  as  metal  (p.  400,  No.  6),  and  the  result  checked  by 
dissolving  it  in  nitric  acid  and  depositing  on  the  anode  (second  figure 
given). 

In  the  liquid  remaining  from  the  first  operation,  the  cadmium  was 
determined  according  to  experiment  6,  p.  403.  It  was  then  dissolved 
in  nitric  acid  and  the  trace  of  lead  present  deposited  on  the  anode. 
The  correction  found  for  lead  amounted  to  0"8  milligram  : 


Taken 
Found 


Cu. 

Bi. 

Pb. 

Cd. 

0-3682 

0-1554 

0-1424 

0-0938 

0-3702 

0-1534 

0-1438 
0-1427 

0-0945 

c.  Seven  Metals  in  one  Solution.       Silver,  Mercury,  Copper,  Bismuth, 
Lead,  Cadmitim,  and  Zinc. 

Experiment  4. — In  this  experiment,  much  difficulty  was  experienced 
from  the  causes  outlined  above.  It  was  attempted  to  prevent  the 
precipitation  of  the  lead  on  the  anode  by  the  addition  of  16  grams  of 
glucose  at  the  beginning  of  the  experiment.  The  silver  and  mercury 
were  first  precipitated  together  and  then  separated  from  each  other  as 
described  on  p.  390,  the  potential  of  the  auxiliai-y  electrode  being  taken 
to  0-15  volt,  and  the  mercury  employed  for  plating  the  cathode  amount- 
ing to  about  2|  grams.  From  the  remaining  liquid,  the  copper  and 
bismuth  were  precipitated  together  and  then  separated  as  described  on 
p.  396.  Owing  to  the  pi'esence  of  the  glucose,  both  the  first  deposits 
were  somewhat  loose.  In  consequence,  small  particles  of  metal  were 
seen  in  the  wash- waters.  These  were  filtered  off,  dissolved  in  nitric 
acid  added  to  the  original  solutions,  and  corrections  made  by  precipi- 
tating the  traces  left  in  the  same  way  as  the  first  two  deposits.  The 
corrections  were  1'6  and  3-6  milligrams.  After  this,  the  solution  had 
become  so  dilute  that  it  was  thought  advisable  to  concentrate  it  by 
partial  evaporation.     It  had,  however,  become  so  much  charged    with 
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decomposition  products  of  the  sugar  that  the  lead  was  not  completely 
deposited  at  its  proper  potential.  The  nitric  acid  in  the  solution 
was  reduced  electrolytically  as  described  on  p.  404,  and  all  the 
remaining  metals  were  precipitated  as  completely  as  possible.  The 
deposit  thus  obtained  was  dissolved  in  sulphuric  acid  and  the  cadmium 
separated  from  the  zinc  (see  p.  405).  The  results  for  cadmium 
marked  with  an  asterisk  in  experiments  4  and  5  are  the  second 
obtained,  the  first  having  been  nearly  a  centigram  too  high  in  both 
cases.  This  was  probalily  a  result  of  the  rough  surface  of  the 
electrode  left  after  the  solution  of  the  zinc  combined  with  the  low 
temperature  employed.  All  the  zinc  was  not  precipitated,  the 
presence  of  the  large  amount  of  decomposition  products  of  the 
sugar  having  evidently  made  its  complete  deposition  impossible. 
The  amount  obtained  is  the  first  number  on  the  table.  It  was  then 
attempted  to  obtain  the  remainder  by  adding  ammonia  and 
ammonium  sulphide  to  the  solution  and  allowing  it  to  stand  for 
several  days  at  about  40°.  The  small  amount  of  sulphide  which 
separated  out  was  collected  and  the  zinc  determined  electrolytically, 
the  weight  being  added  to  the  first  result  (second  number  given). 
Even  with  this  coi-rection  the  result  is  low.  The  copper  employed 
for  the  electrolytic  reduction  of  the  nitric  acid  and  the  cadmium 
were  both  examined  electrolytically  for  lead.  In  the  former,  2 "3 
milligrams  were  found,  and  this  number  was  added  to  the  result 
originally  obtained,  giving  the  number  quoted. 

Experiment  5. — The  amount  of  free  concentrated  nitric  acid 
present  in  the  solution  was  again  slightly  less  than  1  c.c.  No 
organic  substance  was  added  to  the  electrolyte,  but  the  separation 
was  carried  out  in  a  manner  similar  to  experiment  3  on  p.  407. 
In  the  first  deposition,  the  potential  of  the  auxiliary  electi'ode  was 
taken  to  0'15  volt  in  a  boiling  solution.  This  gave  the  silver  and 
mercury  on  the  cathode  and  hardly  any  lead  on  the  anode.  The 
cathode  was  plated  with  mercury  for  this  deposition  as  in  the 
previous  experiment.  The  second  deposition,  in  which  the  potential 
of  the  auxiliary  electrode  was  taken  to  0*55  volt,  gave  nearly  all 
the  lead  and  part  of  the  bismuth  on  the  anode,  all  the  copper  and 
the  rest  of  the  bismuth  on  the  cathode.  These  deposits  wei'e 
treated  as  in  experiment  3.  The  nitric  acid  was  reduced  electroly- 
tically, and  the  zinc  and  cadmium  first  deposited  together  and  then 
separated  as  in  the  preceding  experiment  4.  The  same  difiiculty 
was  again  met  with.  The  traces  of  lead  which  did  not  separate 
at  the  anode  in  the  second  deposition  were  recovered  electrolytically 
as  peroxide  from  the  cadmium. 

Experiment  6. — This  experiment  was  carried  out  as  No.  5,  but 
the  roughening  of  the  cathode  immediately    before  the  precipitation 
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of  the  cadmium  which  arose  out  of  the  method  of  working  in  the 
preceding  experiments  was  avoided.  After  the  deposition  of  the 
copper,  bismuth,  and  lead,  the  nitric  acid  was  expelled  by  evapor- 
ating the  electrolyte  almost  to  dryness  on  the  water-bath  with 
3  c.c.  of  concentrated  sulphuric  acid.  In  the  residue,  the  cadmium 
and  zinc  were  determined  as  described  on  p.  405.  In  experiments  5 
and  6,  the  results  for  lead  were  checked  by  dissolving  the  metal 
and  redepositing  it  as  peroxide.     Both  numbers  are  quoted. 

No  difficulty  was  encountered  in  experiment  6.  The  times  of 
deposition  were :  silver  jdus  mercury,  10  minutes  ;  silver,  8  minutes  ; 
lead  and  part  of  the  bismuth  on  the  anode,  copper  and  the  rest  of 
the  bismuth  on  the  cathode,  15  minutes;  separation  of  the  bismuth 
fi'om  the  combined  deposits  of  copper  and  bismuth,  15  minutes ;  separ- 
ation of  the  rest  of  the  bismuth  from  the  combined  peroxides  of  lead 
and  bismuth,  10  minutes;  lead  as  metal,  7  minutes;  as  peroxide, 
10  minutes;  cadmium,  15  minutes;  zinc,  15  minutes;  examination  of 
the  cadmium  for  traces  of  lead,  5  minutes. 


Results  of  Experiments  4, 

5,  and  6. 

^0 

4. 

Tciken.. 
Found.. 

Ag  +  Hg. 
0-2244 

0-2231 

Ag. 
0-1078 

0-1099 

Cu. 
0-1841 

0-1861 

Bi. 

0-1554 

0-1557 

Pb. 
0-1424 

0-1401 

Cd. 
0-0938 
0-0949^ 

Zn. 

0-1287 

,ro-ii75 

\0-1228 

Taken.. 

0-2244 

0-1078 

0-3682 

0-1554 

0-1424 

0-0938 

0-1287 

5. 

Found.. 

0-2247 

— 

0-3696 

0-1552 

/0-1461\ 
\0-1429/ 

0  0935 

*   0-1289 

6. 

Found.. 

0-2249 

0-1098 

0-3682 

0-1548 

/0-1455\ 
\0-144l/ 

0-0935 

0-1311 

In  conclusion,  it  should  be  again  pointed  out  that  the  electrodes 
here  described  may  be  used  without  an  auxiliary  electrode  in  all  the 
cases  of  separation  by  graded  potential  which  give  trustworthy  results 
by  the  slow  methods  hitherto  known.  Owing  to  their  small  resist- 
ance, they  allow  a  current  to  be  employed,  even  under  this  condition, 
which  is  sufficient  to  permit  the  metals  to  be  deposited  in  a  small 
number  of  minutes. 

A  part  of  the  expense  incurred  in  this  investigation  has  been 
met  by  a  grant  awarded  by  the  Government  Grant  Committee  of 
the  Royal  Society,  for  which  the  author  desires  to  express  his 
thanks. 

University  College, 
Nottingham. 
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XLII. — Derivatives   of  Naphthacenequinone. 

By  William  Henry  Bentley,  Arthur  Friedl,  Frederick  Thomas,  and 
Charles  Weizmann. 


Introduction. 

1-Hydroxynaphthacenequinone  was  first  prepared  by  the  action  of 
sulphuric  and  boric  acids  on  a  mixture  of  phthalic  anhydride  and 
a-naphthol  (Deichler  and  Weizmann,  £er.,  1903,  36,  547),  the  reaction 
proceeding  in  two  stages  with  the  intermediate  formation  of  hydx'- 
oxynaphthylbenzoic  acid  : 

OH  CO    OH 


\/ 


CO 
CO 


>o  + 


CO    OH 


-  H,0 


/10\ 


\   7 


CO    OH 


CO 


\   6   /\   5 
\/        \/ 


In  view  of  the  analogy  existing  between  hydroxynaphthacenequinone 
and  hydroxyanthraquinone,  it  seemed  of  great  interest  to  us  to  study  the 
effect  of  substituent  groups  in  both  the  naphthalene  and  the  benzene 
nucleus  of  1-hydroxynaphthacenequinone. 

With  this  object  we  have  prepared  numerous  derivatives,  firstly  by 
direct  substitution  in  1-hydroxynaphthacenequinone  itself  (or  in 
a-hydroxy-/?-naphthoylbenzoic  acid),  and  secondly  by  the  condensation 
of  derivatives  of  phthalic  anhydride  with  derivatives  of  a-naphthol. 

The  present  communication  deals  mainly  with  the  hydroxy-  and 
amino-derivatives  of  1-hydroxynaphthacenequinone,  and  our  study  of 
these  compounds  has  led  us  to  the  general  conclusion  that  the  substitu- 
ent auxochromic  group  exerts  a  much  greater  influence  on  the  colour 
when  in  the  naphthalene  than  when  in  the  benzene  nucleus  of  the 
naphthacenequinone  molecule.  This  is  at  once  apparent  when  the 
colour  of  the  caustic  alkaline  solutions  of  the  hydroxynaphthacene- 
quinone is  observed.     Thus  the  alkaline  solution  of 

O     OH 


is  bluish-red 
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0  OH 

of          I        I  I         I         I  is  yellowish-red 

OH  O 

0  OH 

of          I        I  I        I        I  is  deep  bluish-violet 

O  OH 

0  OH 


of 


I  is  red 


OH  0  OH 

O      OH 


and  of 


is  indigo-blue. 


O      OH  OH 


it  would  appear  that  in  the  benzene  nucleus,  the  introduction  of  a 
hydroxy!  group,  instead  of  increasing,  actually  has  a  weakening  effect 
.on  the  colour  of  naphthacenequinone  derivatives. 

So  far  as  the  naphthalene  nucleus  is  concerned,  the  amino-group  acts 
like  the  hydroxyl  group  in  deepening  the  colour,  but  we  have  not  yet 
studied  its  effect  when  substituted  in  the  benzene  nucleus. 

\-Aminonaphthacenequinone  was  found  easy  to  prepare  by  the  action 
of  ammonia  on  1-hydroxynaphthacenequinone  at  200°. 

l-Amino-6-hychoxy7iaphthacenequinone  was  obtained  by  elimination  of 
water  from  aminohydroxynaphthoylbenzoic  acid.  The  latter  can  be 
easily  prepared  by  reducing  the  benzeneazo-derivative  of  hydroxy- 
naphthoylbenzoic  acid  : 


^6^4^QQ  2;^CioH5< 


OH 


c- 


COoH 
CO>c.H.<°^" 


Cio'H5< 


OH 
NHo 


-^ 


NH, 


This  condensation  takes  place  with  considerable  ease,  it  being  only 
necessary  to  heat  the  acid  alone  or  with  a  solvent  of  high  boiling  point, 
such  as  nitrobenzene.  When  the  acid  is  heated  with  concentrated  sul- 
phuric acid  the  quinone  formed  is  sulphonated,  yielding  a  violet  dye- 
stuff.  This  dye-stuff,  when  fused  with  caustic  potash,  yields  a  trihy- 
droxynaphthacenequinone,  the  amino-group  being  replaced  by  hydroxyl. 

1-Hydroxynaphthacenequinone,  although  not  affected  by  chlorine  at 
low  temperatures,  yields    a    monochloro-derivative,  at    temperatures 


DERIVATIVES   OF    NAPHTHACENEQUINONE.  413 

between  200°  and  300°,  which  is  probably  \-chloro-&-hydroxynaphthacene- 
quinone.  This  substance  when  boiled  with  aniline  yields  an  anilino- 
derivative  which  dissolves  in  sulphuric  acid,  forming  a  reddish-yellow, 
fluorescent  solution  indicating  the  possible  formation  of  an  acridine 
derivative. 

Anilinohydroxynaphthacenequinone  forms  dark  brown  crystals  of 
a  metallic  lustre,  and  on  treatment  with  acetic  anhydride  yields  a  yellow 
diacetyl  derivative  : 

Considerable  difficulty  was  experienced  in  the  nitration  of  1-hydroxy- 
naphthacenequinone,  the  product  usually  consisting  of  an  intimate  mix- 
ture of  nitro-compounds  which  could  only  be  separated  by  tedious 
methods. 

The  presence  of  boric  acid,  however,  during  the  nitration  led  to  the 
formation  of  a  much  simpler  product,  and  in  this  way  dinitrohydroxy- 
naphthacenequinone  was  readily  obtained  pure.  The  restraining 
influence  of  boric  acid  is  very  remarkable,  and  is  known  to  be  of  con- 
siderable importance  in  the  manufacture  of  alizarin  derivatives.  It  is 
probably  due  to  the  formation  of  a  boric  ester.  When  this  dinitro-com- 
pound  is  boiled  with  aniline  it  loses  one  nitro-group,  with  the  formation 
of  the  corresponding  anilino-derivative  : 

C6H4<QQ>CioH5*OH  — >  ^'6H4<^CO^^io^3'^(NO^)  (2  :  6  ?)  ~^ 
"^a^i^QQ^'^ia^zV^"-)  \NHPh(6  V) 

When  treated  with  concentrated  sulphuric  acid,  dinitrohydroxy- 
naphthacenequinone  yields  a  mixture  of  blue  and  violet  dye-stuffs  which 
belong  to  the  class  of  aminohydroxynaphthacenequinones  and  are 
similar  to  the  compounds  obtained  when  dinitroanthraquinone  is  treated 
with  sulphuric  af'id.  The  separation  and  examination  of  these  interest- 
ing derivatives  will  be  the  subject  of  a  future  publication. 

When  3  methoxyphthalic  anhydride  and  a-naphthol  are  fused  with 
boric  acid  condensation  takes  place,  and  r-hydroxy-3(6)-methoxy-2-/8- 
naphthoylbenzoic  acid  (m.  p.  210 — 215°)  is  produced.  This  acid 
dissolves  in  warm  sulphuric  and  boric  acids  with  elimination  of  water 
and  formation  of  the  quinone,  as  is  seen  by  the  deep  brown  colour. 
This  colour  changes,  on  further  heating,  to  a  reddish-violet,  and  the 
solution    becomes    strongly    fluorescent,    a    change    which    is    due    to 


~> 
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hydrolysis,  to  1  :  7(10)-dihydroxynaphtbacenequinone  (m.  p.  280 — 300°) 
in  sulphuric  acid  solution  : 

MeO-C6H3<^,J^>0  +  CjoH^-OH  =  MeO-C,H3<^^~\C,oHe-OH 

MeO-C,H3<g^>C,oH,-OH     -^ 

(7  or  10)HO.CeH3<^^>0,oH5-OH(l). 

In  a  similar  manner,  4-hydroxyphthalic  acid  yields  4(5):l'-dihydroxy- 
2-y8-naphthoylbenzoic  acid  (m.  p.  215 — 216°),  which  condenses  when 
heated  with  boric  and  sulphuric  acids  to  the  corresponding  1  :  8(9)-di- 
hydroxynaphthacenequinone  : 

HO-C6H3<^g;^CioH,.OH    -^ 

(8  or  9)HO-CeH3<g^>CioH,-OH(l) 

(compare  Levinsohn,  "Acides  Oxynaphthoylbenzoiques,"  Genfeve,  1903). 
A{5):V-I)ih9/droxy-2-j3-naphthoylbenzoic  acid*  is  readily  methylated 
with  dimethylsulphate  and  caustic  potash,  yielding  4(5)  :  V-dimethoxy- 
naphthoylhenzoic  acid  (m.  p.  195 — 197°),  which  dissolves  in  warm 
sulphuric  and  boric  acids  with  condensation  and  partial  hydrolysis  to 
hyd7'oxymethoxynaphthacenequinone,  a  crystalline  yellow  powder  melting 
at  about  250°.     These  changes  may  probably  be  represented  thus  : 

HO-C,H3<^^^C,oH,-OH  -^  MeO.C,H3<^^^C,oH,.OMe  -^ 
8(9)MeO-CeH3<^^>C,oH,-OH(l). 

4(5) :  r-Dihydroxy-2-/3-naphthoylbenzoic  acid  combines  in  alkaline 
solvation  with  diazobenzene  chloride,  producing  an  azo-derivative  which, 
on  reduction,  yields  4'-amino-r  :  4(5)-dihydroxy-2-/?-naphthoylbenzoic 
acid.  This  amino-acid  easily  condenses  on  heating  alone  or  with  nitro- 
benzene, or  even  acetic  acid,  with  formation  of  aminodihydroxy- 
naphthacenequinone  : 

HO-C6H3<^Q^jj\CioH5<^^p^     -^ 

A'-Bromo-V  :  4:{5)-dihydroxy-'2-^-naphthoylbenzoic    acid    is     obtained 

/   3\/  \/  l'\/  8'  \ 

*  Method  of  nomenclature  :  Is       i|    _  ._      js'       |        e'l  • 

\    6    /COjH        \:4'  /\   5' 
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when  dihydroxynaphthoylbenzoic  acid  is  treated  with  bromine  in  the 
presence  of  carbon  disulphide  ;  when  heated  with  boric  and  sulphuric 
acids  to  180°,  it  evolves  hydrogen  bromide  and  bromine,  and  yields  a 
quioone  which  is  doubtless  trihydroxynaphthacenequinone  compare 
Orchardson  and  Weizmann,  Trans.,  1906,  89,  115): 

HO*CgH3<(^Q~^C^oH5<-g^    -^  HO-C6H3<^Q>CjoH^<g^.    -^ 
(9)HO.C,H3<gg>C,oH,<OHO). 

When  1  :  5-dihydroxynaphthalene  is  heated  with  phthalic  anhydride 
and  boric  acid,  it  yields  1' :  5'-dihydroxy-2-^-naphthoylbenzoic  acid 
(m.  p.  221°),  which  can  be  readily  methylateil  with  dimethylsulphate 
and  caustic  potash  with  the  formation  of  1' :  5'-dimethoxy-2-)8- 
naphthoylbenzoic  methyl  ester.  The  latter  on  hydrolysis  with 
caustic  potash  yields  1' :  5'-dimethoxy-2-/?-naphthoylbenzoic  acid 
(m.  p   209—210°). 

r  :  5'-Dihydroxy-2-^-naphthoylbenzoic 'acid,  when  heated  with  boric 
and  sulphuric  acids,  condenses  to  the  corresponding  quinone,  which 
at  the  same^  time  becomes  sulphonated,  whereas  1' :  5'-dimethoxy-2-/3- 
naphthoylbenzoic  acid,  under  similar  treatment,  condenses  without 
sulphonation,  but  with  the  hydrolysis  of  one  of  the  methoxy-groups  : 

^6^4<co>^  +  CioH,(OH)2  = 
^6H4<co^^^ioH5(OH)2     -^     C,H,<^g~\C%H,(OMe), 

I  ^  !  " 

CeH,<g^>C,oH3(OH),.S03H(4?)C,H,<^;^>C,oH,<oSe- 

Experimental. 
1  -A  minonaphthacenequinone. 

This  substance  is  easily  prepared  from  1-hydroxynaphthacene- 
quinone  either  by  heating  it  in  the  autoclave  with  strong  aqueous 
ammonia  to  200°  for  three  hours,  or  by  the  action  of  a  stream  of  dry 
ammonia  gas ''at  200 — 300°,  The  product  from  either  pi'ocess  is 
collected,  dried,  and  crystallised  from  nitrobenzene,  from  which  it 
separates  in  beautiful,  deep-brown  needles  (m.  p.  290 — 292°)  : 

0151 1  gave  04399  CO2  and  0-0502  H^O.     O  =  79-39  ;  H  =  3-69. 

0-2073     „     9-4  c.c.  at  15°  and  748  mm.     N  =  5-30. 

CigHj^OgN  requires  C  =  79-12;  H  =  4-03;  N  =  5-13  per  cent. 

\- Aminonaphthacenequinone  dissolves  easily  in  cold  concentrated 
sulphuric  acid  with  an  intense  bluish-red  colour,  and  is  precipitated 
unchanged    on    the    addition     of     water.       Treated     with     potassium 
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bichromate  in  acetic  acid  solution,  it  yields  a  yellow  substance  which 
dissolves  in  alcoholic  potash  with  a  red  colour  and  is  therefore  possibjy 
a  diquinone. 

l-Aminonaphthacenequinone  is  converted  into  an  orange  dye-stuff 
(on  mordanted  wool)  by  heating  with  fuming  sul[)huric  acid. 
Apparently  Liebermann  and  Kostanecki's  rule  {Ber.,  1901,  34,  2344; 
1902,  35,  11,490)  cannot  be  applied  to  the  naphthalenequinone  series, 
as  we  have  already  found  several  mordant  dye-stuffs  in  this  group 
which  do  not  contain  two  hydroxyls  in  the  ortho-position. 

^'-Amino-V-hydroxy-2-p-naphthoylbenzoic  acid, 

A  considerable  quantity  of  this  substance  was  obtained  by  the  re- 
duction of  benzeneazohydroxynaphthoylbenzoic  acid,  which  can  be  pre- 
pared in  the  following  manner. 

I'-Hydroxynaphthoylbenzoic  acid  (185  grams)  is  dissolved  in  water 
(2  litres)  containing  caustic  soda  (80  grams) ;  to  this  solution  (cooled 
to  5°)  is  added  during  continuous  agitation  a  solution  of  diazobenzene 
chloride  prepared  from  the  calculated  quantity  of  aniline  (59  grams). 
The  sodium  salt  of  the  azo-compound  separates  as  a  j^ellowish-i  ed 
precipitate  and  is  collected,  ground  into  a  paste  with  a  little  water 
and  mixed  with  a  solution  of  stannous  chloride  (285  grams)  in  con- 
centrated hydrochloric  acid  (750  c.c).  The  mixture  is  heated  on  the 
water-bath  for  several  hours,  when  the  colour  changes  to  grey.  The 
precipitate  is  then  collected,  washed  with  hydrochloric  acid  and 
afterwards  with  water.  In  order  completely  to  remove  tin  com- 
pounds the  product  is  dissolved  in  sodium  carbonate,  the  filtered 
solution  acidified  with  hydrochloric  acid,  and  the  grey  precipitate  col- 
lected and  purified  by  crystallising  from  alcohol : 

01 151  gave  0-2657  CO.^  and  0-0425  H.p.     C  =  62-96;  H  =  410. 

0-2132     „     7-8  c.c.  nitrogen  at  15°  and  746  mm.     N  =  4-20. 

0-1354     „     00737  AgCl.     Cl=13-47. 
CisH"i304N,HCl  requires    0  =  62-88;    H  =  4  08;   N  =  4-08;    CI  =  10-3 

per  cent. 

4:'-Amino-l'-h7/di'oxi/-'2-/3-naphthoylbemoic  acid  is  soluble  in  sodium 
carbonate  with  a  deep  brown  colour.  It  is  only  sparingly  soluble  in 
alcohol  or  benzene  ;  in  hot  acetic  acid  it  dissolves,  being  partly  con- 
verted into  the  quinone  (see  later). 


I 
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1  -A  mino-  %-hydroxynaphthacenequinone, 

C6H,<g^>C,oH,(OH)-NH,. 

This  substance  is  prepared  by  heating  the  foregoing  acid  with  twenty 
times  its  weight  of  nitrobenzene  in  a  reflux  apparatus.  As  the  boiling 
point  is  approached  the  liquid  becomes  dark-red  and  water  separates. 
By  employing  only  a  short  air  condenser  the  water  escapes,  and  when 
it  has  all  disappeared  the  liquid  is  filtered.  The  filtrate  on  cooling 
deposits  the  l-amino-6-hydroxynaphthacenequinone  in  beautiful,  violet 
crystals  possessing  a  green  metallic  lustre.  The  crystals  are  collected 
and  freed  from  nitrobenzene  by  extracting  several  times  with  boiling 
benzene  : 

0-1310  gave  0-3572  COg  and  0-0479  HgO.     C  =  74-37  ;  H  =  4-07. 
C18HJ1O3N  requires  C  =  74-74;  H  =  3-87  per  cent. 

l'Amino-6-hydroxi/naphthacenequinone  is  almost  insoluble  in  aqueous 
caustic  potash,  sparingly  soluble  in  alcoholic  potash  with  a  red-violet 
colour.  Ordinary  organic  solvents  dissolve  it  only  to  a  slight  extent. 
It  dissolves  unchanged  in  concentrated  sulphurig  acid  with  a  violet 
colour  ;  hot  fuming  sulphuric  acid  converts  it  into  a  sulphonic  acid 
which  dyes  chrome-  and  alum-mordanted  wool  violet  and  reddish-violet 
respectively. 

When  diazotised  in  concentrated  sulphuric  acid  and  boiled  with 
water,  dihydroxynaphthacenequinone  is  produced,  identical  with  the 
dihydroxynaphthacenequinone  described  by  Gabriel  and  Leupold  {Ber., 
1898,  31,  1279)  and  Deichler  and  Weizraann  {Ber.,  1903,  36,  547). 

Furthermore,  l-amino-6-hydroxynaphthacenequinone  is  identical 
with  that  prepared  by  Deichler  and  Weizmann  (loc.  cit.)  and 
Orchardson  and  Weizmann  (Trans.,  1906,  89,  121). 

TriJiydroxynaphthacenequinone,  G^^<^^^y^Q^^^{0^)^. 

l-A.mino-6-hydroxynaphthacenequinone  is  best  sulphonated  by  heat- 
ing it  with  boric  acid  (1  part)  and  fuming  sulphuric  acid  (3  parts 
of  acid  containing  60  per  cent,  of  SO3)  in  the  autoclave  to  180 — 185° 
for  two  hours.  The  product  is  poured  into  ice-water  and  precipitated 
by  the  addition  of  common  salt.  The  crude  acid  dissolves  in  water, 
forming  a  crimson-red  solution  with  a  violet  tint.  We  were  unable  to 
isolate  the  acid  in  a  sufficiently  pure  state  for  analysis.  When  fused  with 
caustic  potash,  it  yields  trihydroxynaphthacenequinone.  The  fusion  is 
carried  out  in  a  nickel  crucible  (1  part  of  acid,  3|  parts  of  caustic  potash) 
at  200 — 250°  until  the  violet  colour  of  the  aqueous  solution  changes  to 
a  pure  red.     The  product  is  dissolved  in  water,  acidified  with  hydro- 
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chloric  acid,  the  brown,  flocculent  precipitate  collected,  washed  with 
water,  dried,  and  crystallised  from  nitrobenzene,  from  which  it  separates 
in  deep-brown  crystals  with  a  green  metallic  lustre  : 

0-1522  gave  0-3934  00^,  and  0-0405  HgO.     C  =  70-5  ;  H  =  2-9. 
C'lgH^QO^  requires  C  =  70-6  ;  H  =  3-2  per  cent. 

Trihydroxynaphthacenequinone  is  very  sparingly  soluble  in  organic 
solvents;  it  dissolves  in  concentrated  sulphuric  acid  with  a  red  colour, 
in  aqueous  caustic  potash  with  a  beautiful  pure  red  shade  recalling 
that  of  purpurin ;  the  colour  fades  when  the  alkaline  solution  is 
allowed  to  stand.  It  dissolves  sparingly  in  a  solution  of  alum,  pro- 
ducing a  rose-coloured,  fluorescent  solution. 

1  -Chloro-^-hydroxynaj)hthacenequinone,  C^H^-^^p^/^CjqH^CI'OH (1). 

As  stated  in  the  introduction,  1-hydroxynaphthacenequinone  is  only 
attacked  by  chlorine  at  a  high  temperature,  and  we  have  found 
chlorination  is  conveniently  effected  in  the  following  manner. 
1-Hydroxynaphthacenequinone  is  loosely  packed  in  a  combustion  tube, 
heated  in  a  furnace  to  a  temperature  not  exceeding  300°,  and  a 
current  of  dry  chlorine  is  passed  through  the  tube.  The  course  of 
the  reaction  is  easily  followed  by  observing  the  partial  fusion  of  the 
product,  and  when  the  whole  of  it  is  pasty  it  is  removed  from  the 
tube  and  crystallised  from  nitrobenzene,  from  which  it  separates  in 
brown  needles,  but  after  further  recrystallisation  with  the  aid  of 
animal  charcoal  it  is  obtained  in  pale  yellow  needles  melting  at 
290—293°  : 

01668  gave  0-0794  AgCl.     Cl=  11-67. 

CjjjHgOgCl  requires  CI  =  11-50  per  cent. 

\-Chlorc-^-hydroxynaphthacenequinone  is  soluble  in  hot  nitrobenzene 
or  acetic  acid,  but  sparingly  so  in  hot  alcohol  or  benzene.  It  dissolves  in 
concentrated  sulphuric  acid  with  an  intense  red  colour.  Aqueous 
caustic  potash  scarcely  dissolves  it,  but  it  is  soluble  in  alcoholic 
potash  with  a  red  colour. 

Ghloroacetoxynaphthacenequinone,   O^i^pr^G^^^^^'OKc,  results 

when  the  foregoing  substance  is  boiled  with  acetic  anhydride  and  a 
little  zinc  chloride  until  solution  is  complete.  The  product  is  poured 
into  water  and  the  light  yellow  precipitate  collected,  washed  with 
water,  dried,  and  crystallised  from  nitrobenzene  or  acetic  acid,  in  which 
latter  it  is  only  sparingly  soluble.  It  melts  at  270 — 273°  and  is 
hydrolysed  by  boiling  with  aqueous  caustic  potash  or  concentrated 
sulphuric  acid. 
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l-Anilino-6-hydroxi/naphthacenequmone, 
C,H,<^^>C,oH,(OH)-NHPh. 

This  derivative  is  readily  produced  by  boiling  chlorohydroxy- 
naphthacenequinone  with  five  times  its  weight  of  aniline  for  an  hour. 
On  cooling,  and  especially  on  the  addition  of  alcohol,  the  product 
separates  in  beautiful,  deep  brown  crystals  with  a  metallic  lustre  : 

0-1084  gave  0-3131  CO2  and  0-0430  H2O.     0  =  78-77;  H  =  4-33. 

0-1862     „     7-0  c.c.  nitrogen  at  16°  and  764  mm.     N  =  4-40. 
O21HJ5O3N  requires  0  =  78-90  ;  H  =  4-ll  ;  N  =  3-84  per  cent. 

Anilinohydroxynaphthacenequinone  is  sparingly  soluble  in  alcohol 
or  acetic  acid,  readily  so  in  hot  aniline  or  nitrobenzene.  Its 
solution  in  alcoholic  potash  is  deep  blue-violet,  and  sulphuric  acid 
dissolves  it,  forming  a  red  solution,  which,  on  heating,  becomes  reddish- 
yellow  and  fluorescent,  doubtless  owing  to  the  formation  of  an  acridine 
derivative. 

When  boiled  with  acetic  anhydride  and  a  little  zinc  chloride,  the 
colour      changes       to       yellow      and      acetanilinoacetoxynaphthacene- 

quinone,  CQli^<C^Q'^C^f^'R^{OAcyi^AcVh  is  produced.     The  product 

is  poured  into  water,  collected,  washed  with  water,  dried,  and  crystal- 
lised from  acetic  acid  : 

0-1747  gave  0-4756  CO2  and  0-0655  HgO.     0  =  74-3  ;  H  =  4-17. 

0-1371     „     4-2  c.c.  nitrogen  at  15°  and  736  mm.     N  =  3-52. 
O28H13O5N  requires  0  =  74-83  ;  H  =  4-23  ;  N  =  3-12  per  cent. 

Dinitrohydroxynaphthacenequinone, 
C,H,<g^>CioH3(OH)(NO,)2  [NO, :  NO,  =  2  :  6  ?]. 

To  prepare  this  substance,  1 -hydroxy naphthacenequinone  is  dis- 
solved with  an  equal  part  of  boric  acid  in  concentrated  sulphuric  acid 
and  treated  with  an  excess  of  nitric  acid,  the  temperature  of  the  mix- 
ture being  kept  below  5°.  The  product  is  poured  into  water,  the  pre- 
cipitate collected,  washed  with  water,  dried,  and  purified  by  crystal- 
lising from  nitrobenzene,  from  which  it  separates  in  reddish-brown  crys- 
tals melting  at  275° : 

0-1185  gave  0-2538  COg  and  00310  H.p.     0  =  58-17;  H  =  2-90. 

0-1198     „     7-5  c.c.  nitrogen  at  21-5°  and  762  mm.     N  =  7-13. 
O^gHgO^N,  requires  0  =  59-34;  H  =  2-17  ;  N  =  7-69  per  cent. 

Dinitrohydroxynaphthacenequinone  dissolves  in  warm  sulphuric  acid 
with  a  brownish-yellow  colour ;  it  gives  with  caustic  soda  a  blue 
sodium  salt  which  is  sparingly  soluble  in  water. 
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When  boiled  for  a  few  minutes  with  acetic  anhydride  and  a  little 
zinc  chloride,  it  yields  dinitroacetoxt/naphthacenequiuone, 

CfiH4<co><^ioH3(NO,)2-OAc. 

This  is  obtained  pure  by  pouring  the  product  into  watei%  collecting 
the  precipitate,  washing,  drying,  and  crystallising  from  acetic  acid, 
from  which  it  separates  in  yellow  crystals  melting  at  276 — 278°  with 
effervescence : 

0-1026  gave  0-2310  CO^  and  00269  HgO.     0  =  58-71 ;  H  =  3-83. 

01 206     „     7-8  c.c.  nitrogen  at  15°  and  756  mm.     N  =  7'5. 
CaoHjoOgNg  requires  0  =  59-11;  H  =  2-46;  N  =  6-90  per  cent. 
It  is  sparingly  soluble  in  alcohol  or  benzene.     In  warm  sulphuric  acid 
it  dissolves  with  a  yellowish-red  colour. 

Mononitroanilinohydroxynaphthacenequinone, 

This  derivative  is  obtained  by  boiling  dinitrohydroxynaphthacene- 
quinone  with  aniline  until  the  red  colour  of  the  solution  has  changed 
to  a  bluish-violet.  On  cooling,  it  separates  in  black  crystals  with  a 
metallic  lustre,  and  is  purified  by  recrystallising  from  aniline  : 

0-1322  gave  0-3416  CO2  and  0-0402  HgO.     0  =  70-47  ;  H  =  3-38. 

0-1819     „     10-5  c.c.  nitrogen  at  14°  and  754  mm.     N  =  6-85. 
024H^405N2  requires  0  =  70-24 ;  H  =  3-41  ;  N  =  6-83  per  cent. 

Mononitroanilinohydroxynaphthacenequinone  dissolves  in  sulph- 
uric acid  with  an  intense  violet  colour.  It  is  insoluble  in  aqueous 
caustic  potash,  but  dissolves  in  alcoholic  potash,  yielding  an  intense 
blue  solution. 


1  '-Hydroxy-3{Q)-niethoxy-'2-(3-7iaphthoylbe7izoic  A cid, 
(3  or  6)MeO-06H3<^^~"^0,oHe-OH. 

This  acid  is  produced  by  heating  3-methoxyphthalic  anhydride 
(5  grams)  and  boric  acid  (15  grams)  in  a  porcelain  dish  until  partial 
fusion  takes  place,  then,  after  finely  powdering  the  mass,  mixing  with 
a-naphthol  (4  grams)  and  boric  acid  (10  grams)  and  reheating  to 
190 — 195°  for  about  an  hour.  The  fused  product  is  poured  into  water 
and  extracted  several  times  with  boiling  water  to  remove  boric  acid. 
The  residue  is  boiled  with  sodium  carbonate  and  animal  charcoal,  the 
liquid  filtered  and  acidified  with  hydrochloric  acid,  when  I'-hydroxy- 
3(6)-methoxy-2-/?-naphthoylbenzoic  acid  is  precipitated  in  yellow 
flocks.     This  acid  is  purified  by  crystallising  from  alcohol  or  benzene  : 
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0-1246  gave  0-3238  CO.,  and  0-0510  U.fi.     C  =  70-88;  H  =  4-55. 

C19H1P5  requires  C  =  70-81  ;  H  =  4-35  per  cent. 

It  melts  at  210 — 215°  and  is  readily  soluble  in  acetone  or  acetic  acid. 

1  :  7 (10) -Dihydroxj/naphthacenequmone, 
O      OH  HO    0      OH 


OH  O 


The  acid  just  described  dissolves  in  concenti"ated  sulphuric  acid  with 
a  brown  colour,  which  on  heating  changes  to  a  beautiful  reddish-violet. 

When  the  intensity  of  the  colour  is  at  its  maximum  the  product  is 
poured  into  water,  the  precipitate  filtered,  washed  with  sodium  carbon- 
ate and  water,  dried,  and  crystallised  from  niti'obenzene  : 

0-1221  gave  0-3320  COo  and  0-0426  H,0.     0  =  74-16  ;  H  =  3-88. 
CigHjoO^  requires  C  =  74-48  ;  H  =  3-45. 

\  '.1(\0)-Dihydroxyna2)hthacenequinone  melts  indefinitely  at 
280 — 300"^,  and  is  soluble  in  concentrated  sulphuric  acid,  forming  a 
reddish-violet,  fluorescent  solution.  It  is  sparingly  soluble  in  aqueous 
caustic  potash  and  in  hot  sodium  carbonate  solution,  but  dissolves  in 
alcoholic  potash  with  a  red  colour.  It  is  also  soluble  in  acetic  acid, 
nitrobenzene,  or  hot  alcohol. 

4(5)  :  V-Dihydroxy-1-li-7ia2)hthoylhenzoic   Acid. 

The  preparation  of  this  acid  from  4-hydroxyphthalic  acid  is 
carried  out  in  exactly  the  same  manner  as  that  just  described  in  the 
case  of  hydroxymethoxynaphthoylbenzoic  acid  (p.  420).  The  crude 
acid  is  purified  by  crystallising  from  alcohol  or  acetic  acid  : 

0  1183  gave  0-3031  CO2  and  0-0460  H^O.     0  =  6987  ;  H  =  4-32. 
CjgH^gO^  requires  0  =  7013;  H  =  3-89  per  cent. 

4(5)  :  V-Dihydroxy-l-fi-najihthoylbenzoic  acid  melts  at  215 — 216°,  and 
is  soluble  in  alcohol,  benzene,  or  acetic  acid  ;  it  dissolves  in  alkalis  with 
a  yellow  colour.  , 

4(5)  :  l'-Dimelhoxy-2-f3-naphthoylbenzoic  Acid, 

When  dihydroxynaphthoylbenzoic  acid  is  dissolved  in  methyl 
alcohol  and  shaken  with  a  large  excess  of  dimethyl  sulphate  and 
sufiicient  caustic  potash  to  maintain  a  slight  alkalinity,  the  methyl 
ester  of  4(5)  :  r-dimethoxy-2-/3-naphthoylmethoxybenzoic  acid  is  formed 
and  separates,  when  the  above  alcoholic  solution  is  diluted  with  water, 
as  a  heavy  oil  which  slowly   solidities.     This  ester,  when  boiled   with 

VOL    XCI.  F   F 
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alcoholic  potash  and  poured  into  dilute  hydrochloric  acid,  yields  the 
corresponding  acid  which  crystallises  from  naethyl  alcohol  in  colourless 
needles  melting  at  195—197°  : 

0-1704  gave  0-4455  COo  and  0-0728  H2O.     C  =  71-30;  H  =  4'75. 
CooHj^Oj  requi'res  C  =  71-43  ;  H  =  4-76  per  cent. 

4(5) :  \'-Dimethoxy-2-fi-naphthoylbenzoic  acid  dissolves  in  alcohol' 
benzene,  or  acetic  acid  ;  its  solution  in  aqueous  sodivim  carbonate  has 
a  faint  yellow  colour. 

1  :  ^{^ylJihydroxynajMiacenequinone. 

This  substance  is  prepared  by  heating  dihydroxynaphthoylbenzoic 
acid  with  boric  acid  (1  part)  and  concentrated  sulphuric  acid  (10  parts) 
at  140°.  The  colour  becomes  intensely  red,  and  when  no  further 
change  is  observed,  the  product  is  cooled,  poured  into  water  and  the 
precipitate  collected,  washed  with  sodium  carbonate,  then  with  water, 
dried,  and  crystallised  from  nitrobenzene.  It  forms  yellowish-red 
needles  which  do  not  melt  at  330°  : 

0-1125  gave  0-3070  COg  and  0-0377  H2O.     C  =  74-4  ;  H  =  3-7. 
CigHjQ04  requires  0  =  74-48  ;  H  =  3-45  per  cent. 

1  :  S{0)-Dihyd7'oxynap/ithaceneqHinone  is  soluble  in  hot  nitrobenzene 
or  acetic  acid,  sparingly  so  in  alcohol  or  benzene.  It  gives  yellowish-red 
solutions  with  aqueous  sodium  carbonate  or  caustic  potash. 

When  heated  on  the  water-bath  with  acetic  anhydride  and  a  little 
zinc  chloride  it  is  converted  into 

1  : 8{9)'Diacetoxy7iaphthacenequinone. 

This  compound  is  isolated  by  precipitation  and  washing  with  water, 
drying,  and  crystallising  from  acetic  acid,  from  which  it  separates  in 
pale  yellow  needles  melting  at  227 — 228°  : 

0*1320  gave  0-3415  CO2  and  0-0445  H^O.     C  -  70-53  ;  H  =  3-71. 
CgoH^^Og  requires  C  -  70-60  ;  H  =  3-74  per  cent. 

This  substance  is  soluble  in  alcohol  or  benzene  and  dissolves  in 
concentrated  sulphuric  acid  (with  hydrolysis),  giving  a  reddish-violet 
solution  ;  in  cold  aqueous  caustic  potash  it  is  insoluble,  but  when  heated 
it  undergoes  hydrolysis  and  dissolves  with  a  yellowish-red  colour.  On 
treating  with  concentrated  nitric  acid  it  dissolves,  and  on  dilution 
with  water  a  cr3'stalline  nitro-compound  separates. 
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l-Hi/droxy-S{9)-methoxi/naphthacenequinone, 

-CO' 


MeO-C,H,<^,|^>CioH,-OH. 


When  dimethoxynaphthoylbenzoic  acid  is  dissolved  with  boinc  acid 
in  sulphuric  acid  on  the  water-bath,  condensation  takes  place,  the 
colour  becoming  reddish-violet.  The  quinone  is  isolated  and  purified 
in  the  same  manner  as  dihydroxynaphthacenequinone  (p.  422).  It 
forms  a  crystalline,  pale  yellow  powder  melting  indefinitely  at  250° : 

0-1220  gave  0-3347  CO2  and  0-0476  HoO.  C- 74-82  ;  H  =  4-33.  , 
C^ga^.f>^  requires  C  =  75-00  ;  H  =  3-95  per  cent. 

It  is  sparingly  soluble  in  hot  alcohol,  acetic  acid,  or  benzene,  soluble 
in  alcoholic  potash  with  a  cherry  red  colour ;  with  aqueous  caustic 
potash  it  forms  an  almost  insoluble  red  salt  which  resembles  that  of 
monohydroxynaphthacenequinone.  In  cold  concentrated  sulphuric 
acid  it  dissolves  with  a  reddish-violet  colour,  which  on  heating 
above  100°  changes  to  red,  indicating  hydrolysis  of  the  methoxy- 
group  : 

A'-Amino-V  :  4:{lJ)-dihi/droxi/'2-^-jui])ht/ioylbenzoic  Acid. 

This  acid  is  prepared  by  combining  diazobenzene  chloride  with 
dihydroxynaphthoylbenzoic  acid  and  reducing  the  azo-derivative  so 
formed  with  stannous  chloride  and  hydrochloric  acid.  The  method  of 
procedure  is  exactly  the  same  as  that  given  for  aminohydroxy- 
naphthoylbenzoic  acid  (p.  416).  It  is  purified  by  dissolving  in 
aqueous  sodium  carbonate  and  precipitating  with  hydrochloric  acid. 
It  is  sparingly  soluble  in  alcohol,  benzene,  or  light  petroleum  ;  in  sodium 
carbonate  solution  it  dissolves  with  a  deep  yellow  colour  : 

0-1188  gave  0-2909  COo  and  0-0457  H,0.     C  =  66-78  ;  H  =  4-27. 

0-1997     „     7-3  c.c.  nitrogen  at  17°  and  770  mm.     N  =  4-37. 
CigHjaO^N  requires  C  =  66-87  ;    II  =  4  04  ;  N  =  4-33  pei-  cent. 

When  heated  alone  or  in  acetic  acid  or  nitrobenzene  this  acid  under- 
goes condensation,   with   the   elimination   of  water  and  formation  of 

1-Ami7w  Q  :  ^{^)-dihydroxynap]ithacenequinone. 

The  method  of  preparation  of  this  substance  is  exactly  similar  to 
that  described  in  the  case  of  (l)-amino-6-hydroxynaphthacenequinone 
<p.  417). 

This  aminodihydroxynaphtJiacenequinone  dissolves  in  cold  sulphuric 
acid  with  an  intense  bluish-red  colour  and  in  alcoholic  potash  with  a 
reddish-blue  colour.  It  is  readily  oxidised  by  potassium  dichromate  in 
acetic  acid  solution  : 

F  F  2 
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0-1  ia5  gave  0  3058  CO,  and  00427  HgO.     (J-70-37  ;  H  =  4-0. 
0-1673     „     7-2  c.c.  nitrogen  at  15°  and  744  mm.     N  =  5-01. 
CigHi^O^N  requires  C  =  708  ;  H  =  3-6  ;  N  =  4-6  per  cent. 

G'  {1)-Bromo-V  :  4:(p)-dlhi/dr(Kn/  2-f3-n((phlhoylbenzoic  Acid. 

Tliis  derivative  is  obtained  when  an  excess  of  bromine  is  added  to  di- 
hydroxynuphthoylbenzoic  acid  suspended  in  carbon  disulphide  and  the 
mixture  gently  wai-med  on  the  water-bath  for  two  hours.  The  carbon 
disulphide  and  the  excess  of  bromine  are  then  allowed  to  evaporate 
spontaneously  and  the  solid  residue  crystallised  from  acetic  acid,  from 
which  it  separates  in  needles  melting  at  270°  with  decomposition  : 

0-1467  gave  0-2996  COg  and  0-0403  HgO.     0  =  5570;  H  =  305. 

0-1888     „     0-0938  AgBr.     Br  =  21-13. 
(JiyHiiO,.Br  requires  0  =  55-81  ;  H  =  2-84  ;  Br  =  20  67  per  cent. 

This  acid  is  spai'ingly  soluble  in  alcohol  or  benzene,  readily  so  in  hot 
acetic  acid.  It  dissolves  in  sodium  carbonate  with  a  deep  yellow 
colour. 

When  heated  with  boric  acid  in  concentrated  sulphuric  acid  to 
180°  condensation  occurs  and  at  the  same  time  hydrogen  bromide  and 
bromine  are  evolved  and  a  trihydroxynajihthacenequinone, 

H0-C,H3<^!^>Ci,H,(0H),, 

is  produced.  This  quinone  was  isolated  and  purified  in  the  usual 
manner  and  obtained  as  a  brown,  crystalline  powder.  We  were,  how- 
ever, unable  to  obtaiii  it  quite  pure,  as  even  after  sevei'al 
recrystallisations  it  still  contained  traces  of  bromine. 

r  :  b' - D ihydroxy-^-ji-naphthoylbenzoic  Acid. 

This  acid  is  best  prepared  in  the  following  manner. 

Phthalic  anhydride  (20  grams)  and  boric  acid  (50  grams)  are  partly 
fused  in  a  porcelain  basin,  then  powdered  and  mixed  with  1 :5-dihydroxy- 
naphthalene  (20  grams)  and  heated  to  200^  for  three  hours.  The  pro- 
duct is  extracted  with  boiling  water  until  free  from  boric  acid  and  the 
residue  boiled  with  sodium  carbonate,  filtered,  and  acidified  with  hydro- 
chloric acid.  The  brown,  resinous  precipitate  is  collected,  boiled  with 
water  and  calcium  carbonate,  the  solution  of  the  calcium  salt  filtered, 
and  the  acid  reprecipitated  by  the  addition  of  hydrochloric  acid.  The 
precipitated  acid  is  collected  and  purified  by  crystallising  from  acetic 
acid  : 

0-1069  gave  0-2732  00.^  and  0-0395  HgO.     0  =  69-70;  H  =  4-ll. 
OigHigOs  requires  0  =  70-13  ;  H  =  3-89  per  cent. 

V  •.5'-Dihydroxy-2-^-naphthoylbenzoic     acid     melts    at    221°    and  is 
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soluble  in  alcohol,  acetone,  or  acetic  acid.   In  sodium  carbonate  solution 
it  dissolves  with  a  deep  yellow  colour. 

I' •.5'-Dimethoxi/-2-P-naphthoi/lbenzoic  Acid. — When  the  acid  just 
described  is  dissolved  in  alcohol  and  shaken  at  20 — 25°  with  excess  of 
dimethyl  sulphate  and  sufficient  aqueous  caustic  potash  to  render  the 
solution  distinctly  alkaline,  the  methyl  ester  of  dimethoxynaphthoyl- 
benzoic  acid  is  obtained,  on  dilution  with  water,  as  an  oil  which 
gradually  crystallises.  This  oil,  when  boiled  with  alcoholic  potash  and 
poured  into  dilute  hydrochloric  acid,  yields  dimethoxynaphthoylbenzoic 
acid  as  a  white  precipitate,  which  is  collected  and  purified  by  crystal- 
lising from  acetic  acid  : 

0-1810  gave  0-4737  CO2  and  0-0780  H2O.     C  =  71-38;  H  =  4-79. 
C2oH,,,p^  requires  C=!71-4'-  H  =  4-8  percent. 

V  •.b'-Dimethoxy-2-P-naphthoylbenzoic  acid  melts  at  209 — ^210",  and 
dissolves  in  alkalis  with  a  pale  yellow  colour.  It  dissolves  in  cold  con- 
centrated sulphuric  acid  with  a  brown  colour,  which  on  heating  changes 
to   green,   indicating  the  formation  of 

5  :  \-Hydroxy-b-tnethoxijnaphthacenequinone. 

This  quinone  is  isolated  from  the  green  sulphuric  acid  solution  by 
precipitating  with  water,  collecting,  drying,  and  crystallising  from 
nitrobenzene : 

0-1960  gave  0-5383  CO,  and  0  0704  H.O.     C  =  74-91  ;  H  =  3-99. 
CjgH^oO^  requires  C  =  75  0  ;  H  =  3  9  per  cent. 

l-Hydroxy-b-methoxynajyhtliaceneqiiinone  crystallises  in  red  needles, 
and  dissolves  in  alcoholic  potash  with  a  red,  in  concentrated  sulphuric 
acid  with  a  green,  colour.  The  latter  changes  on  heating  to  blue,  owing 
to  the  hydrolysis  of  the  methoxy-group.  The  quinone  is  soluble  in 
acetic  acid  or  nitrobenzene,  spai'ingly  so  in  alcohol  or  benzene. 

1  :  ^-Dihydroxynajyhthacenequinone-i  l-sulphonic  Acid. 

r  :  5'-Dimethoxy-2-;8-naphthoylbenzoic  acid  differs  from  the  corre- 
sponding dihydroxy-acid  in  its  behaviour  when  warmed  with  boric  and 
sulphuric  acids.  The  dimethoxy-acid  is  condensed  to  the  quinone  with- 
out sulphonation,  but  the  dihydroxy-acid  yields  1  :  5-dihydroxynaphtha- 
cenequinonesulphonic  acid,  which  is  precipitated  on  dilution  with 
water.  Purified  by  crystallising  from  dilute  alcohol,  it  is  olitained  as 
a  red,  crystalline  powder  : 

0-1028  gave  0-2277  00.,  and  0-0397  HgO.     0  =  60-41  ;  H  =  4-29. 

0-1805     „     0-1092  BaS04.  S  =  8-31. 

CigHj^O-S  requires  0  =  58-38  ;  H  =  2-70  ;  S  -  8-65  per  cent. 
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The  acid  dipsolves  in  alkalis  and  in  sulphuric  acid  with  a  violet-blue 
colour.  It  is  .soluble  in  water,  sparingly  so  in  alcohol.  It  dyes  wool  a 
reddish-yellow  shade,  and  has  some  affinity  for  cotton. 


The  TJnivei!sity, 

Manciikster. 


Addendum  hy  E.  C.  C.  Baly  and  W.  B.  Tuck. 

The   absorption    curves    of    these    compounds    are   shown    in  Figs. 
1 — 15,  the  full  curve  in  each  case  being  that  obtained  with  a  solution 


Figs.  1  and  2. 
Oscillalion  frequencies. 
IG    18  2000  22    21    26    28  oOOO  r.2    .34    36    38  4000  42    44 


^ 


, 

r 

1 

t 

y. 

i\ 

i; 

/ 

\ 

^..^ 

i'-. 
i  '• 

\  ! 

f 

\. 

,V 

\^ 

i " 

•--' 

1 1 

\  \ 

\ 

1 

/ 

V 

».._ 

'/'^ 

-— ' 

'^ 

\ 
\ 

i 
i 

/ 

\ 

V. 

K, 

\ 

'V 

V      / 

t^ 

•» 

.\ 

J 

/ 

rt...  ■ 

\ 

/ 

i- 

I,  ^ 

\ 

1    1 

y1 

\ 

\ 

•f! 

\  1 

i  / 

\ 

\ 

:' 

■Ji' 

\ 

l\ 

' 

^^ 

•    5 

l/l! 

ij 

\ 

J 

\ 

\-. 

y' 

— 

!l 

1 

! 

^ 

V' 

..-/ 

!i 

1 

4 

A 

/ 

7 

'  \ 

1/ 

t 

i 

Ci 

iy 

1 

\\ 

V 

J 

1 

100 


.")0 


10 


4 

S^ 

^ 

^••5 

c^ 

100 

^ 

50 

-y 

g 

^ 

25 

10 

4 
2-5 


Upper  curves  moiiolxydroxynaphlliacenequinone. 
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of  Ihe  compound  in  alcohol,  .the  dotted  curve  being  obtained  after  the 
addition  of  excess  of  sodium  ethoxide,  whilst  the  dot  and  dash  curve  is 
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that  obtained  with  a  solution  in  concentrated  sulphuric  acid  containing 
about  3  per  cent,  of  boric  acid.     In  each  case  iVyiOjOOO  solutions  were 

Fig.  3. 
Oscillation  frequencies. 
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1  : 1{\0)-Dihydroxijnaphthacenequinon(' 


employed  and   the  curves  drawn  by  plotting   the    logarithms  of  the 
thicknesses  of  the  solution  used  against  the  limits  of  absorption. 

Fig.  4. 
Oscillation  frequencies. 


14    16    18  2000  22    24   26    28  3000  32    34    36    38  4000  42    44 


1  :  S{9)-Dihydroxi/na2)7ttJiacencquinonc. 


In  Fig.  1  are  shown  the  three  curves  of  1-hydroxynaphthacenequinone, 
■which  establish  the  type  of  absorption  exhibited  by  all  the  com- 
pounds described  in  the  paper  ;   the  full  and   dotted  curves,  repre- 
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senting  the  absorption  of  l-hydroxynaphthacenequinono  in  neutral  and 
alkaline   alcoholic  solutions   respectively,  show    the  existence  of  two 


Fig.  5. 

Oscillation  frequencies. 
14    16    18  2000  22    24    26    28  3000  32    34    36    38  4000  42    44 


:  2  :  %-Trihydroxynaphthacencquinoiit 


absorption  bands,  one  in  the  ultra-violet  due  to  the  presence  of  a  certain 
amount  of  benzenoid  tautomerism  and  the  other,  due  to  isoiropesis,  in 

Fig.  6. 

OscillaJion  frcqnencieif. 
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Hydroxy -^-mcthoxynaplitliaccnequinonc. 

the  visible  part  of  the  spectrum.  It  will  be  noticed  that  in  Fig.  1, 
and  indeed  in  all  the  substances  examined,  the  latter  absorption  band 
is  nearer  to  the  red  when  the  solution  is  alkaline.     This  fact,  coupled 
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with  the  fact  that  the  diacetoxynaphthacenequinone  (Fig.  8)  exhibits 
only  very  short  absorption  bands,  shows  the  isorropesis  is   not  simply 

Fig.  7. 
Oscillation  frequencies. 
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one  of  a    quinonoid    type    between    the    two    carbonyl    groups ;  it  is 
manifest  that  the  process  of  isorropesis  is  in  some  way  connected  with 

Fig.  8. 
Oscillation  frequencies. 
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the  presence  of  the  hydroxyl  groups  in  close  pi'oximity  to  the  carbonyl 
groups.     It  has  been  pointed  out   (Baly  and  Ewbank,  Trans.,  1905, 
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87,  1347)  that  the  absorption  band  of  the  phenols  is  shifted  towards  the 
red  in  alkaline  solution,  this  being  also  true  for  the  aminophenols ;  it 

Fig.  9. 

Of!c  illation  frequencies. 
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is  probable  that  'u\  this  fact  is  to  be  found  the  explanation  of  the  shift 
of    the  isorropesis    band    of    the    naphthacenequinone    derivatives   in 

Fig.  10. 
Oscilla  t  ion  freqncn  eies. 
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l-Amino-6 : 8(9]-cliJiytlroxynaphthaccnequi)wne. 


alkaline  solution,  for  this  band  is  no  doubt  due  in  forne  way  to  the 
phenolic  groupings,  and  any  change  of  frequency  in  the  absorption  band 
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produced  by  the  action  of  alkali  on  the  latter  will  produce  a  /)7-o  rata 
change  in  the  former. 

Fig.  11. 

Oscillallon  frequencies. 
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The    absorption    spectra     show     very    clearly    the     different    effect 
obtained  by  substitution  of  hydroxyl  groups  in  the  naphthalene  and 

Fig.  12. 
Oscillation  frequencies. 
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1  :  Z-DiMjdro.'ryncqihthaccneqiiinones'iiIpJionic  Acid. 


the  benzene  nuclei.  The  following  table  shows  the  position  of  the 
heads  of  the  absorption  bands  and  their  relative  persistence.  By  the 
persistence  of  an    absorption   band   is  meant  the   relative  change  of 
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dilution  over  which  the  band  persists,  and  this  value  may  be  taken  as 
a    measure    of    the    process    taking  place    which    giv^es    rise    to    the 

Fig.  13. 

Osc  illat  10  n  frequcnc  ics. 
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•s  ~    16 


14 


'k. 


\ 

^ 

^ 

/ 

\ 

\, 

\ 

/ 

/ 

•  ' 

\ 

\ 

v 

\\ 

\ 

t. 

/ 

/ 

• 

— 

\ 

\ 

/.■ 

f 

/ 

V'\ 

\ 

-^ 

• 

/ 

\ 

\ 
\ 

\, 

/ 

\ 

■"^ 

\ 

\ 

\  - 

/ 

\ 

>> 

K^ 

v., 

y 

^ 

^•^, 

\ 

'\ 

100  o 

o 
o 

o 

.50     C 

55 

10    ■~ 


2-N(tro-&-aniliiw-\-hiidro:i'yriapJitkacrncquinone. 


absorption.       The    persistence    of    each    band    is   measured    by    the 
distance  it  extendi  over  the  ordinates  on  the  diagrams. 

Fig.  14. 

Oscillation  frcquoicics. 
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l-Chloro-Q-hydroxynaphthaxenequinone. 


Comparing     monohydrox^'uaphthacenequinone    with     the     1  : 6-di- 
hydroxy-derivative  in  which  both   hydroxy}  groups  ai-e   in  the  naph- 
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thalene  residue,  it  will  be  seen  that  in  neutral  solutions  the  head  of  the 
band  has  shifted  from  2200  to  2050  and  in  alkaline  solution  from  1900 
to  1800,  whilst  the  persistence  has  increased  from  5  to  6  in  the  one 
case  and  from  3  "5  to  5  5  in  the  other.  It  is  thus  evident  that  the 
introduction  of  a  second  hydroxyl  in  position  6  both  shifts  the 
absorption  towards  the  red  and  at  the  same  time  materially  increases 
the  amount  of  the  isorropesis.  On  the  other  hand,  the  introduction  of 
a  second  hydroxyl  group  in  the  benzene  residue  has  the  opposite 
effect ;  in  neutral  solution  the  absorption  band  is  shifted  a  vei'y  little 
to  the  red,  but  in  alkaline  solution  the  band  is  shifted  towards  the 
blue.  In  both  the  1  :  7-  and  the  1  :  8-dihydroxy-compounds  the  per- 
sistence is  less  than  in  the  monohydroxy-compound  ;  especially  is  this 

Fig.  15. 
OffciUal'ion  frequencies. 
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the  case  in  the  1  : 8-compound.  That  this  phenomenon  is  not 
peculiar  to  the  benzene  residue  is  shown  by  the  trihydroxy-compound 
(1:2:61),  where  the  absorption  band  in  both  alkaline  and  neutral 
solution  is  nearer  the  blue,  and  the  persistence  less  than  in  the 
monohydroxy-compound,  proving  that  the  third  hydroxyl  group  more 
than  counteracts  the  influence  of  the  second,  making  the  compound  less 
coloured  than  the  monohydroxy-compound. 

In  Figs.  6  and  7  are  shown  the  curves  of  the  l-hydroxy-5-  and 
-8-methoxy-compounds,  and  in  Fig.  8  those  of  the  1  :  8-diacetoxy- 
compound,  which  show  the  great  effect  produced  by  acetylating  the 
two  free  hydroxyl  groups. 

The  relative  position  of  the  amino-  and  hydroxyl-groups  has  very 
much  the  same  effect   as  that  just  ascribed   to  the  hydroxyl  j^roups 
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alone.  The  following  table  gives  the  measurements  from  the  absorp- 
tion curves  of  the  three  aminohydroxy-derivatives  described  in  the 
paper.  It  will  be  noticed  that  the  isorropesis  bands  tend  to  subdivide 
at  the  heads  into  two  or  throe  narrow  bands  ;  this,  however,  does  not 
influence  the  measurements,  which  are  purely  comparative  : 

Table  I. 

Head  of  band 

ill  oscillation 

Compound.  Solvent.    iVequencies.  Persistence. 

Moiioliydioxyiiaplithaceneqiiinone    AIcoliol  12200  5 

Alkali  1900  3-5 

Sulphuric  acid     1750  6 

1  :  GDiliydioxynaplitliaceiicquinonc Alcohol         2050  G 

Alkali  1800  5-5 

(1850)        ,        .  , 

oil      •        -1     onort  (maxiniuni) 

SulpJiurie  aciu  -  2030  -        ^  „       ' 

[2I6OJ  " 

1  : 7-Dihydioxvnaplithaccncqninone Alcohol  2100  4'5 

Alkali  2050  3 

Sulpliunc  acid  ->  ,^r^  J-  7 

1  :  S-DihydroxynaphthacenequiuoiR' Alcohol         2200  2*5 

Alkali         -^2120/ 

Sulphuric  acid     1750  7 

1  :2 : 6(?)-Triliydroxynaiihtliaceiiequiiioue.  Alcoli<d  2050  4'5 

Alkah  1950  3-5 

Sulphuric  acid     1750  4*5. 


Table  II. 


Head 
Solvent,    of  bands. 


Compound. 
1  -  Amiuo-6-hydroxynaphthacenequiiioue    Alcohol 

Alkali 

Sulphuric 

acid 

l-Anuno-6  :  8-dihydroxyiiaphthaceneipiinone    Alcohol 

Alkali 
Sulphuric 
acid  " 
l-Anilino-6-hydroxynaphthacenequiuone Alcohol 

Alkali 

Sulphuric 
acid 


risoo) 

-]  1960  Y 
1 2080  J 

1780 
J1850  \ 
t  1970/ 

nsoo^i 

J  1950  - 

(2IOOJ 

1700 

1750 

1900 

f  1630  1 

"  1760/" 

1800   . 


Per- 
sistence, 


i  "0 

6 


4 
5-5 


The  introduction  of  the  second  hydroxyl  group  in  position  8, 
■although  it  does  not  materially  alter  the  position  of  the  bands, 
very  considei"ably  decreases  the  persistence ;  the  same  is  true  when 
the  hydrogen  of  the  amino-group  is  replaced  by  the  electro-negative 
phenyl  group. 

The  influence  of  methylating  the  hydroxyl  groups  is  shown  by  the 


PERKIN  :   CONSTITUENTS   OF   NATURAL   INDIGO.      PART   II.      435 

curves  in    Figs.    6    and     7,    whilst    the    curves    obtained    with     the 

1  : 5-dihydroxysulphonic  acid  compound  are  shown  in  Fig.  12.  In 
Figs.  13 — 15  the  effect  of  the  substitution  by  chlorine  and  by  the 
nitro-group  is  shown.  The  influence  of  this  substitution  is  very 
considerably  to  reduce   the  persistence  of   the  bands ;  the  1  -hydroxy- 

2  :  6-dinitro-compound  was  found  to  be  so  slightly  soluble  in  sulphuric 
acid  as  to  render  the  observation  of  its  absorption  impossible  in  this 
solvent. 

Spectroscopic  Laboiiatory, 

University  College,  Loxdox. 


XLIIL — Constituents  of  Natural  Indigo.'^     Part  II. 

By  Arthur  George  Peukix. 

The  first  application  of  the  term  "  Indigo-yellow "  to  a  substance 
existing  in  natural  indigos  is  due  to  Bolley  and  Crinsoz  (Jahresh., 
1866,  573),  who  state  that  it  is  to  be  found  in  the  Bengal  variety^ 
and  can  be  isolated  by  sublimation.  It  is  described  as  consisting 
of  golden-yellow  needles,  subliming  at  130°,  sparingly  soluble  in  water, 
but  dissolved  by  soda  lye.  A  reference  to  the  existence  of  a  yellow 
colouring  matter  in  the  Polygonum  tinctoi'ium,  an  indigo-yielding  plant, 
by  Henry  {Gmelin's  Handbook  of  Chemistry,  1846,  xiii,  50),  is  in- 
teresting, and  he  mentions  that  this  is  obtained  by  treating  the  dried 
aqueous  extract  of  the  plant  with  ether. 

More  recently,  Rawson  {J.  Soc.  Chem.  Ind.,  1899,  18,  251) 
observed  that  Java  indigos  contained  a  peculiar  compound  present 
usually  to  the  extent  of  2  to  3  per  cent.,  but  in  one  special  sample  as 
much  as  about  20  per  cent,  was  found  to  exist.  This  substance  was 
soluble  in  alkalis,  with  a  deejj  yellow  colour ;  on  heating  it  partially 
sublimed,  and  had  the  properties  of  an  adjective  dye-stuff,  the  shades 
given  with  a  chromium  mordant  being  similar  to  those  given  by 
vine-leaves  or  weld.  It  could  readily  be  detected  by  adding  to  the 
ground  indigo  a  solution  of  an  alkaline  hydroxide  or  ammonia. 
Bawson  considered  it  quite  possible  that  this  yellow  substance  was 
derived  from  the  Indigo/era  arrecta,  though  it  might  perhaps  originate 
from  some  other  plant  accidentally  growing  with  the  indigo  or  purposely 
added  to  the  vats.  Ultimately  he  ascertained  that  the  former  sui-mise 
was  correct. 

Bergtheil  {Rtport  of  the  Indigo  Station,  Sirsiah,  Calcutta,  1906) 
states,    "  A    very     small    quantity   of    the    yellow    colouring    matter 

*  A  preliminary  accouut  of  some  of  this  work  has  been  given  in  Proc. ,  1904.  20, 
172  and  ibid.,  1906,  22,  199, 
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described  by  Rawson  was  present  in  nearly  all  indigos  made  at  Pusa,* 
and  has  been  characteristic  of  most  of  the  indigos  made  from  it  in 
Bihar  this  year  (p.  15).  Further,  there  is  no  doubt  that  manu- 
facturing with  immature  plant  tends  to  produce  this  yellow  matter" 
(p.  15). 

Experimental. 

Home  yeai's  ago  attempts  were  made  to  reproduce  the  indigo-yellow 
of  Bolley  and  Crinsoz,  but  it  was  found  that  on  subliming  samples 
of  the  best  Bengal  indigos,  containing  as  was  considered  at  the  time 
about  75  per  cent,  of  indigotin,  no  sublimate  of  this  character  was 
obtained,  and  moreover  experiments  have  failed  to  detect  the  presence 
of  such  a  substance  in  the  indigos  themselves.  On  submitting, 
however,  refined  Bengal  indigo,  stated  to  contain  92  per  cent,  of 
indigotin,  to  sublimation  with  limited  access  of  air,  a  small  quantity 
of  a  most  interesting  yellow  compound,  Cj5Hg02N2,  was  produced.  A 
preliminary  account  of  these  experiments  has  been  published  (Free, 
1906,  22,  198),  but  this,  at  first  suspected  to  be  Bolley  and  Crinsoz's 
indigo-yellow,  was  not  identical  with  their  product,  because,  not  only 
was  it  insoluble  in  alkaline  solutions,  but  it  could  be  heated  to  160° 
without  appreciable  loss.  The  appearance  of  Mr.  Eawson's  interesting 
communication  again  brought  the  subject  to  mind,  and  on  application 
to  him  he  kindly  forwarded  a  small  sample  of  Java  indigo  containing 
his  yellow  compound.  This,  which  weighed  approximately  3  grams, 
could  not  be  distinguished  in  appearance  from  an  ordinary  commercial 
indigo,  but  gave  with  dilute  alkalis  a  deep  yellow  extract. 

To  identify,  if  possible,  this  substance,  the  indigo  was  extracted 
with  boiling  alcohol,  and  the  resulting  green  coloured  solution 
evaporated  and  poured  into  ether.  The  ethereal  liquid  was  well 
washed  with  water,  filtered,  and  the  ether  I'emoved  by  distillation. 
The  yellow  residue  was  crystallised  first  from  dilute  alcohol  and  finally 
from  acetic  acid  : 

01018  gave  0-2350  COg  and  0-0360  H.^O.     C  =  62-95  ;  H  =  3-92. 
Cj^HjqO,;  requires  C  =  62-93  ;  H  =  3'49  per  cent. 

It  formed  glistening,  yellow  needles  melting  at  276 — 277°,  and 
dissolved  in  alkaline  solutions  with  a  pale  yellow  coloration. 

The  acetyl  compound  crystallised  from  alcohol  in  colourless  needles 
melting  at  181—182^  : 

0-1081  gave  0-2410  CO^  and  0-0425  H.O.     C  =  60-82  ;  H  =  4-36. 
CjgHjgOjo  requires  C  =  60*79  ;  H  =  3-96  per  cent. 

This  substance,  after  crystallisation  from  methyl  alcohol,  commenced! 

*   From  Indigo/era  arrccta. 
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to  melt  at  about  116°,  became  fluid  at  120°,  but  on  further  heating 
gradually  solidified,  and  finally  melted  at  181 — 182°.  This  behaviour, 
it  has  been  previously  pointed  out  (Trans.,  1902,  81,  587;  ibid., 
475),  is  characteristic  of  acetylkaempferol,  and  thei-e  could  be  little 
doubt  that  the  colouring  matter  in  question  therefore  consisted  of 
kaempferol.  An  examination  of  its  dyeing  and  other  properties  fully 
corroborated  this  view. 

The  amount  of  kaempferol  present  in  this  sample  of  indigo  was 
unfortunately  not  determined  accurately,  but  as  much  as  0'6  gram 
was  certainly  obtained  from  it.  It  was  now  interesting  to  examine 
other  samples  of  Java  indigo  in  this  respect,  and  through  the  kindness 
of  Prof,  van  Romburgh,  of  Utrecht,  numerous  samples  were  obtained 
by  purchase  from  Holland.  The  exact  manner  by  which  indigo  has 
been  manufactured  in  Java  has  been  kept  secret,  except  in  so  far  that 
hot  water  and  sulphuric  acid  are  usually  employed,  but  on  the  other 
hand  it  is  known  that  three  distinct  methods  have  been  or  are  in 
vogue,  and  may  be  described  as  the  "  new  process  with  hot  water," 
"  the  new  process  with  cold  water,"  and  "  the  old  process  in  which  no 
chemicals  are  used."  An  investigation  of  samples  of  the  dye-stuff 
which  had  been  prepared  in  these  three  different  ways  by  extraction 
with  alcohol  or  carbonate  of  soda  solution  revealed  in  each  case  the 
presence  of  kaempferol,  but  only  in  minute  quantity,  for  the  largest 
amount  that  could  be  isolated  was  approximately  0*2  per  cent.  It 
appears,  therefore,  that  Eawson's  indigo  was  abnormal  in  containing 
such  a  large  amount  of  yellow  colouring  matter,  as  in  fact  he  indi- 
cates, and  it  is  also  probable  that  by  recent  improvements  in  manu- 
facture the  Dutch  chemists  have  been  successful  in  preventing  the 
contamination  of  their  indigos  with  this  impurity. 

The  Glucoside. — As  thei-e  was  some  doubt  as  to  the  occurrence  of 
kaempferol  or  its  glucoside  in  the  Indigofera  arrecta,  the  plant  from 
which  this  indigo  is  derived,  it  was  investigated  in  this  respect. 
The  material  employed  consisted  of  the  air-dried  leaves  of  the  Natal 
plant  which  had  been  grown  in  India,  and  it  should  be  noted  that 
there  is  no  botanical  difference  between  the  Natal  and  Java  varie- 
ties, for  the  Indigo/era  arrecta,  originally  native  of  Natal,  was  intro- 
duced into  Java  from  there.  For  a  liberal  supply  qf  this  I  am  indebted 
to  the  kindness  of  Mr.  W.  P.  Bloxam. 

The  leaves  were  extracted  with  ten  times  their  weight  of  boiling 
water  for  six  hours,  the  solution  evaporated  to  dryness,  the  residue 
incorporated  with  sand,  and  digested  with  boiling  alcohol.  The 
alcoholic  liquid  was  concentrated,  treated  with  water,  and  the  mix- 
ture evaporated  to  a  small  bulk  and  filtered.  The  filtrate,  on  stand- 
ing several  days,  slowly  deposited  crystals,  which  were  collected, 
washed  with  chloroform,  and  recrystallised  two  or  three  times  from 
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water  and  finally  from  dilute    alcohol.       Analyses    of    the  substance 
dried  at  160°  gave  the  following  result  : 

0-1127  gave  0-2320  CO^  and  0-0547  H^O.     C  =  56-14;  H  =  5-39. 

0-1117     „     0-2294  COg    „    0-0530  HgO.     C  =  56-00  ;  H  =  5-27. 
^27^30^14  requires  C  — 5606  ;  H  =  5-19  per  cent. 

When  air-dried,  the  glucoside  has  the  formula  Cg^HggOj^.S^HgO 
(H20  =  9'83  per  cent.),  which  is  evolved  by  heating  to  100°  (found 
H20  =  9-65,  9-68  per  cent.),  but  is  again  absorbed  by  standing  for 
some  hours  in  a  moist  atmosphere. 

This  substance,  for  which  the  name  kaempferitrin  is  proposed,  con- 
sists of  a  glistening  mass  of  almost  colourless  needles,  which  when 
heated  congeal  together  at  190—192°  and  melt  at  201—203°.  It 
is  somewhat  sparingly  soluble  in  boiling  water  and  in  cold  alcohol, 
and  its  solution  is  coloured  pale  yellow  by  alkalis.  Aqueous  lead 
acetate  gives  no  precipitate,  but  with  basic  lead  acetate  a  bright 
yellow  deposit  is  formed.  Fen-ic  chloride  produces  a  greenish-brown 
coloration. 

The  hydrolysis  of  this  glucoside  was  studied  quantitatively,  employ- 
ing in  each  of  the  cases  given  below  200  c.c.  of  water  and  2  c.c.  of 
sulphuric  acid.  After  boiling  for  a  short  time,  the  clear  liquid  com- 
menced to  deposit  pale  yellow  crystals,  and  when  the  digestion 
had  continued  for  an  hour,  the  mixture  was  allowed  to  stand  over 
night.     The  product  was  dried  at  160"  : 

06785  gave  0-3300  yellow  colouring  matter.     Found  48-63  per  cent. 

0-6125     „     0-3013       „  „  „  „    49-19 

The  acid  liquid  from  which  this  substance  had  been  deposited 
was  neutralised  with  barium  carbonate,  filtered,  and  the  filtrate 
evaporated  to  a  small  bulk.  The  residue  yielded  an  osazone,  and 
this,  after  washing  with  chloroform  and  recrystallisation  from  dilute 
alcohol,  was  obtained  in  yellow  needles  which  melted  sharply  at 
180 — 182°  and  had  the  properties  of  rhamnose  osazone. 

The  insoluble  product  of  the  hydrolysis,  which  on  examination  was 
found  to  be  quite  homogeneous,  melted  at  275 — 277°,  and  gave,  when 
dried  at  160°,  C  =  63-01;  H  =  3-68  per  cent. 

The  acetyl  compound,  after  crystallisation  from  methyl  alcohol, 
exhibited  on  heating  the  peculiar  properties  of  acetyl kaempferol,  and 
on  analysis  gave  C  =  60-77  ;  H  =  4*43  per  cent. 

On    hydrolysis,    therefore,    kaempferitrin    yields    kaempferol    and 
rhamnose,  and  this  may  be  expressed  by  the  equation  : 
C-2vH3oO,,  +  4H,0  =  C,,H,oO,  +  20eH,  A- 

The  reaction  requires  a  yield  of  49-48  per  cent,  of  kaempferol,  and 
this  is  in  agreement  with  that  actually  obtained  and  given  above. 

It  has  been  previously  shown  that  robinin  (Trans.,  1902,  81,  473)  is 
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a  glucoside  of  kaempferol,  and  this  in  genei'al  appearance  and  melt- 
ing point  somewhat  closely  resembles  kaempferitrin.  Again,  both 
glucosides -*are  almost  devoid  of  tinctorial  property,  although  the 
extremely  feeble  effects  given  in  the  usual  manner  with  mordanted 
"woollen  cloth  are  practically  identical  in  each  case.  On  the  other 
hand,  robinin  on  hydrolysis  gives  kaempferol,  two  molecules  of  rhamnose 
and  one  of  glucose  (?)  according  to  the  equation  : 

and  for  this  reaction  but  37"73  per  cent,  of  kaempferol  is  required. 
There  can  be  no  doubt,  therefore,  that  robinin  and  kaempferitrin  are 
distinct  substances.  The  amount  of  kaempferitrin  obtained  from 
the  leaf  by  the  above  described  method  was  approximately  0"6  per 
cent.  (1'5  grams  pure  glucoside  from  250  grams  of  leaf).  An  ex- 
amination, however,  of  the  mother  liquid  from  which  it  had  been 
deposited  indicated  that  a  considerable  quantity  still  remained 
dissolved,  for  although  this  could  not  be  isolated  by  the  methods 
employed,  its  presence  was  evidenced  by  the  fact  that  when  boiled 
with  dilute  sulphuric  acid  kaempferol  was  obtained. 

It  was,  however,  possible  to  ascertain  how  much  kaempferol  could 
be  produced  from  the  leaf,  and  for  this  purpose  an  extract  of  200 
grams  of  the  material  in  2500  c.c.  of  water  was  treated  with  10  c.c. 
of  sulphuric  acid  and  digested  at  the  boiling  point  for  one  hour.  On 
cooling  overnight  a  claret-red  coloured  precipitate  had  separated,  and 
this  was  collected,  dissolved  in  a  little  alcohol  and  poured  into  a 
large  volume  of  ether.  The  claret-red  impurity  being  insoluble  in 
the  ether  was  thus  removed,  and  the  clear  liquid  containing  the 
kaempferol  was  then  washed  with  water  and  evaporated  to  dryness. 

The  residue,  after  extraction  with  water,  was  dried,  and  then  con- 
sisted of  a  yellowish-pink,  crystalline  mass  which  weighed  3"956 
grams.  Thus  the  air-dried  leaf  gave  approximately  2  per  cent,  of 
kaempferol,  and  would  accordingly  contain  about  4  per  cent,  of 
glucoside  on  the  assumption,  as  is  probable,  that  this  consists  entirely 
of  kaempferitrin. 

From  the  experiments  of  Rawson  {Report  on  the  Cultivation  and 
Manufacture  of  Indigo,  Muzufferpore,  1904),  it  is  probable  that  the 
quantity  of  kaempferol  which  the  leaf  is  capable  of  yielding  varies  with 
the  season  of  the  year,  for  although  no  direct  estimations  of  the  yel- 
low colouring  matter  actually  given  by  the  plant  appear  to  have 
been  made,  the  amount  present  in  the  indigo  pi^oduced  from  it  is 
suggestive.  Thus  indigo  prepared  from  the  young  leaves  contained 
much  yellow  dye,  whereas  in  the  old  leaf  product  it  was  absent. 

An  examination  was  now  made  of  the  leaves  of  the  ordinary  Indian 
plant,  /.  Sumatrana,  with  the   result   that  these  were   also  found  to 
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contain  a  trace  of  a  yellow  colouring  matter.  The  amount  present 
was  vei'y  minute,  however,  and  from  2  kilos,  of  the  leaves  insufficient  was 
isolated  for  its  satisfactory  characterisation.  Its  dyeing  properties  were 
very  similar  to  those  given  by  kaempferol,  so  that  it  possibly  consists  of 
this  substance. 

This  result  seems  to  indicate  that  Bolley  and  Crinsoz's  indigo-yellow 
{loc.  cit.)  cannot  be  identical  with  kaempferol.  On  the  other  hand,  as 
Bengal  indigos  do  not  appear  to  give  a  yellow  sublimate  of  the  charac- 
ter they  describe,  it  is  possible  that  they  were  mistaken  as  to  the 
source  of  the  material  they  employed.  It  was  ascertained  that  if 
indigo  mixed  with  10  per  cent,  of  kaempferol  is  cautiously  sublimed 
between  watch  glasses,  the  sublimate  produced  contains  appreciable 
quantities  of  the  yellow  colouring  matter. 

The  hydrolysis  of  thekaempferitrin  which  exists  in  the  leaf  during  the 
process  of  indigo  manufacture  may  possibly  be  due  to  the  presence  of  a 
specific  enzyme,  although  at  present  preliminary  experiments  in  this 
direction  have  been  unsuccessful.  The  subject  of  the  indigo  enzyme 
has  recently  been  discussed  by  Orchardson,  Wood  and  Bloxam  (/.  Soc. 
Chem.  Ind.,  1907,  26,  4),  whose  results  with  the  air-dried  leaf  are  in 
harmony  with  those  of  the  Dutch  chemists  who  describe  an  insoluble 
enzyme,  rather  than  with  those  of  Bergtheil,  who  considers  this  to  be 
soluble  in  water.  A  study  of  the  behaviour  of  the  insoluble  preparation, 
and  of  one  which  had  been  very  kindly  forwarded  to  this  laboratory 
by  Prof.  Beyerinck  of  Delft,  both  of  which  readily  hydrolysed  indican, 
was  made  at  varied  temperatures  on  solutions  of  kaempferitrin  with 
negative  result. 

Apart,  however,  from  the  question  of  enzyme  hydrolysis,  it  is  likely 
that  the  use  of  sulphuric  acid  when  manufacturing  indigo  from  the 
Java  plant  may  result  in  the  contamination  of  the  dye-stuff  with 
kaempferol.  In  this  case  the  wet  indigo  sludge  or  "  mal  "  is  boiled 
with  a  little  sulphuric  acid,  and  as  a  result  any  kaempferitrin  pre- 
sent in  the  adhering  water  would  naturally  be  transformed  into  the 
insoluble  colouring  matter  and  remain  with  the  indigo.  If  it  is  con- 
sidered that  the  fresh  leaf  will  yield  but  1  per  cent,  of  indigotin,  and 
that  it  may  also  contain  1  per  cent,  of  the  kaempferol  glucoside,  the 
presence  of  but  2  to  3  per  cent,  of  the  yellow  colouring  matter  in 
the  finished  indigo  cake  seems  quite  easy  of  explanation  in  this  way. 

The  author  is  indebted  to  the  Research  Fund  Committee  of  the 
Chemical  Society  for  a  grant  which  has  been  in  part  employed  to  cover 
the  expenses  of  this  research. 

Clothworkers'  Research  Laboratory, 
The  UNivERsrrv, 
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XLIV. — Association  of  Phenols  in  the  Liquid  Condition. 

By  John  Theodore  Hewitt  and  Thomas  Field  Winmill. 

It  is  a  well  recognised  fact  that  substances  containing  hydroxyl 
groups  usually  form  associated  molecules  when  in  the  liquid  condition, 
the  results  obtained  in  this  direction  being  mainly  due  to  the 
researches  of  Ramsay  and  his  co-workers  (Ramsay  and  Shields,  FhU. 
Trans.,  1893,  184,  655  ;  Trans.,  1893,  63,  1089  ;  Aston  and  Ramsay, 
Trans.,  1894,  65,  167  ;  Zeitsch.  ph}/sikal.  Chem.,  1893,  12,  433  ;  1894, 
15,  89  ;  Ramsay,  ibid.,  15,  106). — These  authors  applied  a  method  indi- 
cated by  Edtvos  (Wied.  Annalen,  1886,  27,  452),  and  although  the 
method  of  calculation  employed  has  been  fully  explained  in  the  papers 
quoted,  a  short  reference  seems  desirable  here,  as  the  original  ex- 
pression was  subsequently  modified. 

The  assumption  made  by  Ramsay  and  Shields  in  their  first  paper 
was  that 

j^_d\y{Mvf^] 
dt 
should  be  the  same  for  different  liquids  when  y  is  the  surface  tension, 
M  the  molecular  weight  of  substance,  v  the  specific  volume,  and  t  the 
temperature.  This  expression  holds  for  substances  which  are  non- 
associated  in  the  liquid  state,  and  a  large  number  of  compounds  gave 
a  mean  value  of  this  coefficient  equal  to  2"121,  This  number  is  not 
appreciably  exceeded  except  in  particular  cases  where  experimental 
errors  are  likely  to  arise.  A  lower  value  is,  however,  frequently  found 
and  in  such  cases  the  molecular  complexity  may  be  deduced.  For  if 
K'  be  the  coefficient  found  experimentally,  the  assumed  molecular 
weight,  M,  in  the  calculation  should  be  multiplied  by 

'2-12r 


K' 

in  order  to  obtain  the  mean  molecular  weight  of  the  liquid.  The  quantity 
X  was  at  first  described  as  the  factor  of  association,  but  has  since  been' 
shown  to  be  probably  greater  than  the  average  complexity.  Van  der 
Waals  [Zeitsch.  physikal.  Chem.,  1894, 13, 657)  substituted  the  expression 


_  ^(t'-t)-1-( 


for  that  given  by  Ramsay  ;  whilst  Ramsay  (Proc.  Roy.  Soc,  1894,  56, 
175,  and  Zeitsch.  physikal.  Chem.,  1894,  15,  112),  finding  that  the  values 
for  the  molecular  surface  energy  are  generally  well  satisfied  by  the 
expressions  of  the  form 

i  +flT 
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where  t  is  the   temperature  expressed  in   degrees  below  the  critical 
point,  deduces  the  equation 

for  calculating  the  factor   of  association.     The    effect    of    these    cor- 
rections, is  shown  in  the  annexed  table  : 

Ramsay  and  Shields  Van  dor  Waals  Ramsay 

Substance.                  (uncorrected).  (corrected).  (corrected). 

Water    3-8      (0—10°)             I'Q      (0°)  1-707(0°) 

Methyl  alcohol     ...         3-43  (16— 46  )             2-1    (20)  2-32(20) 

Ethyl          „         ...         2-74(16-40)             1-61(20)  1-65(20) 

Acetic  acid    3-62(16—46)                  —  2-13(20) 

Subsequent  workers  who  have  used  this  method  for  the  determina- 
tion of  molecular  complexity  have  simply  used  the  uncorrected  ex- 
pression :  reference  may  be  made  to  the  papers  of  Bottomley  (who 
points  out  that  his  results  on  account  of  being  uncorrected  are 
probably  too  high,  Trans.,  1903,  83,  1421)  on  the  molecular  foimulse 
of  fused  salts  and  of  G.  Carrara  and  G.  Ferrari  {Gazzetta,  1906,  36, 
419)  on  the  complexity  of  various  aliphatic  compounds. 

Among.st  the  hydroxylic  compounds  examined  by  Ramsay  and 
Shields  {loc.  cit.)  are  a  number  of  alcohols  and  fatty  acids  ;  one  notices 
that  these  substances  are  always  associated,  but  the  greatest  devia- 
tions are  observed  with  the  substances  of  lowest  molecular  weight  (as 
deduced  from  vapour  density) ;  namely,  the  larger  the  groups  attached 
to  carbinol  or  carboxyl,  the  less  is  the  tendency  towards  association. 

Of  phenolic  compounds  but  little  is  known  as  to  the  degree  of 
association.  Ramsay  and  Shields's  paper  (Trans.,  1893,  63,  1101) 
contains  measurements  for  guaiacol;  these  furnish  association  factors  of 
1-08  between  19  6°  and  46-0°,  and  of  0-96  between  46°  and  78°,  whilst 
phenol,  on  the  other  hand,  exhibits  very  considerable  association 
(Trans.,  1894,  65,  168).  Evidently  the  methoxyl  group  is'responsible 
for  this  hindering  of  association,  whilst  the  association  of  phenol  itself 
must  be  referred  to  its  hydroxyl  group,  seeing  that  the  parent  sub- 
stance, benzene,  is  non-associated  {loc.  cit,  p.  1100).  But  whether  the 
action  of  the  methoxyl  group  is  specific  or  due  also  to  its  position  in 
the  molecule  cannot  immediately  be  determined  from  the  data  given, 
although  the  work  of  Auwers  on  the  molecular  weight  of  phenols  win 
benzene  and  naphthalene  solutions  would  lead  to  the  conclusion  that 
orientation  must  have  a  decided  influence. 

In  conjunction  with  Bartsch,  Beveridge,  Dohrn,  Ewing,  Gierig, 
Innes,  Mann,  Orton,  Smith,  and  Walker-,  Auwers  has  carried  out 
extensive  cryoscopic  investigations  on  the  molecular  weights  of 
alcoholic  and  phenolic  compounds  dissolved  in  non-hydroxylic  solvents 
{Zeitsch.  physihal.  Ghem.,  1893,  12,  689  ;  1894,  15,  33  ;  1895,  18,  595  ; 
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1896,  21,  337;  1899,  30,  300;  1900,  32,  39;  1903,  42,  51;  Ber., 
1895,  28,  2878;  1898,  31,  3037).  The  results  obtained  have  proved 
conclusively  that  alcohols  and  phenols  generally  form  associated 
molecules  in  benzene  and  naphthalene  solutions,  and  also  that  the 
association  may  be  inhibited  partially  or  entirely  by  introduction 
of  substituents  ortho  to  the  hydroxyl  group  in  the  case  of  phenolic 
compounds. 

It  is  consequently  a  matter  of  interest  to  learn  whether  this  non- 
association  is  true  in  the  limiting  case,  namely,  when  the  compound  in 
question  is  simply  fused  but  not  dissolved  in  another  liquid.  The 
results  obtained  were  of  such  a  character  as  amply  to  demonstrate  the 
inhibiting  influence  of  ortho- substituents.  In  calculating  the  results 
the  original  formula  given  by  Ramsay  and  Shields  has  been  adopted ; 
the  results  are  consequently  probably  too  high  in  those  cases  where 
association  occurs,  nevertheless  the  existence  of  association  is  indicated 
and  corrections  could  not  very  well  be  applied,  as  the  critical  points  of 
the  substances  examined  have  only  been  determined  in  a  few  cases, 
whilst  in  others  they  would  be  indeterminable  owing  to  the  decom- 
position which  occurs  at  higher  temperatures. 

Experimental. 

(a)  Apparatus. — The  apparatus  employed  in  these  experiments  is  of 
a  modified  description ;  on  the  one  hand  the  errors  due  to  contact  with 
air  had  to  be  avoided,  on  the  other  the  apparatus  designed  by  Ramsay 
and  Shields  was  inapplicable  on  account  of  the  fact  that  several  of  the 
substances  examined  undergo  considerable  decomposition  when  raised 
to  their  boiling  points.  A  piece  of  capillary  tubing  of  uniform  bore 
was  bent  and  fused  to  a  larger  piece  of  tubing  with  a  diameter  of  2  cm. 
The  wider  tube  was  fitted  with  a  sound  rubber  stopper  through  which 
a  tube  was  inserted,  this  and  the  end  of  the  capillary  tube  being 
connected  with  rubber  pressure  tubing  to  a  T-piece.  The  third  arm  of 
the  T-piece  was  joined  by  rubber  tubing,  capable  of  being  closed  by  a 
pinch-cock,  with  a  tube  connected  on  the  one  hand  with  a  gauge,  on  the 
other  with  a  Fleuss  pump,  washing  bottles  being  placed  between  the  pump 
and  the  apparatus.  The  pump  was  thoroughly  overhauled  prior  to  the 
experiments  and  was  lubricated  with  an  oil  of  very  low  vapour-pressure, 
so  that  the  air-pressure  in  the  whole  system  could  be  reduced  to  a  few 
millimetres.  Evacuation  was  effected  when  the  portion  of  the 
apparatus  in  which  the  capillary  rise  was  determined  was  already 
warm,  in  this  way  any  air  error  may  be  reduced  to  a  negligible 
amount.  The  results  obtained  in  the  case  of  phenol  itself  show  a  fair 
agreement  with  those  pubKshed  by  Ramsay,  Aston,  and  Shields, 
although  our  numbers  for  the  density  deviate  somewhat  from  those  given 
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by  Kopp.  Before  an  experiment  the  apparatus  was  cleaned  with 
alcohol,  water,  fuming  nitric  acid,  and  water,  in  succession,  and  was 
then  dried  by  a  current  of  air  at  1 00°.  Before  taking  a  reading  of  the 
capillary  rise  with  the  cathetometer,  the  appai-atus  was  tilted  so  as  to 
ensure  complete  wetting  of  the  sides  of  the  capillary  tube. 

The  capillary  tube  was  carefully  calibrated  by  measurement  of  the 
lengths  of  several  different  threads  of  mercury,  and  only  such  tubing 
was  employed  as  proved  to  have  an  even  bore. 

For  a  bath,  a  beaker  containing  approximately  1^  litres  of  liquid 
was  employed,  the  liquids  used  being  water,  glycerol,  or  parafl&n  ;  on  one 
occasion  concentrated  sulphuric  acid  was  employed.  With  this  quantity 
of  liquid  and  regulation  of  the  heating  flame  it  was  possible  to  keep 


the  temperature  within  0'1°  for  at  least  fifteen  minutes.  The 
temperature  was  read  with  two  thermometers  graduated  in  tenths  of 
degrees  ;  these  had  been  calibrated  by  means  of  the  ice  point,  steam 
point  and  the  boiling  point  of  bromobenzene. 

The  densities  were  measured  at  some  definite  temperature  by  com- 
parison with  an  equal  volume  of  water  and  the  densities  at  other 
temperatures  deduced  by  measurement  of  the  expansion  in  dilatometers 
made  of  glass  the  coefficient  of  expansion  of  which  had  been  deter- 
mined. Two  dilatometers  were  employed,  one  with  a  capacity  of 
about  5  c.c,  the  other  of  about  9  c.c,  the  larger  dilatometer  being 
employed  in  all  cases  where  the  amount  of  material  sufiiced  for  the 
purpose. 
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Materials  Examined. — The  source  of  the  materials  and  guarantee  of 
their  purity  is  briefly  stated  below. 

Phenol. — "  Synthetic  "  phenol  of  Kahlbaum. 

o-Cresol. — Obtained  from  Schuchardt.  Refractionated  with  a  rod 
and  disc  column  (15  discs)  and  distilled  again  immediately  before  use. 
The  substance  shows  supercooling  to  a  marked  extent.  For  20°  below 
its  melting  point  the  supercooled  liquid  contracts  regularly. 

m-Cresol. — Merck's  "  extra  pure."  The  substance  gave  a  benzoyl 
derivative  by  the  Schotten-Baumann  method,  which,  without  any 
recrystallisatioD,  melted  within  1  5°  of  the  correct  value.  The  cresol 
was  fractionated  with  a  rod  and  disc  column  and  then  twice  rapidly 
distilled. 

l>-Cresol. — Obtained  from  Kahlbaum,  fractionated  with  a  rod  and 
disc  column,  a  fraction  boiling  within  0'25°  being  collected. 

o-Nitrophenol. — Prepared  from  redistilled  "absolute"  phenol.  The 
product  was  distilled  three  times  in  steam  and  then  dried.  On 
account  of  the  numbers  obtained  the  specimen  was  once  more  distilled 
in  a  current  of  steam ;  recrystallised  from  methyl  alcohol  and  dried  in 
a  vacuum,  A  repetition  of  the  density  and  capillarity  determinations 
gave  the  same  value  for  K. 

VQ.-Nitrophenol. — Purchased  from  Schuchardt  and  recrystallised  from 
benzene. 

■g-Nitroplienol. — Prepared  at  the  same  time  as  the  ortho-isomeride. 
The  substance  was  recrystallised  from  («)  concentrated  hydrochloric 
acid,  (i)  water  with  addition  of  animal  charcoal,  (c)  slightly  acidified 
water. 

o-Chlorophenol. — Purchased  from  Schuchardt,  once  fractionated  with 
rod  and  disc  column,  and  then  rapidly  distilled  twice.  The  determina- 
tions of  density  and  capillarity  were  twice  effected  with  practically 
identical  results. 

m-Chlorophenol. — Purchased  from  Schuchardt  and  fractionated 
(column),  boiling  point  constant. 

l>-Chlorophenol. — Purchased  from  Schuchardt,  fractionated  and  twice 
rapidly  distilled;  the  boiling  point  was  within  0"25° 

m.-Bromophenol. — Prepared  by  the  diazo-reaction  from  Kahlbaum's 
pure  m-bromoaniline ;  the  boiling  point  of  the  specimen  was  con- 
stant. 

•^-Bromophenol. — Purchased  from  Kahlbaum ;  the  melting  point  was 
within  1°. 

Ethyl  Salicylate. — Prepared  from  salicylic  acid,  absolute  alcohol,  and 
concentrated  sulphuric  acid.  The  boiling  point  was  constant  within 
0-25°.  The  densities  found,  being  appreciably  lower  than  those  given 
by  Delffs  {Jahresh.,  1854,  26),  were  re-determined  and  their  values 
confirmed. 
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Ethyl  ra-IIydroxyhenzoate. — Prepared  like  the  salicylate  and  re- 
crystallised  successively  from  light  petroleum  and  benzene. 

Ethyl  p-Hydroxybenzoate. — Prepared  like  its  isomerides  and  re- 
crystallised  once  from  absolute  alcohol  and  twice  from  benzene. 

Benzyl  Alcohol. — Made  from  benzaldehyde  by  the  Cannizzaro  re- 
action, twice  fractionated  with  a  rod  and  disc  column,  and  then  twice 
rapidly  distilled. 

Benzhydrol. — From  benzaldehyde  and  magnesium  phenyl  bromide, 
recrystallised  twice  from  alcohol. 

Triphenylcarhinol. — Purchased  from  Schuchardt ;  the  specimen 
melted  within  1°.  As  the  fused  substance  slowly  darkens,  the  point 
of  solidification  was  noted,  but  no  appreciable  decomposition  had  taken 
place. 

Results. 

The  following  record  of  the  results  given,  the  substance,  its 
molecular  weight,  the  temperature  {t),  the  observed  capillary  rise  (Ji), 
the  radius  of  the  capillary  tube  {r)  and  the  density  (p).  For 
economy  of  space  the  quantities  calculated  from  these  determinations 
are  omitted  with  the  exception  of 


j^^   [y{Mv)i\    -    biMvY^^ 
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Substance. 
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Discussion  of  the  Results. 

From  the  measurements  recorded  in  this  paper  it  -will  be  seen  that 
phenolic  compounds  like  the  alcohols  of  the  fatty  series  exhibit  asso- 
ciation in  the  liquid  condition.  It  is  evident  that  this  association  is 
conditioned  by  the  hydroxyl  group,  and  that  such  association  may 
undergo  steric  hindrance  by  the  introduction  of  groups*  in  the  ortho- 
position.  The  results  obtained  for  the  molecular  complexity  by  the 
capillarity  method  closely  follow  the  results  of  Auwers,  using  the 
freezing  point  method  with  non-hydroxylic  solvents  for  the  detection 
of  the  formation  of  complex  molecules. 

In  the  prevention  of  association  two  factors  have  to  be  taken  into 
account,  first  the  position  and  secondly  the  nature  of  the  protecting 
group.  It  will  be  noted  in  the  table  of  results  that  in  the  case  of 
isomerides  the  effect  is  most  marked  (namely,  the  degree  of  associa- 
tion is  least)  when  an  ortho-compound  is  examined,  and  that  generally 
the  para-derivatives  are  more  nearly  normal  than  the  corresponding 
meta-isomerides ;  one  naturally  arrives  at  the  conclusion  that  the 
relative  nearness  of  the  positions  is  represented  by  the  order  ortho, 
para,  meta. 

The  second  factor  with  regard  to  the  substituent  is  its  intrinsic 
nature.  The  maximum  effect  amongst  the  group  examined  is  exerted 
by  the  nitro-  and  carbethoxy-groups,  followed  by  the  halogens,  and 
finally  methyl.  One  might  be  inclined  to  attribute  the  effect  to  the 
negativity  of  the  entrant  group  were  it  not  that  if  this  is  the  only 
quality  necessary  to  prevent  association  the  cresols  should  show  much 
the  same  degree  of  association  as  phenol  itself,  whereas  experiment 
proves  that  o-cresol  gives  very  nearly  normal  values  for  the  constant 
K.  We  are  inclined,  in  agreement  with  Victor  Meyer  and  Sudborough, 
to  attribute  the  effect,  at  least  partly,  to  the  volume  of  the  protecting 
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group,  and  it  was  in  the  hope  of  confirming  our  views  that  we 
extended  the  investigation  to  the  phenol  carbinols.  It  might  again  be 
argued  that  the  negative  nature  of  the  phenyl  group  was  responsible, 
and  an  examination  of  similarly  constituted  aliphatic  alcohols  would 
have  been  desii'able,  had  not  G.  Carrara  and  G.  Ferrari  {Gazzetta, 
1906,  36,  419)  already  determined  the  constants  for  various  alcohols 
which  are  in  favour  of  the  views  set  forth  in  this  communication. 
The  following  table  is  extracted  from  their  work  and  gives  the  associa- 
tion factors  for  normal  primary,  secondary,  and  tertiary  butyl  alcohols  : 
Normal  alcohol.  Secondary  alcohol.  Tertiarj'  alcohol. 


Temperature. 
22—30° 

2-978 

Temperature. 
24—34° 

2-191 

Temperature. 
26—36" 

X. 

1  934 

30—40 

2-728 

34—41 

1-589  - 

36—40 

1-515 

40—50 

1-99 

41—52 

1-306 

40—45 

1-268 

Ooe  peculiar  result  which  attracted  attention  is  the  value  for  x 
obtained  in  the  case  of  o-nitrophenol.  This  led  to  a  very  careful 
purification  of  the  compound  and  a  redetermination  of  its  constants  ; 
the  result  was,  however,  not  affected.  We  may  point  out  that  Carrara 
and  Ferrari  (loc.  cit.)  observed  similar  abnormalities  in  the  case  of 
nitromethame,  a  substance  also  of  acidic  or  pseudo-acidic  character. 
The  03- values  they  obtain  for  this  compound  vary  from  0-935  in  the 
temperature  interval  20—31°  to  0-809  between  54°  and  59°. 

The  densities  of  the  substances  call  for  little  comment,  except  that 
the  molecular  volume  of  o-nitrophenol  is  markedly  greater  than  that 
of  its  isomeiides ;  in  fact,  the  molecular  volume  of  the  nitrophenols 
appears  to  be  greater  the  less  the  association. 

Evidently  since  the  hydroxyl  groups  are  responsible  for  the  associa- 
tion, a  certain  amount  of  "  residual  affinity  "  must  be  ascribed  to  them, 
and  two  possible  formulae  immediately  suggest  themselves,  namely  : 
R— O— H         ^      R^../H 

R_y_H  -d   p>o<oH- 

The  second  of  these  formulae  would  (as  Dr.  George  Young  pointed 
out  to  one  of  the  authors)  correspond  to  a  hydrate  of  an  ether,  and 
must  consequently  be  rejected. 

Experiments  were  instituted  to  determine  the  capillarity  values  of 
fused  azophenols,  but  had  to  be  abandoned  on  account  of  the  decom- 
position these  substances  undergo  above  their  melting  point.  Could 
the  research  have  been  further  extended  in  this  direction,  there  is  but 
little  doubt  that  the  results  of  Auwers  and  Orton  would  have  been 
confirmed,  and  the  ^-hj^droxyazo-compounds  would  have  exhibited 
slight  association,  the  o-derivatives  none.  Such  behaviour  would  be 
in  accordance  with  the  formulation  of  the  hydroxyazo-compounds  of 
both  sei'ies  as  azophenols  rather  than  as  quinone-hydrazones. 
East  London  College. 
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XLV. — The  Constitution  of  Hydroxyazo-compounds. 

By  William  Bbadshaw  Tuck. 

Although  the  constitution  of  the  ethers,  and  acetyl  and  benzoyl  deriv- 
atives of  the  hydroxyazo-compounds  has  been  settled  definitely  by 
means  of  their  reduction  products,  chemical  methods  have  failed  to 
decide  whether  the  parent  compounds  are  true  hydroxyazo-compounds, 
CgHji-NrN-CgH^-OH,  or  quinonehydrazones,  OeHg-NH-NICeH^iO. 

In  the  case  of  the  ethers,  for  example,  it  has  been  found  by  reduc- 
tion with  tin  and  hydrochloric  acid  that  benzeneazophenetole, 

CeH.-NIN-CeH^-OEt, 
is  first  converted  into  benzenehydrazophenetole, 
C^H.-NH-NH-CgH^-OEt, 
which  then  undergoes  fission  into  aniline  and  phenetidine  (Jacobsen 
and  Fischer,  Ber.,  1892,  25,  995).  In  this  way  it  is  conclusively 
proved  that  benzeneazophenetole  is  a  true  azo-derivative,  that  is,  its 
formula  is  Cc^Hg'NIN'CgH^'OEt.  Similarly,  evidence  is  available  in 
the  case  of  the  acetyl  and  benzoyl  derivatives.  It  is  evident,  however, 
in  the  case  of  the  free  hydroxyazo-compounds  that  the  constitution 
cannot  be  determined  by  reduction,  since  the  two  alternative  formulse, 
CgHg-NIN-C^H^-OH  and  CeH.-NH-NiCeH^IO,  yield  the  same  first 
reduction  product, CgH-*NH*NH*Cf.II^'OH.  Further,  no  decisive  con- 
clusions can  be  drawn  fi-om  substitution  compounds  owing  to  the  great 
ease  with  which  additive  compounds  are  produced.  Fx'om  the  chemical 
evidence  at  our  disposal,  it  is  evident  that  in  the  case  of  phydroxyazo- 
compounds  the  ethers  and  benzoyl  derivatives  possess  the  azo-configura- 
tion  ;  the  same  is  true  for  the  ethers  of  the  o-hydroxyazo-compounds, 
whilst  it  is  probable  that  the  benzoyl  derivatives  of  the  latter  are 
o-quinone  benzoylphenylhydrazones. 

From  previous  spectrographic  work  on  quinone,  hydrazones,  and  azo- 
compounds  (Baly  and  Stewart,  Trans.,  1906,  89,  502  ;  Baly  and  Tuck, 
Trans.,  1906,  89,  982),  it  seemed  probable  that  conclusive  evidence  of  the 
structure  of  the  hydroxyazo-compounds  could  be  obtained  by  an  examina- 
tion of  their  absorption  curves.  In  the  present  paper  the  absorption 
curves  of  several  of  these  substances,  their  ethers  and  benzoyl  deriv- 
atives, have  been  examined,  and,  as  was  hoped,  it  has  been  possible 
to  decide  definitely  the  constitution  of  free  hydroxyazo-compounds. 

The  absorption  curves  were  obtained  by  plotting  the  oscillation 
frequencies  of  the  limits  of  the  transmitted  light  against  the  logarithms 
of  thicknesses  of  i//10,000  solution  equivalent  to  the  concentrations 
used.     The   absorption  curves   are  given  in   Figures   1    to  8,   and  an 
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examination  of  these  show  that  the  o-  and  ^j-compounds  produce  a 
different  type  of  absorption,  and  for  purposes  of  convenience  thoy  will 
be  discussed  separately. 

Tlie  Para-compounds. 

The  compounds  of  this  class  which  have  been  examined  are  benzene- 
azophenol,  C^H^'NIN'O^H^-OH  ;  benzeneazo-wi-cresol, 

CoH5-n:n-<('   \oh, 

and  their  ethers  and  benzoyl  derivatives.  In  some  cases  the  effect  of 
hydrochloric  acid  and  sodium  ethoxide  upon  them  has  been  studied. 
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Fig.  1. 
Oscillation  frequencies. 
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Full  curve    Benzeneazophcnol  in  alcohol. 

Dotted  curve  ,,  in  co7icen' rated  hydrochloric  acid. 

Dot  aud  dash  curve..  ,,  i7i  alcoholic  sodium  ethoxide. 

In  Figs.  1  to  4  the  full  curves  are  those  of  benzeneazophenol, 
benzeneazophenetole,  benzeneazo-7?i-cresol,  benzeneazo-7>i-cresetole  re- 
spectively. The  curves  for  all  these  substances  are  very  similar,  and 
show  a  remarkable  analogy  to  that  of  azobenzene,  except  that  the 
sudden  extension,  which  occurs  between  the  frequencies  2000  and 
2400  in  the  hydroxyazo-compounds,  appears  in  azobenzene  as  a  well- 
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developed  band  (Baly  and  Tuck,  Trans.,  1906,  89,  982).  The  reason 
for  this  difference  will  be  discussed  later. 

The  close  resemblance  of  the  curves  for  the  ether  and  hydroxyl 
compounds  proves  conclusively  that  their  structure  is  similar,  except 
that  the  ethyl  group  replaces  a  hydrogen  atom.  As  it  is  imp  ssible 
for  the  ethyl  group  to  be  tautomeric,  it  follows  that  the  hydrogen 
atom  also  is  not  tautomeric  under  the  conditions  of  the  experiment, 
namely,  when  the  compounds  are  dissolved  in  alcohol. 

The  benzoyl   derivative  of   benzeneazophenol  (dot  and  dash  curve, 


Fig.  2. 
Oscillation  frequencies. 
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Full  curve   Benzeneazophenetole  in  alcohol. 

Dotted  curve  , ,  in  conce7itrated  hydrochloric 

Dot  aud  dash  curve.,     Benzoylbenzeneazophenol. 


acid. 


Fig.  2)  also  shows  a  very  close  relation  to  azobenzene,  as  was  to  be 
expected,  since  chemical  evidence  has  shown  that  they  have  the  azo- 
configuration. 

The  formula  for  ^>hydroxyazo-compounds  is  therefore  of  the  type 
CgHs-NIN-CeH^-OH,  not  CgH^-NH-NICeH^IO. 

The  same  conclusion  has  been  recently  arrived  at  (P.  Lemoult, 
Compt.  rend.,  1906,  143,  603)  by  a  study  of  the  heats  of  combustion 
of  these  compounds,  allowing  27  calories  for  the  thermal  characteristic 
of  the  azo-group  -NIN-. 
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Fig.  3. 
Oscillation  frequencies. 
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Full  curve   Benzeneazo-m-cresol  in  alcohol. 

Dotted  curve  ,,  in  concentrated  hydrochloric 

Dot  and  dash  curve..  ,,  in  alcoholic  sodium  ethoxide 


acid. 
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Fig.  4. 
Oscillation  frequencies. 
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Full  curve    Beiizeneazo-v\-cresetole  in  alcohol. 

Dotted  curve  ,,  ,,  in  concentrated  hydrochloric 

Dot  and  dash  curve. .  Azohenzene  in  concentrated  hydrochloric  acid. 

Dash  and  two  dots...  \\-Benzoquinonehenzoylphenylhydrazone. 


'^ 


acid. 
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The  hydrochlorides  of  the  />hydroxyazo-compounds  being  very 
different  in  colour  and  reactions  from  the  parent  compounds,  Hesvitt 
and  Pope  {Ber.,  1897,  30,  1625)  have  stated  that  their  constitution  must 
be  different,  and  that  they  are  really  hydrochlorides  of  quinone  hydr- 
azones.  In  view  of  this,  it  seems  necessary  to  ascertain  the  effect 
that  an  excess  of  hydrochloric  acid  has  on  the  absorption  spectra  of  these 
substances.  An  excess  of  hydrochloric  acid  is  necessary,  since  the 
additive  compounds  hydrolyse  with  great  ease ;  the  ratio  of  the  con- 
centration of  the  hydrochloric  acid  to  the  hydroxyazo-compound  was 
not  less  than  10,000:1.  The  dotted  curves.  Figs.  1  to  4,  show  the 
effect  produced  on  some  of  these  ^-hydroxyazo-compounds  and  their 
ethers.  It  may  be  seen  at  once  that  the  absorption  spectra  have 
altered  entirely,  and  that  the  change  produced  is  exactly  the  same 
in  each  case.  This  undoubtedly  proves  that  the  hydrochlorides  of 
both  the  free  j9-hydroxyazo-compounds  and  of  the  ethers  have  similar 
structures,  and  consequently  the  hydrochlorides  of  the  free  hydroxyl 
substances  have  an  azo-structure.  It  is  interesting  to  compare  these 
with  the  absorption  spectra  of  azobenzene  in  a  solution  coairaining  a 
large  excess  of  hydrochloric  acid  (dot  and  dash  curve,  Fig.  4). 


The  Ortho- compounds. 

The  compounds  of  this  class  which  have  been  investigated  are 
benzeneazo-/)-cresol,  ^^-tolueneazo-p-cresol,  their  ethers,  and  benzoyl 
derivatives. 

The  absorption  curves  (full  curves,  Figs.  6  and  8)  of  the  ethers 
agree  with  those  of  the  ethers  of  the  /^-compounds,  and  with  that  of 
azobenzene.  This  was  to  be  expected,  as  chemical  evidence  has  proved 
that  they  are  azo-derivatives.  The  benzoyl  derivatives  (dot  and  dasli 
curves,  Figs.  6  and  8),  on  the  other  hand,  give  very  different  spectra. 
It  has  been  suggested  from  chemical  evidence  (Goldschmidt  and 
Brubacher,  Ber.,  1884,  17,  352;  Oddo  and  Puxeddu,  GazzeUco,  1906, 
36,  ii,  1)  that  the  benzoyl  derivatives  of  o-hydroxyazo-compounds 
are  benzoylphenylhydrazones  of  o-quinone.  The  absorption  curves 
for  the  benzoyl  derivatives  show  a  very  close  relation  to  that  of 
benzoquinonebenzoylphenylhydrazone,  synthesised  from  benzoquinone 
and  benzoylphenylhydrazine,  allowing  for  the  fact  that  the  latter  is  a 
p-quinone  and  the  former  an  o-quinone  derivative.  There  can  therefore 
be  no  doubt  that  the  benzoyl  derivatives  are  in  the  quinone-hydrazone 
form. 

The  full  curves  of  Figs.  5  and  7,  which  are  those  of  benzeneazo- 
jo-cresol  and  p-tolueneazo-;)-cresol,  show  a  marked  agreement  with  those 
of  their  benzoyl  derivatives,  so  that    it  may  be  concluded    that    the 
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parent  compounds  are  o-quinonephenylhydrazones  and  are  derivatives, 
therefore,  of  o-benzoquinone, 

("    ')-nh-n:< 

~  O 

Fig.  5. 

Oscillation  frequencies. 

UiJi^cr  curves. 

Full  curve  Benzeneazo-ji-cresolin  alcohol. 

Dotted  curve....  ,,  ,,         in  concentrated  Jiydrochloric  acid. 

Dot  and  dash...  ,,  ,,         in  alcoholic  sodium  ethoxide. 
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Fig.  6. 

Oscillation  frequencies, 

Loicer  curves. 

Full  curve  Benzcncazo-]}-cresetole  in  alcohol. 

Dotted  curve  ...  ,,  „  in  concentrated  hydrochloi-ic  acid. 

Dot  and  dasli...     Benzoylhenzeneazo-\i-crcsol. 
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Fig.  7. 

Oscillation  frequeneies. 

Upper  curves. 

Full  curve  ^-Tolueneazo-T^-crcsol  in  alcohol. 

Dotted  curve  ...  ,,  ,,         in  concentrated  hydrochloric  acid. 

Dot  and  dash...  ,,  ,,         in  alcoholic  'Sa.O'E.t. 
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Fig.  8. 

Oscillation  frequencies. 

Lower  curves. 

Full  curve  jy-Tolueneazo-'p-cresctol  in  alcohol. 

Dotted  curve  ...  ,,  ,,  in  concentrated  hydrochloric 

Dot  and  dash...     Benzoylazo-'p-cresetole  in  alcohol. 


acid. 


The  results  obtained  in  this  investigation  are  directly  opposed  to 
the  hypothesis  of  "  mesohydry "  (Oddo  and  Puxeddu,  loc.  cit.),  or 
equilibrium  of  the   hydrogen  between  the  oxygen  and  the  nitrogen. 

H  H  2 
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Such  a  state  would,  from  the  analogy  of  onol-keto-tautomerism,  un- 
doubtedly'produce  a  characteristic  ultra-violet  absorption  band  in  the 
case  of  the  o-hydroxyazo-compounds,  which  would  be  aljsent  in  the 
benzoyl  derivatives.  The  absence  of  such  a  band  clearly  proves  that 
the  hydrogen  is  not  in  the  tautomeric  condition  required  by  the 
hypothesis  of  mesohydry. 

In  the  o-compounds  the  effect  of  hydrochloric  acid  on  both  the  ethers 
and  the  parent  compounds  is  exactly  the  same  (dotted  curves,  Figs.  5 
to  8).  From  this  it  may  be  concluded  that  both  hydrochlorides  have 
the  same  structure,  and  that  as  the  ethers  are  in  the  azo-form,  the 
hydrochlorides  of  the  parent  compounds  must  also  be  in  that  form. 
Thus  the  eifect  of  adding  hydrochloric  acid  to  o-hydroxyazo-compounds 
is  to  change  them  from  o-quinonehydrazones  to  azo-derivatives  : 

C^H^-NH-NIC^H^IO-i-HCl  — >  CeHs-NiN-CgH^'OH-fHCl. 

(1) 

The  reason  for  this  change  probably  lies  in  the  fact  that  the  hydro- 
chloric acid  in  adding  on  to  the  nitrogen  atom  (1)  causes  the  latter  to 
become  more  nearly  saturated  and  therefore  less  able  to  retain  the 
hydrogen  atom  against  the  great  attraction  of  the  oxygen. 

The  relation  of  the  absorption  curves  of  the  various  azo-compounds 
to  one  another  is  of  great  interest.  From  the  curves  given  it  may  be 
seen  that  when  a  large  amount  of  residual  affinity  is  in  close  proximity 
to  one  of  the  benzene  nuclei  of  azobenzene  as  in  the  case  of  the  hydroxyl 
compounds  and  their  ethers, 

CgHs'NIN-CeH^-OH  and  CeHs-NIN-CgH^-OEt, 

a  very  great  diminution  in  the  persistence  of  the  colour  band  occurs. 
If  the  residual  affinity  of  the  hydroxyl  group  is  decreased  by  replacing 
the  hydrogen  atom  by  an  acetyl  or  benzoyl  group,  the  curves  obtained 
approach  more  nearly  to  that  of  azobenzene. 

It  has  been  shown  (Baly  and  Collie,  Trans.,  1905,  87,  1332)  that 
unsaturation  in  the  a-position  to  a  benzene  ring  produces  a  very  great 
alteration  in  the  type  of  vibration. 

These  facts  are  of  considerable  interest  in  view  of  the  hypothesis, 
recently  put  forward,  with  regard  to  the  colour  of  azobenzene  (Baly  and 
Tuck,  Trans.,  1906,  89,  982).  According  to  this  view  the  colour  depends 
on  the  fact  that  the  benzene  nuclei  vibrate  mainly  along  the  two 
directions  indicated  by  the  dotted  lines, 


<3Z7-^-^' 
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the  extreme  phases  being 
5  6  6'  5' 


L-n:n-p- 


6  6'  5' 


4'       and        4:(f  l^-NIN"-^'  "^4'. 

/I      r 


_  _  3  2     "  2'  3' 

3  2  2'  3' 

Thus  the  carbon  atoms  1  and  1'  are  to  a  large  extent  unsaturated  and 
the  action  of  these  centres  of  unsaturation  on  the  unsaturated  group 
•NIN'  sets  up  the  isorropesis.  From  this  it  may  be  seen  at  once  that 
the  more  the  vibrations  of  the  benzene  rings  are  disturbed  the  greater 
will  be  the  diminution  of  the  persistence  of  the  isorropesis  band 
observed.  This  agrees  with  the  results  previously  obtained  by 
substitution  in  benzoquinone  (Stewart  and  Baly,  Trans.,  1906,  89, 
618).  Addition  of  sodium  ethoxide  to  solutions  of  the  ethers  of 
hydroxyazo-compounds  produces  absolutely  no  change,  but  when  added 
to  the  free  hydroxyl  compounds,  a  considerable  modification  of  the 
type  of  absorption  occurs. 

Conclusions. 

1.  The  ^-hydroxyazo-compounds  and  their  hydrochlorides  are  in  the 
true  azo-form,  for  example,  benzeneazophenol  is 


<;_;,.n:n.<^_;oh, 

2.  The  o-hydi'oxyazo-compounds  and  their  benzoyl  derivatives  are 
derivatives  of  o-benzoquinonebenzoylphenylhydrazone,  for  example, 
the  formulae  of  /i-tolueneazo-jo-cresol  and  its  benzoyl  derivatives  are 

CHg  _  _CH3 

CH„-^     \-NH-N:^     N  and    CH,/^     \-N~N:<^     ^. 
O  C-OPh    o 

3.  The  hydrochlorides  of  the  o-hydroxyazo-compounds  are  derivatives 
of  true  azo-compounds. 

1  should  like  to  express  my  hearty  thanks  to  Prof.  Collie  and 
Mr.  Baly  for  the  interest  they  have  taken  in  the  progress  of  these 
experiments.  I  also  wish  to  thank  Mr.  Baly  for  the  facilities  he  has 
afforded  me  in  carrying  out  this  research.  I  am  indebted  to  the 
Chemical  Society  for  a  grant  in  aid  of  the  work. 
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XLVI, — Resolution  of  Tetrahydro-i)-toluquinaldine  into 
its  Optically  Active  Components. 

By  William  Jackson  Pope  and  Thomas  Constantine  Beck. 

TiiK  jnethods  of  resolving  externally  compensated  bases  into  their 
optically  active  components,  which  have  been  developed  by  Pope, 
Peachey,  Eich,  and  Harvey  (Trans.,  1898,  73,  893;  1899,75,  1066, 
109.3,  and  1127),  have  led  to  the  accumulation  of  evidence  proving 
that  optical  activity  results  from  asymmetry,  not  only  of  the  carbon 
atom,  but  also  of  nitrogen,  sulphur,  selenium,  and  tin  atoms  in  the 
quinque-  and  quadri-valent  states  of  combination.  The  application  of 
these  methods  involves  the  use  of  a  strong  optically  active  acid,  and 
those  available  for  the  described  purpose  have  hitherto  been  the  d-  and 
^ttTT-bi-omo-  and  chloro-camphorsulphonic  acids  of  Kipping  and  Pope 
(Trans.,  1895,  67,  354)  and  the  d-  and  Z-)8-camphorsulphonic  acids  of 
Reychler  (Trans.,  1899,  75,  1105) ;  the  use  of  the  d-  and  Z-7r-camphor- 
sulphonic  acids  of  Kipping  and  Pope  (Trans.,  1893,  63,  548)  for  this 
purpose  is  necessarily  limited  by  the  difficulty  of  preparing  these  acids 
in  large  quantities. 

As  the  usefulness  of  the  methods  in  question  would  obviously  be 
extended  if  strong  optically  active  acids  other  than  those  above-men- 
tioned were  available,  it  seemed  desirable  to  examine  the  applicability 
of  the  c?-a^-bromocamphorsulphonic  acid  of  Armstrong  and  Lowry 
(Trans.,  1902,  81,  1441)  in  connexion  with  the  Pope  and  Peachey 
method.  The  most  specialised  case  of  the  method  is  that  of  Pope  and 
Rich  (Trans.,  1899,  75,  1093),  in  which  crystallisation  is  induced  in 
a  solution  containing  two  equivalents  {d-B,  l-B,  2HCI)  of  the  hydro- 
chloride or  other  salt  of  aQ  externally  compensated  base,  and  one 
equivalent  of  an  alkali  or  ammonium  salt  (NH3,  d-  or  I- A)  of  an 
optically  active  acid  ;  the  reaction  proceeds  in  accordance  with  the 
following  equation  : 

d-B,  UOl  +  l-B,  HCl-f-NHg,  d-A=d-B,  d-A+l-B,  HCl -f- NH3,HCL 

As  has  been  previously  shown,  the  least  soluble  salt  {d-B,  d-A,  or 
l-B,  d-A),  of  which  the  formation  is  possible  in  the  system,  crystallises 
out,  leaving  ammonium  and  the  other  component  of  the  externally 
compensated  base  in  solution  as  the  more  soluble  salt  with  a  mineral 
acid  (l-B,  HCl). 

In  view  of  the  rapidity  and  convenience  of  this  method  of  working, 
we  have  again  investigated  the  resolution  of  externally  compensated 
tetrahydro-^j-toluquinaldine '  into  its  optically  active  components  in 
order  to  ascertain  whether  the  cZ-a^-bromocamphorsulphonic  acid  of 
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Armstrong  and  Lowry  can  be  usefully  employed  in  carrying  out  the 
method  of  resolution. 


Resolution  of  Tetrahydro-^-toluquinaldine. 

On  adding  to  a  concentrated  warm  aqueous  solution  of  externally 
compensated  tetrahydro-^-toluquinaldine  hydrochloride  (two  equi- 
valents) an  aqueous  solution  of  ammonium  c?-a;8-bromocamphorsul- 
phonate  (one  equivalent),  and  allowing  to  cool,  a  nearly  quantitative 
separation  of  crystalline  (Z-tetrahydro-/?-toluquinaldine  (Z-a^-bromo- 
camphorsulphonate  occurs.  After  recrystallisation  from  ethyl  acetate 
the  salt  is  obtained  in  colourless  needles  melting  at  170 — 172°;  it  is 
readily  soluble  in  alcohol  or  moist  acetone,  and  sparingly  so  in  ethyl 
acetate  or  water  : 

0-1763  gave  0-3435  CO,  and  0-1003  H^O.     C  =  63-13  ;  H  =  6-32. 

0-2297     „     0-4502  CO2    „    0-1305  HgO.     C  =  53-45 ;  H  =  6-31. 

CaiHgoOaNBrS  requires  0  =  53-39  ;  H  =  6-21  per  cent. 

0-3142  gram,  made  up  to  25  c.c.  with  water,  gave  an  +2-37°  in  a 
200  mm.  tube;  whence  [ajo  +  94-3°  and  [MJ^  +445°. 

On  treating  the  salt  with  soda  it  yielded  fZ-tetx"ahydro-/)-toluquin- 
aldine  which  had  the  specific  rotatory  power  of  [ajn  +  79-3°  in  a  2  per 
cent,  benzene  solution,  and  otherwise  corresponded  with  the  base 
obtained  by  Pope  and  Rich  (loc.  cit.). 

The  crude  Z-base  liberated  on  adding  caustic  soda  to  the  mother 
liquors  remaining  after  the  first  separation  of  the  salt  of  the  cZ-base, 
after  solution  in  hydrochloric  acid,  is  conveniently  treated  with 
ammonium  cZ-a7r-bromocamphorsulphonate,  as  described  by  Pope  and 
Rich,  for  the  purpose  of  separating  from  it  pure  ^-tetrahydro-jt?- 
toluquinaldine  cZ-a7r-bromocamphorsulphate.  In  an  actual  experiment 
it  was  found  that  26  grams  of  externally  compensated  base  yielded 
by  one  treatment  as  described  with  each  of  the  isomeric  bromocamphor- 
sulphonic  acids  10-5  grams  of  pure  c?-base  and  7-5  grams  of  the  pure 
Isevo-isomeride. 

1-Tetrahydro-Tp-toluquinaldine  dafi-Bromocamphorsulphonate. 

For  purposes  of  comparison  it  was  convenient  to  prepare  ^-tetra- 
hydro-jo-toluquinaldine  fZ-a/3-bromocamphorsulphonate  from  pure  ^base 
and  (Z-acid ;  the  salt  crystallised  in  colourless,  flattened  needles  melting 
at  171—172°  : 


0-2850  gave  0-5561  00.^  and  0-1650  H^O.     0  =  53-21 ;  H  =  6-43. 
0-2831     „     0-5544  OO2     „    0-1633  H^O.     0  =  53-41  ;  H  =  6-40. 
OgiHggOgNBrS  requires  0  =  53-39;  H  =  6-21  percent. 
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0"2659  giam,  made  up  to  25  c.c.  with  water,  gave  aj^  +  0'74'^  in 
a  200  mm.  tube  ;  whence  [a]^  +  34-8°  and  [M]u  +  1 64-2° 

The  two  salts,  d-B,  d-A,  and  l-B,  d-A,  thus  have  the  molecular 
rotatory  powers  +164"2°and  +  445°  respectively  ;  the  sum  of  these 
values  is  twice  the  molecular  rotatory  power  of  the  acid  ion  and  the 
difference  is  twice  the  molecular  rotatory  power  of  the  basic  ion.  The 
molecular  rotatory  power  calculated  for  the  ion  of  the  c/-acid  is  thus 
+  304-5°  and  that  for  the  ion  of  the  cZ-base  is  +140-4°.  The  latter 
value  agrees  closely  with  the  value  +139-5°  obtained  by  Pope  antl 
Rich  for  the  hydrochloride  ;  the  former  value  is  practically  identical 
with  that  of  +  304-3°  deduced  below  from  the  examination  of  the 
ammonium  and  calcium  salts  of  cZ-a/J-bromocamphorsulphonic  acid. 

0-4348  gram  of  calcium  (Z-a;8-bromocamphorsulphonate  dried  at  100 ', 
made  up  to  25  c.c.  with  water,  gave  ar,  +3-21°  in  a  200  mm.  tube  ; 
whence  [a ]d    +  92-3°  and  [M]d    +304-5°. 

0-9004  gram  of  ammonium  (Z-a^-bromocamphorsulphonate,  contain- 
ing 2H2O,  made  up  to  25  c.c.  with  water,  gave  aD  +  7-55°  in  a  200  mm. 
tube;  whence  [ajo    +  83-55°  and  [M]d  +304-1°. 

It  is  thus  shown  that  another  strong  optically  active  acid,  in  addi- 
tion to  those  previously  used,  is  available  for  the  resolution  of  extern- 
ally compensated  bases  into  their  optically  active  components.  We 
are  at  present  engaged  in  studying  the  resolution  of  externally  com- 
pensated bases  containing  asymmetric  atoms  other  than  those  of  carbon 
with  the  aid  of  this  acid. 

Municipal  School  of  Technology, 

Victoria  University  of  Manchester. 


XLVIL — Displacement  of  Halogens  hy  Hydroxyl.  I. 
The  Hydrolytic  Decomposition  of  Hydrogen  and 
Sodium  Monochloroacetates  hy  Water  and  by  Alkali, 
and  the  Influence  of  Neutral  Salts  on  the  Reaction 
Velocities. 

By  George  Senter. 

In  the  course  of  certain  experiments  on  the  temperature-coefficients  of 
chemical  reactions,  I  had  occasion  to  investigate  the  mechanism  of  the 
displacement  of  chlorine  by  hydroxyl  in  chloroacetic  acid  and  some  of 
its  salts.  As  the  preliminary  observations  indicated  that  the  reactions 
were  not  so  simple  as  had  befen  anticipated,  and  the  results  promised 
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to  be  of  interest  for  the  general  question  of  chemical  dynamics,  the 
problem  was  studied  systematically,  and  the  present  paper  contains  an 
account  of  the  results  so  far  obtaiued. 

The  hydrolytic  decomposition  of  chloroacetic  acid  by  hot  water  was 
investigated  by  Buchanan  (Ber.,  1871,  4,  863),  and  later  in  van't 
Hoff's  laboratory  by  Schwab  (van't  Hoff,  Studien  zur  Chemischen 
Bynamik).  It  proceeds  quantitatively  according  to  the  equa- 
tion CH2Cl-C02H  +  H20  =  Oa-CH2-C02H  +  HCl,  and  is  therefore  a 
unimolecular  reaction,  as  Schwab  found.  The  rate  of  decomposition 
of  sodium  chloroacetate  by  sodium  hydroxide  was  also  investigated  by 
Schwab  (loc.  cit.)  ;  in  dilute  solution  it  is  represented  by  the  equa- 
tion CH2Cl-C02Na  +  NaOH  =  OH-CH^-COgH  +  NaCl,  and  is  of  interest 
as  being  the  chemical  change  on  which  van't  Hoff  based  his  treatment 
of  bimoleoular  reactions.  Further,  the  rate  of  decomposition  of  certain 
chloroacetates  by  water  at  high  temperatures  has  been  investigated  by 
Kastle  and  Keiser  {Amer.  Chem.  J.,  1893,  15,  471),  who  found  that 
the  reaction  velocity  is  almost  independent  of  the  base  with  which 
the  chloroacetic  acid  is  combined.  Within  the  last  few  months, 
Euler  -^Ber.,  1906,  39,  2726)  has  published  the  results  of  some  experi- 
ments on  the  rate  of  reaction  between  silver  nitrate  and  chloro- 
acetic acid  and  certain  other  halogen  compounds.  The  general  question 
of  the  reactivity  of  organic  halogen  compounds  has  been  dealt  with  by 
many  investigators,  more  particularly  by  Hecht,  Conrad,  and  Bruckner 
{Zeitsch.  fhysihal.  Chem.,  1889—1891,  3—7),  by  Nef  {AnnaUn,  1899, 
309,  126),  and  by  Burke  and  Donnan  (Trans.,  190-1,  85,  555), 
but  in  no  case  has  the  mechanism  of  the  change  been  satisfactorily 
elucidated. 

In  the  present  paper  it  is  shown,  by  varying  the  initial  concentra- 
tion, that  the  hydrolysis  of  chloi^oacetic  acid,  according  to  the  equation 
CH2Ci-C02H  +  H20  =  OH-CH2-C02H  +  HCl  is  strictly  proportional  to 
the  acid  concentration  within  wide  limits  ;  the  reaction  velocity  is  not 
greatly  affected  by  hydrogen  chloride,  or  by  such  neutral  salts  as 
sodium  chloride  and  potassium  nitrate  in  normal  solution. 

The  rate  of  decomposition  of  sodium  chloroacetate  in  aqueous  solu- 
tion at  lU2°  has  also  been  measured  ;  in  dilute  solution  it  is  unimole- 
cular, but  stronger  solutions  sho^\'  slight  deviations  from  the  simple 
law.     The  rate  of  reaction  is  diminished  by  certain  neutral  salts. 

The  rate  of  interaction  of  sodium  chloroacetate  and  sodium  and 
potassium  hydroxides  at  102°,  according  to  the  equation 

CHgCl-COaNa  -f  NaOH  =  OH-CH2-C02Na  H-  NaCl, 
has  also  been  measmed ;  only  in  dilute  solution  is  the  action  strictly 
bimolecular.     The  rate  of  change  was  accelerated  by  all  the  neutral 
salts  tried  without  exception. 

It  is  further  shown  that   sodium  chloroacetate  is   hydrolysed    by 
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water  at  about  1/lOth  of  the  rate  at  which  N/IO  sodium  hydroxide 
effects  the  change,  and  that  the  former  reaction  is  scarcely  affected  by 
hydrogen  cliloride,  results  which  are  not  in  accord  with  current  views 
as  to  the  relative  activity  of  water  and  alkali  as  hydrolytic  agents. 
The  influeuce  of  neutral  salts  on  the  rate  of  chemical  reactions  in 
which  Oil'  ions  take  part  is  considered  in  the  light  of  the  results 
given  in  this  paper  and  of  those  previously  obtained  by  Arrhenius 
[Zeitsch.  physikal.  Clvem.,  1887,  1,  110).  As  bearing  on  these  observa- 
tions, the  general  question  of  the  effect  of  neutral  salts  in  accelerating 
certain  chemical  reactions,  more  particularly  those  in  which  dilute 
acids  are  concerned  (for  which  much  experimental  material  is  avail- 
able), is  discussed  in  the  following  section. 

Effect  of  Neutral  Salts  on  the  Activity  of  Acids. 

It  has  long  been  known  that  the  activity  of  dilute  acids,  as  shown, 
for  example,  in  the  catalytic  effect  they  exert  on  the  hydrolytic  decom- 
position of  suci'ose,  is  increased  by  the  addition  of  neutral  salts  which 
themselves  do  not  effect  the  hydrolysis ;  this  effect  may  shortly  be 
designated  "neutral  salt  action."  On  account  of  its  importance  for  the 
theory  of  solutions,  this  phenomenon  has  been  often  investigated,  more 
particularly  by  Lowenthal  and  Lenssen  (J.  pr.  Chem..  1862,  85,  321, 
401),  Spohr  {J.  pr.  Chem.,  1886,  33,  272),  Arrhenius  {Zeitsch.  physikal. 
Chem.,  1889,  4,  226  ;  1899,  31,  197),  and  Kay  {Proc.  Roy.  Soc.  Edin., 
1898,  22,  484).  The  general  outcome  of  the  investigations  has  been  to 
show  that  in  all  cases  the  reaction  is  accelerated  by  compounds  which 
are  highly  ionised  in  aqueous  solution,  whilst  non-electrolytes  have 
practically  no  effect.  The  essential  features  of  the  phenomenon  are 
shown  in  the  accompanying  table,  which  gives  the  results  obtained 
by  Arrhenius  for  the  rate  of  inversion  of  a  10  per  cent,  solution  of 
sucrose ;  the  concentration  of  acid  and  salt,  the  temperature,  and  the 
velocity  constant  are  given  in  the  table  : 

3fagnitude  of  Neutral  Salt  Action  (Arrhenius). 

Composition  of  solution.     Temperature.  I:           Increase  per  cent. 

0-05  HCl  39-5°  31-9  — 

-f-0-4KaCl    ,,  36-8  25-3 

+  0-4LiCl     ,,  36-9  26-4 

+  0-4NH4C1    ,,  37-0  26-4 

+  0-2  CaCU  ,,  37-5  26-9 

+  0-2MgCi2 ,,  37-4  26-5 

0-0005  HCl  53-8  17-)F  — 

+  0-18  HgCl.    ,,  18-0  1-7 

The  most  striking  fact  shown  by  the  table  is  that  in  equivalent 
solution  neutral  salts  which  are  electrolytes  exert  practically  the  same 
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effect.  As  the  neutral  salt  action  is  proportionately  greater  the  more 
dilute  the  acid  solution,  it  follows  that  the  chlorides  referred  to  in 
the  first  part  of  the  table  are  at  least  twenty  times  more  active  than 
mercuric  chloride. 

Several  suggestions  have  been  made  to  account  for  neutral  salt 
action.  Lbwenthal  and  Lenssen  were  of  opinion  that  it  was  due  to 
the  salts  combining  with  water,  the  concentrations  of  the  reacting 
substances  being  thus  increased,  Arrhenius  at  first  considered  that  it 
was  due  to  the  effect  of  the  ions  of  the  salt  on  the  hydrogen  ions ;  in 
his  latest  pronouncement  on  the  subject  he  suggests  that  the  neutral 
salts  increase  the  osmotic  pressure  of  the  sucrose  {Text-Book  of  Electro- 
chemistry, p.  109).  In  a  recent  paper,  R.  J.  Caldwell  (Proe.  Roy.  Soc, 
1906,  78,  A,  272),  working  under  the  direction  of  Prof.  Armstrong, 
has  revived  the  suggestion  of  Lowenthal  and  Lenssen ;  he  considers 
that,  in  consequence  of  the  withdrawal  of  part  of  the  water  to  form  a 
hydrate  with  the  neutral  salt,  the  ratio  of  acid  to  "  free  "  solvent  is 
increased  ;  in  other  words,  the  acid  solution  becomes  more  highly  con- 
centrated, and  the  hydrolysis  of  the  sugar  is  effected  more  rapidly. 
From  the  amount  of  water  which  must  be  added  to  reduce  the  velocity 
constant  to  the  normal  value,  the  amount  of  water  in  combina- 
tion with  the  salt — the  degree  of  hydration — is  obtained.  The  values 
at  25°  are  as  follows:  KCl,10H2O ;  NaCl,13Ho0  3  BaCl2,19H20; 
CaCl2,22H20. 

With  the  view  of  testing  the  above  hypothesis,  Caldwell  has  com- 
pared the  degrees  of  hydration  thus  arrived  at  with  those  obtained 
by  Jones  and  his  co-workers  [Zeitsch.  physikal.  Chem.,  1906,  55, 
355)  by  other  methods ;  the  agreement  is  satisfactory  only  for  two 
of  the  instances  quoted  above.  This,  however,  is  perhaps  not  to  be 
regarded  as  an  argument  against  the  hypothesis,  as  the  degrees  of 
hydration  calculated  by  Jones  do  not  appear  very  trustworthy ;  in 
particular,  the  rapid  increase  of  hydration  with  dilution  which  he 
obtains  in  some  cases  is  in  opposition  to  the  requirements  of  the  law 
of  mass  action.  It  seems  desirable,  therefore,  to  test  the  conse- 
quences of  the  hydrate  hypothesis  of  neutral  salt  action  more  fully. 
In  the  following  paragraphs,  on  the  basis  of  the  summary  of 
experimental  results  given  above  (1)  the  relative  neutral  salt  action 
of  different  salts,  (2)  the  effect  of  temperature,  (3)  the  effect  of  neutral 
salts  on  other  reactions,  are  considered,  and  the  conclusion  is  drawn 
that  the  hydrate  hypothesis  does  not  account  for  the  experimental 
facts. 

(1)  The  Comparative  Effects  of  Different  Salts. — Thei^e  is  a  good  deal 
of  evidence,  which  cannot  be  given  here  in  detail  (compare  Baur, 
Ahrens'  Sammlung,  1903,  8,  478  ;  Geffcken,  Zeitsch.  physikal.  Chem., 
1904,  49,  257),  to  the  effect  that  nitrates  of  alkali  metals  are  only 
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slightly,  if  at  all,  hydrated  in  solution,  and  that  the  degree  of  hydra- 
tion increases  from  chlorides  to  sulphates;  this  behaviour  is  exactly 
what  is  to  be  expected  from  the  known  properties  of  the  solid  salts. 
There  is  no  such  variation  of  neutral  salt  action ;  the  results  of 
Arrhenius,  Spohr,  Kay,  and  others  show  that  in  equivalent  solu- 
tion the  effect  is  practically  independent  of  the  nature  of  the  salt, 
the  activity  of  potassium  chloride  and  nitrate  being  the  same  as  that 
of  calcium  and  magnesium  chloride  in  equivalent  solution  (compare 
table,  p.  462).  As  regards  positive  groups,  Kohlrausch  {Proc.  Roy.  Sac, 
1903,  71,  338),  fi'om  measurements  of  the  relative  migration  velocity 
of  sodium,  potassium,  and  lithium  ions,  has  expressed  the  opinion  that 
the  latter  are  most  highly  hydrated  in  solution,  and  the  same  conclusion 
has  been  reached  in  another  way  by  Jones  (Zeitsch.  physikal.  C'hem., 
1906,55,  429).  Consequently,  if  the  hydrate  hypothesis  of  neutral  salt 
action  is  tenable,  lithium  salts  ought  to  have  a  much  greater  effect 
than  sodium  and  potassium  salts  with  the  same  negative  ion,  but  the 
observations  of  Arrhenius  and  of  Kay  [loc.  cit.)  show  conclusively 
that  this  is  not  the  case. 

(2)  The  Effect  of  Change  of  T'emperature  on  Neutral  Salt  Action. — 
Various  considerations  lead  to  the  conclusion  that  if  hydrates  exist  in 
solution,  their  complexity  must  decrease  rapidly  with  rise  of  tempera- 
ture. Thus  it  is  a  well-known  fact  that  the  higher  the  temperature, 
the  smaller  is  the  number  of  molecules  of  solvent  with  which  salts 
separate  from  solution.  Further,  the  amount  of  heat  evolved  when 
salts  combine  with  water  is  generally  large,  and  from  the  Horstmann- 
van't  Hoff  law  on  the  relation  between  heat  development  and  displace- 
ment of  equilibrium  it  follows  at  once  that  the  number  of  water 
molecules  associated  with  the  solute  must  diminish  rapidly  with  rise 
of  temperature.  In  accordance  with  these  a  priori  considerations, 
Jones  {loc.  cit.,  p.  430)  considers  that  "  the  greater  part  of  the  water 
can  be  withdrawn  from  these  compounds  at  temperatures  only  a  little 
above  100°. 

In  striking  contrast  to  these  observations,  the  effect  of  change  of 
temperature  on  neutral  salt  action  is  very  slight.  Arrhenius  found 
that  the  increase  in  the  activity  of  hydrobromic  acid  due  to  the 
addition  of  04  mol.  potassium  bromide  at  25°,  39*4°,  and  52°  amounted 
to  32,  36,  and  33  per  cent,  respectively.  Spohr  [loc.  cit.)  and  Euler 
{Zeitsch.  physikal.  Chem.,  1900,  32,  348)  found  a  vei'y  slight  decrease 
of  the  neutral  salt  effect  with  rise  of  temperature.  These  observations 
cannot  readily  be  reconciled  with  the  suggestion  that  the  effect  in 
question  is  due  to  hydrate  formation. 

(3)  The  Effect  of  Neutral  Salts  on  other  Reactions. — This  may  be 
illustrated  by  the  action  of  sodium  chloride  on  the  rate  of  a  simple 
unimolecular  reaction,  for  example,  the  hydx'olytic  decomposition  of 
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carbon  oxysulphide,  COS,  by  water  at  25°,  investigated  by  Buckbock 
{Zeitsch.  physikal.  Chem.,  1900,  34,  229).  If  sodium  chloride  takes  up 
a  large  proportion  of  water,  the  ratio  between  the  oxysulphide  and  the 
free  solvent  will  be  increased,  and  a  greater  rate  of  hydrolysis  may 
be  expected.  As  a  matter  of  fact,  the  rate  is  practically  the  same  in 
iV^-sodium  chloride  solution  and  in  pure  water. 

These  conclusions  are  confirmed  by  the  results  with  neutral  salts 
described  in  the  present  paper,  and  some  evidence  is  adduced  to  show 
that  the  earlier  suggestion  of  Arrhenius,  that  neutral  salt  action  is  due 
to  the  action  of  the  ions  of  the  salt  on  H'  or  OH'  ions,  has  most  in  its 
favour.  It  is  quite  possible  that  in  some  cases  neutral  salts  may 
accelerate  chemical  actions  owing  to  association  with  the  solvent,  but 
the  general  phenomenon  does  not  seem  to  be  adequately  accounted  for 
in  this  way. 

Experimental. 

Methods  of  Measuring  Velocities. 

The  chloroacetic  acid  used  in  the  investigation  was  obtained  from 
Kahlbaum  ;  its  purity  was  controlled  by  titration  with  standard  alkali. 
The  neutral  salts  were  also  Kahlbaum's  preparations.  The  sodium 
chloroacetate  solutions  were  prepared  by  mixing  solutions  of  chloro- 
acetic acid  and  sodium  hydroxide  of  equivalent  strength.  Distilled 
water,  free  from  carbon  dioxide,  was  used  in  preparing  the  solutions 
and  in  the  titrations. 

A  constant  temperature  for  the  experiments  was  attained  by  means 
of  a  thermostat  filled  with  glycerol  and  provided  with  an  Ostwald 
thermoregulator  containing  quinoline.  As  the  majority  of  the  experi- 
ments were  made  at  high  temperatures,  water  could  not  be  used  as  the 
thermostat  liquid,  but  glycerol  proved  satisfactory  in  every  way.  The 
temperature  remained  constant  thi-oughout  an  experiment  to  0-2°,  in 
most  cases  to  0'1°,  but  as  in  all  cases  comparison  experiments  were 
made,  the  results  described  in  the  present  paper  are  practically 
independent  of  slight  changes  of  temperature. 

The  reacting  substances,  enclosed  in  sealed  Jena  glass  tubes  which 
had  previously  been  carefully  steamed  out,  were  heated  at  the  required 
temperature  for  definite  periods,  then  cooled  rapidly  to  the  ordinary 
temperature  (which  practically  stopped  the  reaction)  and  titrated.  In 
the  experiments  with  chloroacetic  acid  and  with  sodium  chloroacetate, 
the  course  of  the  reaction  was  followed  by  titrating  the  acid  with  iV/10 
ammonia,  using  lacmoid  as  indicator.  It  was  shown  by  preliminary 
experiments  that  this  method  gives  trustworthy  results,  not  only  with 
the  mixture  of  hydrochloric  and  glycollic  acids  resulting  from  the  hydro- 
lysis of  chloroacetic  acid,  but  also  in  the  presence  of  such  neutral  salts 
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as  sodium  chloride  and  potassium  nitrate.  In  the  experiments  with 
sodium  hydroxide,  the  free  alkali  was  titrated  with  A/20  sulphuric 
acid,  using  lacmoid  as  indicator ;  this  method  is  also  trustworthy  in 
the  presence  of  the  neutral  salts  employed  in  the  present  series  of 
experiments. 

Although,  from  considerations  of  space,  only  one  set  of  experiments 
is  usually  quoted,  the  results  were  confirmed  by  two  or  three 
independent  series  of  observations,  the  agreement  being  in  all  cases 
satisfactory. 

Results. 

Hydrolysis  of  Chloroacetic  Acid. — As  the  constants  for  a  unimole- 
cular  reaction,  calculated  from  Schwab's  results,  are  somewhat  irre- 
gular, it  was  considered  desirable  to  determine  the  order  of  the  reaction 
more  conclusively  by  varying  the  initial  concentration  within  fairly 
wide  limits.  The  experiments  were  carried  out  at  102°,  as  described 
above.  The  values  of  k=ljt\ogC„jCt  where  t  represents  the  time  in 
minutes,  and  Co  and  Ct  the  initial  concentration  and  that  at  the  time 
t  respectively,  are  given  in  Table  I  : 

Table  I.— Temperature  102°. 


Chloroacetic  acid 

Chloroacetic  acid. 

concentration. 

k  =  l/i]ogCo/C't. 

concentration. 

k=l/tlogCo/Ot. 

JV/2 

0-00046 

iV78 

0-00048 

iV/4 

0-00048 

iV^/16  

0-00049 

It  is  clear  fx*om  these  results  that,  within  the  limits  of  experimental 
eiTor,  the  rate  of  reaction  is  strictly  proportional  to  the  chloroacetic 
acid  concentration. 

As  the  constants  do  not  decrease  to  any  appreciable  extent  during 
the  reaction,  it  follows  that  the  hydrochloric  acid  produced  in  the 
course  of  the  decomposition  has  very  little  effect.  To  test  this  point 
further,  a  series  of  experiments  was  carried  out  with  iV/4  chloroacetic 
acid  and  varying  concentrations  of  hydrochloric  acid,  the  results  of 
which  are  given  in  Table  II.  The  chloroacetic  acid  concentration, 
Ct,  is  expressed  in  c.c.  of  .Ay  10  ammonium  hydroxide  required  for 
neutralisation  : 

Table  II. 

Chloroacetic  acid  JV/i.     Temperature  102°. 
No  HCl.  N/i  HCl.  iV72  HCl. 


t  (min.). 
0 
900 
3240 

24-9 

16-1 

6-0 

k. 

0-00048 
0-00044 

Ct. 
24-9 
16-9 

6-4 

k. 

0-00043 
0-00042 

Cf 
24-9 
17-3 

6-9 

k. 

0-00040 
0  00040 

From  these  results  it  is  clear  that  hydrochloric  acid  exerts  a  slight 
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retarding  effect ;  if  we  compare  the  first  stage  of  the  reaction  when  no 
acid  is  added  with  that  in  the  presence  of  Nj^  acid,  it  appears  that  the 
latter  retards  the  change  in  the  ratio  48  :  40. 

The  influence  of  sodium  chloride  and  potassium  nitrate  on  the  reaction 
has  been  studied  at  102°  with  the  following  results  : 

Composition  of  sohition.  k. 

iV/5-Chloroacetic  acid 0-00051 

,,                 „    +WI/1  NaCl    0-00051 

„                 „    +m/l  KNO3  0-00053 

The  probable  mechanism  of  the  reaction  will  now  be  considered. 
Chloroacetic  acid  is  a  comparatively  weak  acid ;  from  the  value  of  the 
dissociation  constant,  as  given  by  Ostwald,  it  can  readily  be  shown 
that  in  NjA.  solution  it  is  approximately  iVySO  with  regard  to  H*  and 
CH2C1'C02'  ions.     According  to  the  law  of  mass  action,  the 

CH^Cl-COg' 
ion  concentration  is  reduced  to  a  small  fraction  (less  than  1/10)  of  its 
original  value  by  the  addition  of  Nj'I  HCl,  which  does  not  seinously 
affect  the  reaction  velocity  ;  it  thus  appears  that  it  is  the  undissoci- 
ated  acid  which  undergoes  hydrolytic  decomposition.  Similar  reason- 
ing shows  that  OH'  ions  are  not  concerned  in  the  time  reaction,  which 
may  therefore  be  represented  by  the  equation 

CH2C1-C02H  +  HgO  =  OH-CH2'C02H  +  HCl. 
An  explanation  on  the  lines  of  that  suggested  by  Lobry  de  Bruyn  and 
Steger  for  the  reaction  between  ethyl  iodide  and  sodium  ethoxide,  that 
the  time  reaction  is  the  dissociation  of  the  halogen  alkyl  with  liberation 
of  halogen  ions,  cannot  apply  in  this  case,  because  sodium  chloride  does 
not  affect  the  reaction  velocity. 

Bevan  {Proc.  Camh.  Phil.  S'oc,  1906,  13,  269),  who  has  followed  this 
reaction  by  means  of  conductivity  measurements,  has  obtained  evidence 
of  a  period  of  induction,  and  a  possible  explanation  of  this  observation 
is  that  the  water  and  chloroacetic  acid  unite  to  form  a  compound  which 
breaks  down  into  glycollic  and  hydrochloric  acids.   It  may  be  suggested 

that  the  compound  in  question  is  C02H'CH2C1\tt  >  the  chlorine  be- 
coming tervalent,  and  that  the  reaction  completes  itself  by  elimination 
of  hydrochloric  acid.  It  remains  to  decide  whether  it  is  the  rate  of 
formation  or  the  rate  of  decomposition  of  this  compound  which  is 
actually  measured.  The  observation  that  hydrochloric  acid  retards 
the  rate  of  reaction,  as  shown  above,  appears  to  indicate  that  the  latter 
alternative  is  the  correct  one. 

Hydrolytic  Decomjjosition  of  Sodium  Chloroacetate  by  Water. — The 
chloroacetate  solutions  were  prepared  by  mixing  equivalent  solutions 
of  the  acid  and  sodium  hydroxide  and  diluting  to  the  required  strength. 
The  experiments  were  carried  out  as  described  above.     The  following 
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typical  results  indicate  the  course  of  the  reaction  in  dilute  solution, 
the  concentrations  being  expressed  in  c.c.  of  i\710  ammonium  hydr- 
oxide equivalent  to  the  (combined)  acid  present. 


Table  III. —Temperature  102°. 

Soilium  cliloroacotate,  0'2  inolai(10  c.c).       Sodiumchloroacetate,0'05molar(20c.c.). 


t  (mill.). 

6'salt. 

k. 

t  (min.). 

Csalt. 

k. 

0 

20-0 

— 

0 

10-0 

— 

120 

16-0 

0-00]85 

120 

8-2 

0-00165 

240 

12-7 

0-00188 

240 

6-7 

0-00167 

360 

10-4 

0-00182 

360 

5-6 

0-00161 

1560 

3-6 

0-00108 

1560 

2-0 

0-00104 

Sodium 

chloroacetate, 

0-2  molar. 

Sodium 

chloroacetate, 

1  0  molar. 

t  (mill.). 

Csalt. 

k. 

t  (min.). 

Csalt. 

k. 

0 

19-9 

— 

0 

99-5 

— 

60 

17-7 

0-00195 

60 

77-0 

0-00425 

180 

14-1 

0-00189 

180 

48-8 

0-00395 

300 

11-3 

0-00189 

300 

35-3 

0-00345 

It  will  be  observed  that  in  the  more  dilute  solutions  the  rate  of 
reaction  is  strictly  proportional  to  the  chloroacetate  concentration 
until  half  the  reaction  is  complete,  beyond  which  point  it  diminishes 
greatly.  In  stronger  solutions  the  constants  diminish  somewhat 
during  the  first  stage  of  the  reaction. 

It  will  further  be  observed  that  the  value  of  k  for  a  unimolecular 
reaction  is  much  greater  for  a  molar  than  for  a  1/10  molar  solution. 
In  order  to  determine  how  the  value  of  k  varies  with  the  amount  of 
salt  present,  a  series  of  observations  was  made  with  widely  different 
initial  concentrations;  the  results  of  which  are  given  in  Table  IV  : 


Table  IV.— Temperature  102°. 


Sodium  chloroacetate 
concentration. 
1  -0  molar 
0-5     ,, 
0-2     „ 


k. 
0-00395 
0-00240 
0-00189 


Sodium  chloroacetate 
concentration, 
0  1  molar 
0-05    ,, 
0-025  „ 


k. 
0-00170 
0-00166 
0-00165 


For  solutions  less  than  0*1  molar,  the  velocity  is  practically  indepen- 
dent of  the  concentration,  as  required  for  a  unimolecular  reaction  ;  with 
stronger  solutions  it  increases  rapidly  with  increasing  concentration. 

A  few  experiments  were  made  to  determine  whether  the  rate  at 
which  chlorine  is  replaced  by  hydroxyl  varies  according  to  the  base 
with  which  the  chloroacetic  acid  is  combined.  The  results  of  typical 
experiments  are  given  in  the  accompanying  table  : 
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Table  V.— Temperature  102°. 
CHsCl-CO.Na  w/5.  CHaCl-COoK  m/5.  (CHoCl-COoX^Ba  w/lO. 


t  (mill 

).) 

C'salt. 

k. 

C'salt. 

k. 

C'salt. 

k. 

0 

60 

180 

330 

19-9 
17-7 
14-2 
10-8 

0-00195 
0-00187 
0-00184 

19-9 
17-5 
14-2 
10-6 

0-00201 
0-00187 
0-00191 

19-9 
17-9 
14-4 
11-0 

0-00185 
0-00180 
0-00180 

These  numbers  show  that,  within  the  limits  of  experimental  error, 
the  salts  undergo  hydrolysis  at  the  same  rate,  independently  of  the 
nature  of  the  base,  as  Kastle  {loc.  cit.)  also  found. 

Influence  of  Neutral  Salts. — The  influence  of  solutions  of  sodium  and 
potassium  chlorides  and  nitrates  on  the  rate  of  reaction  has  been 
measured  and  the  results  are  summarised  in  the  accompanying  table  : 

Table  VI.— Temperature  102°. 

Composition  of  sohition. 
Sodium  cbloroacetate  7)i/10    

„  ,,  „      +]SraCl  w/2  

,,  ,,  ,,      +NaCl  mjl  

,,                   ,,               ,,      H-NaNOgm/l   .... 
Sodium  chloroacetate  ??i/5  

,,  ,,  ,,      +]SraCI?rt/l     

,,  ,,  ,,      +KC1  mjl   

,,  ,,  ,,      +KN03Wi/l   

Potassium  chloroacetate  w/5 

,,  ,,  ,,    +KC1  mjl  


k  =  lltAogC,IC, 

0-00172 

0-00135 

0-00103 

0-00172 

0-00180 

0-00130 

0-00160 

0-00178 

0-00185 

0-00170 

It  will  be  seen  that,  whereas  sodium  chloride  has  a  considei^able 
retarding  effect  on  the  rate  of  reaction,  the  action  of  potassium  chloride 
is  slight,  and  that  of  the  nitrates  negligible. 

The  probable  mechanism  of  the  reaction  is  discussed  in  connexion 
with  the  corresponding  reaction  with  sodium  hydroxide  (p.  471). 

Ilydrolysis  of  Sodium  Chloroacetate  hy  Sodium  Hydroxide. — 
Schwab  {loc.  cit.)  has  shown  that  in  dilute  solution  the  hydrolytic 
decomposition  of  sodium  chloroacetate  by  sodium  hydroxide  is  a 
bimolecular  reaction,  but  that  with  different  initial  concentrations 
the  constants  decrease  with  dilution  until  about  1/20  molar  solution  is 
reached,  beyond  which  point  they  remain  constant.  My  observations, 
carried  out  at  102°,  are  in  satisfactory  agreement  with  those  of 
Schwab,  except  that  my  absolute  values  are  somewhat  lower.  "Whilst 
Schwab  obtains  0-163  for  k=  Yjcgt  a/a  —  x  where  Cq  represents  the  con- 
centration, t  the  time  in  minutes,  and  a  and  a  —  x  the  titration  equiva- 
lents of  the  alkali  at  the  commencement  of  the  experiment  and  at  the 
time  t  respectively  (the  salt  and  hydroxide  being  used  in  equivalent 
solution),    I    find   that,  when   account   is  taken  of   the   expansion   of 

VOL.  XCI.  I   I 
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the  solution  and  consequently  slightly  diminished  concentration  on 
heating  to  102°,  yfc  =  0-176  at  the  latter  temperature.  The  results  are 
summarised  in  the  accompanying  table ;  owing  to  the  great  speed  of 
the  reaction  at  102°,  the  investigation  of  solutions  above  0  2  molar  is 
impracticable  : 

Table  VII.— Temperature  102°. 


Concentration. 
0-2  molar 
0-1     „ 


k. 
0-193 
0-176 


Concentration. 
0-05  molar 
0-025  „ 


k. 
0-170 
0-168 


With  the  object  of  determining  whether  the  rate  of  hydrolysis 
depends  on  the  nature  of  the  base,  comparative  experiments  were  made 
with  0-1  molar  solutions  of  sodium  chloroacetate  and  hydroxides  and 
potassium  chloroacetate  and  hydroxide  respectively.  The  mean  value 
of  the  constant  in  the  former  case  was  0-176  and  in  the  latter  case 
0-1 80  (Table  VIII),  an  agreement  within  the  limits  of  experimental  error, 
so  that  the  hydrolysis  is  in  all  probability  effected  by  the  OH'  ions. 

Effect  of  Neutral  Salts. — The  influence  of  sodium  chloride,  nitrate,  and 
sulphate  and  of  potassium  chloride  and  nitrate  on  the  rate  of  reaction 
has  been  investigated.  The  results  of  a  typical  series  of  experiments 
are  given  in  the  following  table,  and  the  other  results  are  summarised  : 


Table  VI IL— Temperature  102°. 


Sodium 

chloroacetate,  0-1  molar 

» 

hydroxide,  0-1  molar. 

t  (niin.). 

a  -  X.                  k. 

0 

37-0                  — 

60 

13-0                0-176 

180 

9-0                0-173 

Sodium  chloroacetate  and  hydroxide, 

0-1  molar. 

Sodium  chloride,  1-0  molar. 


t  (min.). 
0 
60 
180 


a-x. 

37-0 

15-7 

7-5 


0-226 
0-219 


Potassium  chloroacetate,  0-1  molar. 
,,  hydroxide,  0-1  molar. 


t  (min.). 

a-x. 

0 

37-0 

60 

17-8 

180 

8-9 

0-180 
0-176 

Potassium  chloroacetate  and  hydroxide, 

0-1  molar. 

Potassium  chloride,  1-0  molai'. 

k. 


0-235 
0-227 


t  (min. ). 

a-x. 

0 

37-0 

60 

15-3 

180 

7-2 

These  results  show  that  sodium  and  potassium  chlorides  accelerate 
the  action  of  the  respective  hydroxides  to  exactly  the  same  extent. 

The  mean  value  of  all  the  observations  at  102°  withO  -1  molar  solutions 
of  sodium  chloroacetate  and  hydroxide  and  different  neutral  salts  are  as 
follows  : 


Neutral  salt ... 

None 

NaCl  1  '0  m 

KCll-Om 

Value  oik 

0-175 

0-226 

0-231 

NaXOgl-Om 
0-232 


Na2SO4  0-5??i 
0-236 


One  series  of  observations,  also  with  0*1  molar  solutions,  was  made 
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at  a  much  lower  temperature,  485°,  the  results  of  which,  expressed  in 
the  same  units  as  those  at  the  higher  temperature,  are  appended  : 

Neutral  salt    None  NaCl  1  "0  m         NaN03  1  "0  m 

Valueof^  0-00074  00011  0-0012 

The  neutral  salt  action  is  somewhat  greater  at  the  lower  tempera- 
ture. 

Discussion  of  Results. 

Hydrolytic   Decomposition  of  Sodium  Ghloroacetate  by   Water. — The 
question  as  to  whether  it  is  the  undissociated  salt  or  the  chloroacetate 
ion  -which   undergoes   hydrolysis  will  first  be  considered.     The  data 
available  for  elucidating  the   mechanism   of  the  change  are:  (1)   the 
variation   of    the   velocity  constant  -with  concentration  (p.   468),  the 
ratio  of  the  rates  of  hydrolysis  of  hydrogen,  sodium,  and  other  chloro- 
acetates  ;  (3)  the  influence  of   neutral  salts  on  the  reaction  (p.  470). 
As  regards  the  first  point,  it  has  been  shown  that  in  very  dilute  solu- 
tion   the    velocity    is  strictly    proportional  to  the  concentration,  but 
increases  more  rapidly  than  the  concentration  in  stronger  solutions. 
At  first  sight  it  seems  plausible  to  suppose  that  it  is  the  undissociated 
salt  which  is  being  acted  on.  If  this  were  the  case,  the  degree  of  dissocia- 
tion being  smaller   in  the  relatively  stronger  solutions,  the  increase 
of   velocity   with   concentration    would    be   accounted   for,   and   this 
suggestion  has  actually  been  made  by  Ostwald  in  discussing  Kastle's 
results.     Further  consideration  shows,  however,  that  this  view  is  in- 
compatible with  the  strictly  unimolecular  character    of  the   change 
in  very  dilute  solution,  as  well  as  with  the  effect  of  neutral  salts,  which 
in  the  circumstances    ought  to  accelerate  the  change,  whereas  they 
exert  a  slight  retarding  effect.     The  comparative  rates  of  hydrolysis 
of   chloroacetic   acid  and    the  chloroacetates   do  not  seem  to   throw 
much  light  on  the  question.     The  ratio  of  the  velocity  constants  for  the 
acid  and  the  sodium  salt  in  equivalent  solution  at  the  same  temperature 
is  0"00048  :  0-00170 — approximately  1  :  3*6 — and  this  increased  velocity 
may  be  accounted  for  either  by  supposing  that  on  replacing  hydrogen 
by    sodium   the    resulting    non-ionised    salt    exchanges    chlorine     for 
hydroxyl  more  readily  than  the   acid  does,  or  by  assuming  that  the 
chloroacetate  ion  is  more  reactive  than  the  non-ionised  acid.     The  fact 
that  barium,  potassium,  and  sodium  chloroacetates  undergo  hydrolysis 
cannot  be  regarded  as  convincing  evidence  that  only  the  chloroacetate 
ion  is  being  acted  on  in  in  each  case.  Apart  from  the  replacement  of  non- 
ionised  acid  in  the  one  case  by  non-ionised  salt  and  ions  in  the  other, 
the  two  reactions  are  strictly  comparable,  as  it  has  been  shown  that 
neither  of  them  is  greatly  affected  in  the  first  stage  of  decomposition 
by  the  hydrogen  chloride  set  free. 

Bearing  all  these  facts  in   mind     and   laying  most  stress  on  the 

I  I  2 


472      RENTER:   DISPLACEMENT   OF   HALOGENS   BY   HYDROXYL.      J. 

I'elation  between  reaction-velocity  and  concentratioo,  the  lesults 
would  seem  to  be  most  readily  accounted  for  by  the  view  that  both  the 
undissociated  salt  and  the  chloroacetate  ion  undergo  hydrolysis,  the 
former  about  three  or  four  more  times  rapidly  than  the  latter.  In 
strong  solutions,  therefore,  the  main  reaction  is  expressed  by  the 
equation  :  CHaCl-CO^Na  +  H2O  =  OH-CH2-C02H  +  HCl,  and  in 
solutions  less  than  i\710,  by  the  equation:  CH2C1*C02' +  H2O  = 
OH-CHg-COs'  +  HCl. 

The  question  cannot  yet  be  regarded  as  finally  settled  and  the  inves- 
tigation is  being  continued  with  other  chloroacetates.  Sodium  chloro- 
acetate reacts  more  rapidly  than  the  corresponding  acid  with  silver 
nitrate,  and  Euler  (loc.  cit.,  p.  2729)  considers  that  in  the  latter  case 
it  is  the  chloroacetate  ion  which  is  affected, 

Ilydrolytic  Deconipositioti  of  Sodium  Chloroacetate  hy  Sodium 
Hydroxide. — It  is  of  interest  to  compare  the  rates  at  which  chloroacetic 
acid  and  its  sodium  salt  are  decomposed  by  water  and  alkali,  as 
shown  in  the  accompanying  table  : 

Reacting  substances   Chloroacetic  Sodium  chloro-  Sodium  chloro- 


Values  of  ^  

Comparative  rates  of  hydrolysis 


acid  and 

acetate  and 

acetate  and 

water 

water 

sodium  hydr- 
oxide (i\710) 

0-00049 

0-0017 

0-0175 

1 

3-6 

36 

As  the  reaction  velocity  with  sodium  hydroxide  was  measured  in  NjXO- 
solution,  the  constant  in  Table  YIII  must  be  divided  by  ten  to  obtain 
comparable  values. 

It  appears  from  the  above  that  the  sodium  chloroacetate  is 
hydrolysed  ten  times  more  rapidly  by  iVYlO  sodium  hydroxide  than  by 
water  under  the  same  conditions  ;  the  fact  that  in  the  latter  case  the 
solution  becomes  acid  immediately  hydrolysis  commences  does  not,  as 
we  have  seen,  affect  the  reaction  to  a  serious  extent.  The  differences 
between  this  result  and  those  obtained  by  Ostwald,  Reicher,  and 
others  for  the  hydrolysis  of  esters  are  most  striking.  As  is  well 
known,  methyl  acetate  is  hydrolysed  by  water  with  extreme  slowness  ; 
the  reaction  is  greatly  accelerated  by  the  addition  of  dilute  acids  and 
to  a  much  greater  extent  by  free  alkali.  A  comparison  of  the  activity 
of  alkalis  and  acids  shows  that  the  former  are  about  1000  times  as 
effective  as  the  latter  in  equivalent  concentration.  According  to  the 
electrolytic  dissociation  theory  it  is  considered  that  in  alkaline  solution 
the  hydroxyl  ions  act  directly  on  the  ester  according  to  the  typical 
equation,  CH3-C02-CH3-f  OH'^CHg-COa' -t- CHg-OH,  the  negative 
charge  of  the  hydroxyl  being  transferred  to  the  acid  group.  As  regards 
the  influence  of  acids,  it  is  considered  either  that  the  hydrogen  ions 
react  directly   with   the  ester,'  or  that  they  accelerate  the  action  of 
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water  on  the  latter,  aud  many  other  examples  of  the  catalytic  action  of 
hydrogen  ions  are  known. 

A  similar  explanation  for  the  reactions  described  in  this  paper  is 
obviously  out  of  the  question.  As  the  product  of  the  concentration  of 
H'  and  OH'  ions  is  constant,  it  is  clear  that  the  OH'  ion  concentra- 
tion in  sodium  chloroacetate  solution  (in  absence  of  alkali)  after 
hydrolysis  has  commenced  is  exceedingly  small,  and  yet  hydrolysis 
takes  place  with  one-tenth  of  the  rapidity  observed  in  jY/IO  sodium 
hydroxide  solution.  Unless  the  improbable  assumption  is  made  that 
what  is  being  measured  in  these  cases  is  an  isomeric  transformation  of 
the  chloroacetate  molecule,  the  results  are  most  readily  accounted  for 
on  the  view  that  the  hydrolysis  of  the  chloroacetate  is  effected  by  un- 
dissociated  water  molecules,  and  the  mechanism  of  the  reaction  may 
correspond  with  that  suggested  for  the  acid  itself  (p.  467). 

If  this  suggestion  is  accepted,  we  have  to  account  for  the  remarkable 
fact  that  3710  alkali  acts  only  about  ten  times  more  rapidly  than 
water.  That  this  is  not  the  case  in  general  has  been  proved  by 
some  preliminary  experiments  with  monochlorohydrin, 

0H-CH2-CH(0H)-CH,C1, 
which  is  transformed  to  glycerol  at  an  enormously  greater  rate  by 
alkali  than  by  water.  It  might  be  supposed  that  in  the  former 
case  the  presence  of  sodium  in  the  COgNa  group  retards  the  action  of 
the  corresponding  hydroxide  on  the  neighbouring  CHjCl  group ;  but 
the  evidence  given  in  this  paper  seems  to  show  conclusively  that  it  is 
the  OH'  ion  and  not  the  non-ionised  sodium  hydroxide  which  reacts 
with  the  chloroacetate  molecule.  It  is  hoped  that  the  investigation  of 
other  reactions  will  throw  some  light  on  the  subject. 

A  comparison  of  Tables  IV  and  VII  shows  that  the  deviations  from  the 
simple  law  of  the  proportionality  of  velocity  constant  and  concentra- 
tion are  approximately  the  same  in  each  instance,  and,  as  calculation 
shows  that  they  are  much  greater  than  any  error  due  to  neglecting 
the  solution-volume  of  the  salt,  it  seems  justifiable  to  conclude  that 
in  the  hydrolytic  decomposition  of  sodium  chloroacetate  by  water  and 
by  alkali  it  is  the  same  function  of  the  salt  which  is  concerned  in  each 
case. 

Effects  of  Neutral  Salts  on  the  Activity  of  Hydroxyl  Ions. 

From  the  table  on  p.  470  it  is  clear  that  the  hydrolytic  decomposition 
of  sodium  chloroacetate  by  sodium  hydroxide  is  accelerated  by  all  the 
neutral  salts  used,  and  to  about  the  same  extent.  To  obtain  the  true 
accelerating  effect,  however,  it  is  necessary  to  take  into  account  that 
the  salts  also  depress  the  ionisation  of  the  alkali,  so  that  the  observed 
velocity  in  the  presence  of  neutral  salts  is  duetto  a  smaller  concentra- 
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tion  of  OH'  ions  than  that  in  the  original  solution.  The  observations 
with  sodium  chloride  and  sulphate  have  been  corrected  for  this  effect 
by  a  method  given  by  Arrhenius  [Zeitsch.  fjliysikal.  Chem.,  1888,  2, 
284)  founded  on  the  properties  of  isohydric  solutions,  with  the  fol- 
lowing results  : 

Increase 
Composition  of  sohition.  ^(obs.).         7ir(corr. ).         percent. 

CHoCl'COoNawi/lO  +  NaOH  w!/10 0-175  0-179  — 

H-m/l  NaCl  0-231  0-264  47 

+  w/2Na2S04  0-236  0-260  45 

These  results  are  in  striking  contrast  with  those  obtained  by 
Arrhenius  {Zeitsch.  physikal.  Chem.,  1887,  1,  110)  and  by  Spohr 
{Zeitsch.  phijsikal.  Chem.,  1888,  2,  194)  for  the  influence  of  neutral 
salts  on  the  rate  of  hydrolysis  of  esters  by  alkali,  as  nearly  all  the 
salts  investigated  exerted  a  retarding  effect.  In  none  of  the  experi- 
ments yet  made  on  neutral  salt  action,  however,  has  it  been  possible 
to  distinguish  between  the  action  on  the  catalyst  and  that  on  the  sub- 
stance acted  on,  and  the  uncertainty  thus  introduced  is  well  indicated 
by  the  fact  that  whereas  Arrhenius  formerly  attributed  neutral  salt 
action  to  an  effect  on  the  catalyst,  he  now  considers  that  it  is  the 
substance  acted  on  (sucrose)  which  is  affected.  The  present  investiga- 
tion represents  an  advance  in  that  the  influence  of  neutral  salts  on  the 
substance  undergoing  change  has  been  investigated  and  found  to  be 
relatively  small,  so  that  it  seems  justifiable  to  ascribe  the  relatively 
large  neutral  salt  effect  in  the  presence  of  alkali  to  direct  action  of 
the  ions  of  the  salt  on  OH'  ions.  The  results  appear  to  indicate  that, 
in  the  absence  of  secondary  reactions,  neutral  salts  increase  the 
activity  of  OH'  ions,  just  as  they  do  that  of  hydrogen  ions,  but  the 
further  discussion  of  these  points  is  postponed  until  the  results  of  a 
more  extended  series  of  experiments  now  in  progress  are  available. 

The  facts  that  sodium  chloride,  nitrate,  and  sulphate  exert  an  equal 
and  very  considerable  nevitral  salt  action  at  102°,  and  that,  whereas 
neutral  salts  retard  the  action  of  water  or  sodium  chloroacetate  they 
accelerate  the  action  of  alkali  on  the  same  salt,  seem  to  support  the 
views  on  neutral  salt  action  advanced  on  p.  465. 

In  conclusion,  I  wish  to  acknowledge  the  facilities  for  the 
prosecution  of  this  work  which  I  have  enjoyed  at  the  Davy- 
Faraday  Research  Laboratory  of  the  Royal  Institution. 
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XLVIIL — Neiv  Cerium  Salts. 

By  Gilbert  T.  Morgan  and  Edward  Cahen. 

An  investigation  of  the  thorium  salts  of  organic  acids  made  by  one 
of  the  authors  {Pharm.  J.,  1904,  October  1st,  and  Abstr.,  1904,  i,  892) 
showed  that  the  aromatic  sulphonates  of  this  element  are  well  defined, 
soluble,  crystallisable  compounds  differing  in  this  respect  from  the 
thorium  salts  of  carboxylic  aeids,  which,  in  the  great  majority  of 
cases,  are  insoluble,  amorphous  substances  often  containing  an  excess  of 
the  basic  radicle. 

A  study  of  the  organic  salts  of  the  allied  metal,  cerium,  has  now 
been  undertaken  with  the  object  of  comparing  these  substances  with 
the  corresponding  thorium  derivatives,  and  also  for  the  purpose  of 
obtaining  cerium  compounds  likely  to  be  of  use  in  the  therapeutic 
application  of  this  element.  Hitherto  only  cerous  oxalate  has  been 
employed  in  this  connexion,  and  owing  to  its  very  sparing  solubility 
and  to  the  toxic  action  of  its  acid  ion  this  salt  can  scarcely  be  regarded 
as  a  convenient  medium  for  the  exhibition  of  cerium. 

The  properties  of  the  cerous  salts  of  organic  acids  were  found  to 
resemble  closely  those  of  the  corresponding  thorium  compounds.  The 
cerous  carboxylates,  excluding  those  of  the  acetic  acid  series,  are 
insoluble  substances ;  the  sulphonates  are  generally  soluble  and 
crystallisable.  A  representative  gx'oup  of  the  latter  series  has  been 
prepared,  and  these  compounds  are  described  below.  In  addition  to 
these  organic  sulphonates  a  few  other  cerous  salts  of  inorganic  and 
organic  acids  have  been  prepared  in  order  to  fill  up  certain  gaps 
existing  in  our  knowledge  of  cerium  compounds.  Cerous  dichloro- 
acetate  has  been  obtained  and  compared  with  the  corresponding 
acetate  and  mono-  and  tri-chloroacetates.  The  cerous  salts  of  dithionic, 
perchloric,  and  nitrous  acids  have  also  been  prepared. 

Some  special  interest  attaches  to  the  nitrite,  inasmuch  as  it  affords 
a  striking  example  of  the  colour  conferring  ("  chromophoric  ")  power 
of  the  nitrite  ion.  Cex'ous  nitrite,  a  very  unstable  substance,  separates 
from  its  yellow  aqueous  solution  in  hard,  transparent,  amber-yellow 
plates  which  rapidly  decompose  on  exposure  to  the  atmosphere  ;  it 
may  be  preserved  for  a  longer  period  in  a  sealed  tube  under  dry 
petroleum. 

The  other  cerous  salts  are  either  quite  colourless  like  the  perchlorate 
or  dithionate,  or  exhibit  at  the  most  a  very  faint  pink  tinge  such  as  is 
noticed  in  the  case  of  the  sulphate. 
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Cerous  Phenol-p-sulphonate,  Ce2[CgH4(OH)*S03]g,17H20. 

Crystallised  phenol  was  sulphonated  at  100°  and  the  sulphonic  acid 
convei'ted  into  its  barium  salt,  which  was  then  rccrystallii-ed  and  treated 
with  an  equivalent  amount  of  cerous  sulphate,  the  monohydrated  form, 
Ce2(S04)3,H20,  being  employed  in  this  and  the  following  experiments. 

The  filtrate  from  the  barium  sulphate  was  cautiously  concentrated 
until  the  cerous  phenol-^;-sulphonate  separated  in  acicular  prisms  or 
elongated  lamellie  having  a  slightly  pink  tinge  : 

0-3018  gave  0-0646  CeOg.     Ce=  17-42. 

0-3754     „     0-0700  H.p and  0-0792  CeO^.     H2O- 18-64  ;  Ce- 17-17. 
0-3408     „     0-2972  BaSO.j.     S=  11-98. 
^S6^30%A^^2^'^^2^   requires   Ce=  17-24;    H20=  18-84;    S=  11-82 

per  cent. 

This  salt  dissolves  readily  in  water,  being  distinctly  more  soluble  in  the 
cold  than  in  the  hot  solvent. 

The  crystals  separating  with  17HoO  represent  the  ordinary  foi-m  of 
the  phenol-^-sulphonate,  but  a  second  hydrate  was  obtained  by  allowing 
concentrated  solutions  to  evaporate  slowly  at  the  ordinary  temperature, 
when  long,  silky  needles  separated.  This  form  crystallised  with  12 
molecules  of  water  : 

0-3180  gave  0-0698  CeO^.     Ce  =  1786. 

0-1248     „     0-0176  H.^Oand  0-0276  Ce02.     HgO  =  14-10  ;  Ce  =  18-00. 
0-1300     „     0-1178  BaSO^.     S=  12-45. 
C3^H3o02^SyCe2,12H20   requires    Ce  =  18-26;    H20=  14-09;    S  =  12-50 

per  cent. 

Cerous  p-Naphthol-Q-sulphonate,  Ce2[CioHg(OH)*S03]fi,20H20.— The 
barium  salt  of  yS-naphthol-6-sulphonic  acid  ("  Schaeffer  acid")  was 
prepared  by  sulphonating  ;8-naphthol  with  concentrated  sulphuric  acid 
(2  parts)  on  the  water-bath,  treating  the  product  with  barium 
carbonate,  and  crystallising  out  the  less  soluble  constituent  from  the 
mixture  of  ^-naphtholsulphonates.  The  barium  /3-naphthol-6-sul- 
phonate  thus  obtained  was  treated  with  the  requisite  amount  of  cerous 
sulphate.  The  filtrate  from  the  barium  sulphate  was  evaporated  on  the 
water-bath,  when  the  cerous  salt  separated  in  white,  nacreous  leaflets 
which  are  greasy  to  the  touch : 

0-1926  gave  0-0328  CeOo.     Ce  =  13-87. 
0-1752     „      0-1240  BaSO,.     S  =  9-72. 
0-1192     „      0-0218  HgO.     H20  =  18-29. 

CeoH42024SgCe2,20HgO  requires  Ce=  14-15  ;  S  =  9-70  ;  H20  =  18-20 

per  cent. 
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Cerous  C amjjhor-^-sulphonate,  Ce2[CjQH^^O'SO3]g,20H2O. — This  salt, 
which  was  obtained  by  double  decomposition  from  barium  camphor -yS- 
sulphonate  and  cerous  sulphate,  is  exceedingly  soluble  in  water  and 
separates  from  highly  concentrated  solutions  in  a  mass  of  colourless, 
silky  crystals  ;  these  on  drying  become  matted  together  in  hard,  opaque 
nodules : 

0-4396  gave  0-0762  H^O  and  0-0754  CeOg.    Ce  =  13-96 ;  H2O  =  17-34. 
0-2922     „     0-2086  BaSO^.     S  =  9-80. 

C6oH9o024SgCe2,20H20  requires  Ce=  13-82;  H.p  =  17-76;  S  =  9-47 

per  cent. 

Cerous  Benzenesulphonate,  Ce2(CgH5*S03)g,23H20,  was  similarly 
obtained  by  double  decomposition ;  it  is  very  soluble  in  water  and 
separates  in  lustrous,  colourless,  nodular  crystals  : 

0-3594  gave  0-0928  HgO  and  0-0756  CeOa-    H20  =  25-81 ;  Ce=  17-12. 
0-4304     „     0-3820  BaSO^.     S  =  12-19." 

C36H3oOi8SgCe2,23H20  requires  Ce=  17-10;  H2O  =  25-30;  S=ll-73 

per  cent. 

Cerous  Sulphanilate,  Ce2[CgH^(NH2)*S03]g,16H20,  separated  from 
aqueous  solution  in  long,  transparent,  almost  colourless  needles, 
which  slowly  acquire  a  yellow  tinge  : 

0-1448  gave  0-0312  CeOa-     Ce  =  17.54. 

0-1816     „     0-0338  H2O  and  0-0386  CeOg.  H20=  18-61 ;  Ce=  17-30. 
0-2478     „     0-2182  BaSO^.     S  =  12-09. 
C36H3gOi8NgSgOe2,16H20  requires  Ce=  17-50;  HgO- 18-00;  S  =  12-00 

per  cent. 

Cerous  JSfaphthionate,  Ce2[Cj^Hg(NH2)'S03]g,32H20,  crystallises  in 
well-defined,  mauve  plates  with  a  silvery  lustre  : 

0-2638  gave  0-0408  QeO^.     Ce  =  12-59. 

0-3080     „     0-0818  H2O  and  00472  CeO.2.  H20  =  26-56  ;Ce  =  12-48. 
0-3108     „     0-1988  BaSO^.     S  =  8-78. 
^*6oH480a8N6S6Ce2,32H20  requires  Ce=:12-76;  H2O  =  26-30;  S-8-77 

per  cent. 

Cerous  Dichlwoacetate,  Ce2(CHCl2'C02)e,3H20.  Barium  dichloro- 
acetate  and  cerous  sulphate  interacted  to  form  a  very  soluble  cerous 
dichloroacetate  which  crystallised  from  an  aqueous  solution  of  syrupy 
consistence  in  small  nacreous  leaflets  : 

0-1969  gave  0-0608  Ce02.     Ce  =  25-12, 

0-2712     „     0-0130  HgO  and  00844  CeOg.     H2O  =  4-79  ;  Ce  25-33. 
0-2572     „     0-3892  AgCl.     CI  =  37-44. 
Cj2H60i2C1^2Ce2,3H20   requires  Ce  =  25-41;    H2O  =  4-90;     Cl  =  38-74 

per  cent. 
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The  water  of  crystallisation  was  eliminated  by  leaving  tlie  salt  over 
sulphuric   acid    in    a    vacuum    desiccator.       This    salt   completes    the 
following  series,  the  other  members  having  been  studied  by  H.  Wolff 
{Zeitsoh.  anorg.  Cheni.,  1905,  45,  89)  : — 

GeroU'?  acetate,  Ce2(CH3'C02)„,3H^O,  Cerous  chloroacetate, 
Ceg(CH2CI' 003)5, SHgO.     Cerous  dichloroacetate, 

Ce2(CHCl2-002)g,3HO. 
Cerous  trichloroacetate,  C2(CCl3'C02)g,6H20. 

Cerous  jni'cJilorate,  Ceo(C104)g,18H20,  prepared  from  barium  per- 
chlorate  and  cerous  sulphate,  is  an  exceedingly  soluble  salt  which 
separates  from  very  concentrated  aqueous  solutions  in  ice-like  crystals 
which  are  extremely  deliquescent : 

0-3646  and  0-1938  gave  0-1062  and  0-0560  CeOg.  Ce  =  23-71  and 
23-52. 

0-2228  and  02818  gave  0-1582  and  0-2012  AgCl.  010^  =  49-24  and 
49-52. 

0-2648  gave  0-0724  H.3O.     H2O  =  27-34. 
CegO^tClclSH.O  requires  Ce  =  23-32;  010^  =  49-71;  H20  =  26-98per 

cent. 

As  the  water  of  crystallisation  is  not  entirely  eliminated  at  160°,  it 
was  estimated  by  decomposing  the  salt  in  a  combustion  apparatus  and 
weighing  the  water  directly.  The  chlorine  was  estimated  by  decom- 
posing the  perchlorate  by  Carius's  method  at  200^. 

Cerous  nitrite  was  prepared  by  mixing  cold  aqueous  solutions  of 
cerous  sulphate  and  barium  nitrite  in  equivalent  proportions.  The 
pale  yellow  solution  was  evaporated  over  caustic  potash  in  a  vacuum 
desiccator,  when  a  scum  of  basic  nitrite  gradually  formed  and  was 
removed  by  filtration.  The  clear  yellow  filtrate  on  further  concen- 
tration deposited  yellow  crystals,  which  sometimes  took  the  form  of 
clear  ambex'-coloured  plates  of  considerable  size.  The  substance  is, 
however,  very  unstable  and  evolves  nitrous  fumes  at  the  ordinary 
temperature,  and,  owing  to  the  rapidity  of  this  decomposition,  it  was 
impossible  to  obtain  analytical  numbers  corresponding  with  the 
normal  salt.  The  following  data,  Ce  =  39-33,  NO,  =  35-38,  H^O  =  26-10 
(total  100-81),  indicate  a  hydrated  cerous  niti-ite  contaminated  with  a 
certain  proportion  of  cerous  hydroxide.  The  salt  is  decomposed  by 
warm  water,  nitrous  fumes  being  evolved  while  the  white  cerous 
hydroxide  is  precipitated.  Basic  nitrites  are  obtained  by  adding 
alcohol  to  the  concentrated  solution  of  the  normal  salt.  Two 
specimens  were  analysed,  with  the  following  results:  (1)  Oe  =  52-41, 
NO.,  =  25-11  ;  (2)  Ce  =  51-88,  NO.,  =  24-93  percent. 

Cerous    dithionate,    Ce2(S20g)g,12HoO,    was   prepared    from   barium 
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dithionate  and  cerous  sulphate,  the  dilute  filti-ate  being  first  evapo- 
rated on  the  water-bath,  and  then  concentrated  further  in  a  vacvium 
desiccator  over  quicklime  or  caustic  potash.  The  salt  separated  in 
colourless  acicular  prisms  : 

(a)  0-2904  gave  0-1033  CeOg.      Ce  =  28-95. 

(b)  0-1882  „  0-0662  „  "  Ce  =  28-63. 
0-2900  „  0-4124  BaSO^.  S  =  19-53. 
0-2392     „     0-030  H2O.         H20  =  22-16. 

Ce20i8S6,12H20  requires  Ce  =  28-69  ;"  S  =  19-67.  H20  =  22-14  per  cent. 
The  water  was  eliminated  in  a  vacuum  desiccator  over  sulphuric 
acid.  Hydrates  containing  different  proportions  of  water  have  been 
described,  but  when  crystallised  in  the  manner  indicated,  the  salt 
separated  with  I2H2O.  Analyses  (a)  and  (b)  were  made  on  different 
preparations. 

S'pecti'oscopic  Examination  of  the  Cerous  Sulijilmte. 

The  cerous  sulphate  employed  in  all  the  foregoing  double  decompo- 
sitions was  a  specially  purified  sample  supplied  by  Messrs.  Hopkin 
and  Williams  ;  its  spectroscopic  examination  was  kindly  undertaken  by 
Mr.  A.  Fowler,  F.E,.A.S.,of  the  Astrophysics  department  of  the  Royal 
College  of  Science,  who  compai-ed  its  spectrum  with  those  of  the 
following  materials  also  obtained  from  the  same  firm  :  (a)  cerous 
nitrate  puriss. ;  (6)  commercial  cerium  nitrate  fused ;  (c)  lanthanum 
sulphate  ;  (c?)  "  didymium  "  sulphate.  Mr.  Fowler  reports  as  follows  : — 
"  Photographs  of  the  arc  spectra  were  taken  with  a  powerful  spectro- 
graph giving  a  linear  dispersion  of  3  tenth-metres  to  the  millimetre 
in  the  neighbourhood  of  wave-length  4400.  Ii'on  was  used  as  a 
reference  spectrum  for  the  determination  of  wave-lengths,  and  the 
spectra  were  also  directly  compared  with  those  of  lanthanum  and 
'  didymium,'  which  are  the  chief  impurities. 

"  The  spectra  are  very  complex,  and  only  the  part  between  wave- 
lengths 4436  and  4358  was  reduced  in  detail.  In  the  commercial 
cerium  nitrate  this  small  part  of  the  spectrum  (less  than  one-fortieth 
of  the  visible  spectrum)  yielded  more  than  100  lines,  the  identifications 
of  which  were  made  by  reference  to  the  tables"  of  Exner  and 
Haschek, 

"The  result  of  the  measurements  is  to  show  that  while  41  of 
the  lines  in  the  region  investigated  are  due  to  cerium,  the  commercial 
nitrate  gives  strong  indications  of  lanthanum,  neodymium,  praseody- 
mium, and  samarium ;  thete  are,  moreover,  less  marked  indications  of 
gadolinium,  and  yttrium  is  somewhat  doubtfully  represented. 

"  The  '  pure '  nitrate  and  sulphate  give  only  traces  of  the  impurities 
named. 
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'•  It  should  be  stated  that  there  are  a  few  lines  for  which  no  satis- 
factory origins  can  be  assigned  from  existing  tables,  but  there  is 
evidence  that  some  of  these  lines  may  be  unrecorded  faint  lines  forming 
part  of  the  spectrum  of  cerium  itself." 

Royal,  College  of  Science,  London, 
South  Kensington,  S.W. 


XLIX. — Experiments  on  the  Synthesis  of  tJie  Terpenes. 
Pa7^t  X.     Synthesis  of  Ca7^vestrene  and  its  Derivatives. 

By  William  Henry  Perkin,  jun.,  and  George  Tattersall. 

Among  the  many  remarkable  molecular  changes  which  have  so 
frequently  been  met  with  in  the  camphor  and  terpene  group,  few  are 
more  interesting  and  instructive  than  the  series  of  decompositions 
which  Baeyer  investigated  during  the  course  of  his  classical  researches 
on  carvone  and  which,  besides  other  important  X'esults,  ultimately  led 
to  the  discovery  of  carvestrene. 

When  carvone,  C^qHj^O,  a  substance  which  occurs  in  oil  of  carraway, 
is  reduced  by  sodium  and  alcohol,  it  is  converted  into  dihydrocarveol, 
and  this,  on  oxidation  with  chromic  acid,  yields  dihydrocarvone, 

OMe<^^*.^^2>CH-CMe:CH2 


Carvone. 

CHMe<^g^^*^g2>cH-CMe:CH2 

Dihydrocarveol. 


CHMe<^g  .^22>CH-CMe:CH, 

Dihydrocarvone. 

Leuckart  (j5er.,  1887,  20,   lU),  Wallach  {Annalen,  1893,  275,   110), 
Baeyer  {£er.,  1893,  26,  823). 

Hydrobromic  acid  converts  dihydrocarvone  into  a  hydrobromide, 
CjoHj-OBr,  which,  when  treated  with  alcoholic  potash  at  0°,  readily 
loses  hydrogen  bromide.  Instead,  however,  of  the  unsaturated 
substance,  dihydrocarvone,  being  regenerated  as  the  result  of  this 
decomposition,  a  remarkable  formation  of  a  trimethylene  riug  takes 
place  and  carone  is  produced. 

CHMe<C^-:CH,>cH-CBrMe,  CHMe<^°— 9^>CMe, 

Hydrobromide  of  dihydrocarvone.  Carone. 
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In  order  to  demonstrate  the  presence  of  the  dimethyltrimethylene 
ring  in  carone,  Baeyer  and  Ipatieff  {Ber.,  1896,  29,  2796)  studied 
the  behaviour  of  this  ketone  on  oxidation  with  permanganate  and 
succeeded  in  isolating  the  cis-  and  ^rans-caronic  acids, 

CMe„ 


COgH-CH CH-COaH 

The  subsequent  synthesis  of  these  acids  by  Perkin  and  Thorpe 
(Trans.,  1899,  75,  48),  by  a  method  which  left  no  doubt  as  to  their 
constitutions,  afforded  additional  evidence  of  the  presence  of  the 
dimethyltrimethylene  ring  in  carone. 

When  caroneoxime  is  reduced  by  sodium  and  alcohol  it  yields 
carylamine,  CjqH^wNHo,  and  since  this  base  is  stable  to  permanganate, 
Baeyer  {Ber.,  1894,  27,  3486)  concluded  that  it  could  not  be  unsaturated 
and  must,  therefore,  still  contain  the  dimethyltrimethylene  ring.  The 
constitution  of  carylamine  is  for  this  reason  derived  from  that  of 
caroneoxime  in  a  simple  manner  without  molecular  change  and  is 
represented  by  the  formula  : 

The  most  characteristic  property  of  carylamine  is  the  decomposition 
which  it  undergoes  when  its  solution  in  dilute  acids  is  evaporated, 
during  which  process  the  dimethyltrimethylene  ring  suffers  disruption 
and  the  unsaturated  isomeric  base,  vestrylaniine, 

is  formed.  Lastly,  the  hydrochloride  of  vestrylamine  is  readily 
decomposed  on  distillation,  with  elimination  of  ammonium  chloride 
and  formation  of  carvestrene,  an  inactive  terpene  to  which  Baeyer  (loc. 
cit.,  3485)  assigned  the  constitution  : 

This  formula  represents  carvestrene  as  a  derivative  of  m-cymene,  and 
direct  evidence  in  favour  of  this  view  was  subsequently  obtained  by 
Baeyer  (Ber.,  1898,  31,  1402),  who  showed  that,  when  carvestrene  di- 
hydrobromide  is  treated  with  excess  of  bromine  and  the  product 
reduced  by  zinc  dust  and  alcoholic  hydrochloric  acid,  it  actually  yields 
m-cymene.  The  position  of  the  double  linking  in  the  above  formula 
for  carv^estrene  is  rendered  probable  by  the  fact  that  it  is  formed  from 
vestrylamine  by  the  simple  elimination  of  ammonia,  but  this  decom- 
position might  equally  well  lead  to  the  expression  : 

CH,<g™!o^H^C.CMe:CH,. 
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The  properties  of  carvestrene  which  are  of  special  importance  in  con- 
nexion with  the  present  investigation  are  these:  It  distils  at  178°, 
yields  a  dihydrocJdoride,  CjoHj^,2HCl,  which  melts  at  52  5°,  and  a 
dihydrohromide,  CjoU\fi,2HBr,*  of  melting  point  48 — 50°,  and  gives  a 
deep  blue  coloration  when  a  drop  of  sulphuric  acid  is  added  to  its  solu- 
tion in  acetic  anhydride. 

Carvestrene  occupies  the  same  position  in  the  ?)i-cymene  group  of 
terpenes  as  dipentene  does  in  the  />cymene  series  and,  for  this  reason, 
it  is  to  be  considered  as  one  of  the  most  important  of  the  terpenes.  It 
therefore  seemed  interesting  to  institute  a  series  of  experiments  with 
the  object  of  preparing  it  synthetically  by  some  process  which  would 
leave  no  doubt  as  to  the  constitution  of  the  terpene,  and  in  this  we 
were  ultimately  successful. 

The  starting  point  in  this  synthesis  was  ?n-hydroxybenzoic  acid,  which 
is  reduced  by  sodium  and  alcohol  to  cyclohexanol-'S-carboxylic  acid  ; 

In  the  first  place  w^e  carefully  investigated  this  interesting  acid 
and  found  that  it  exists  in  well-defined  cis-  and  ^rans-modifications,  of 
which  the  former  (m.  p.  132°)  had  already  been  obtained  by  Einhorn 
{Aunalen,  1896,  291,  298),  The  tram-acid  melts  at  120°,  or  consider- 
ably lower  than  the  cts-modification. 

The  cis-acid  yields  a  crystalline  lactone  which  reacts  readily  with 
hydrobromic  acid  with  formation  of  the  cis-modification  (m.  p.  63°)  of 
3-bromocyclohexanecarboxylic  acid, 

CH,<C™_r;CH,>cH.CO,H, 

whereas  the  iraws-hydroxy-acid  is  converted,  by  treatment  with  hydro- 
bromic acid,  into  the  corresponding  <?'«ns-bromo-acid  of  melting  point 
1 67°.  When  the  latter  is  digested  with  diethylaniline,  it  is  decomposed 
apparently  quantitatively,  with  elimination  of  hydrogen  bromide  and 
formation  of  A^-cyc\ohexenecarboxylic  acid  (A'^-tetrahydrobenzoic  acid) : 

°h<ch:ch;>os-co,h. 

The  second  step  in  the  synthesis  of  carvestrene  was  the  conversion 
of  c?/c^ohexanol-3-carboxylic  acid  into  cyclohexanone-3-carboxylic  acid, 

by  oxidation  with  chromic  acid  mixtui'e,  and  in  this  way  we  have  pre- 
pared large  quantities  of  this  important  acid  in  a  crystalline  condition 

*  The  product  of  the  action  of  hydrobromic  acid  on  carvestrene  consists  of  this 
solid  dihydroluomide  and  a  liq^uid  isomeride,  and  these,  doubtless,  represent  cis-  and 
trans-modi'n.ca.tions. 
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(m.  p.  76°),  whereas  it  had  previously  only  been  obtained  as  a  syrup. 
Ethyl  ejc\ohexanone-3-carboxylate  (b.  p.  138°  under  18  mm.)  reacts 
readily  with  magnesium  methyl  iodide,  and  the  product  yields,  on 
hydrolysis,  methylcjc\ohexanol-d-carboxylic  acid  and  a  considerable 
quantity  of  an  interesting  neutral  oil  (B)  the  composition  of  which 
is  discussed  later  (p.  485).  The  hydroxy-acid  is  decomposed  by  dis- 
tillation under  reduced  pressure  with  elimination  of  water  and  forma- 
tion of  the  lactone  of  m-l-metbyl-l-c^/c^ohexanol-S-carboxylic  acid 
(b.  p.  145°  under  20  mm.) : 

CH.<fe|;>CH-(io. 

Hydrobromic  acid  converts  this  lactone  into  cls-1-bromo-l-methyl- 
cy c\ohexane-3-carhoxylic  acid, 

CH,<gg^^*^g2>CH.C0,H, 

a  thick  syrup  which,  when  digested  with  pyridine,  is  decomposed  with 
elimination  of  hydrogen  bromide  and  formation  of  l-viethyl-A}-cyc\o- 
hexene-Z-carhoxylic  acid  (b.  p.  142°  under  20  mm.), 

CH,<C^I^ti?|>OH.CO,H. 

The  constitution  of  this  acid  was  controlled  by  oxidation  first  with 
permanganate  and  then  with  chromic  acid,  when  it  yielded  adipic  acid 
and  a  syrupy  ketonic  acid  which  was  probably  co-acetyl valeric  acid,  since, 
when  treated  with  sodium  hypobromite,  it  yielded  bromoform  and 
adipic  acid.  The  formation  of  these  oxidation  products  leaves  no  dou1)t 
that  the  unsaturated  acid  is  l-methyl-A^-cj/cZohexene-3-cai*boxylic  acid, 
since  the  only  other  unsaturated  acid  which  could  result  from  the 
elimination  of  hydrogen  bromide  from  l-bromo-l-methylc^c?ohexane- 
3-carboxylic  acid  is  l-methyl-A^-cyc?ohexene-3-carbosylic  acid, 

and  an  acid  of  this  constitution  could  not  yield  adipic  acid  on  oxidation. 
The  l-methyl-A^-cyc^ohexene-3-carboxylic  acid  was  next  converted  into 
its  ethyl  ester  (b.  p.  128°  under  60  mm.)  and  this  was  treated  with  an 
ethereal  solution  of  magnesium  methyl  iodide,  a  decomposition  which 
resulted  in  the  synthesis  of  dihydrocarvestrenol  or  ^'^-m-menthenol  (8), 

CH2<g^^;^^^>CH-CMe2-OH, 

a  substance  which  had  not  previously  been  obtained. 

Dihydrocarvestrenol  is  a  colourless  syrup  which  distils  at  105 — 108*^ 
(30  mm.),  has  a  powerful  odour  of  menthol  and  terpineol,  and  is  a 
substance   of  much  interest  since  it  is  the  alcohol  iu  the  ?«-cymene 


484  PERKIN    AND   TATTERSA.LL:    EXPERIMENTS   ON   THE 

series  which  corresponds  to  terpineol,  with  which,  indeed,  it  has  many 
properties  in  common.  It  was  prepared  in  considerable  quantity  in 
order  tliat  its  physical  properties  might  be  investigated  by  Sir 
W.  H.  Parkin,  and  an  account  of  these  experiments  is  to  be  found 
on  p.  499.  The  next  step  was  to  convert  the  dihydrocarvestrenol 
into  the  terpene,  and  this  was  readily  accomplished,  in  the  usual 
manner,  by  digesting  with  potassium  hydrogen  sulphate,  and  a  careful 
examination  of  the  hydrocarbon  obtained  proved  conclusively  that 
it  was  in  all  respects  identical  with  the  carvestrene  of  Baeyer. 

This  point  was  decided  by  a  direct  comparison  which  was  ren- 
dered possible  by  the  kindness  of  Prof,  von  Baeyer,  who  placed  his 
specimen  of  carvestrene  at  our  disposal  for  this  purpose. 

Both  preparations  gave  exactly  the  same  blue  coloration  when 
sulphuric  acid  was  added  to  their  solution  in  acetic  anhydiide. 

Both  yielded  ?idihydrochlonde  melting  at  52-5°  and  a.  dihi/drohromide 
melting  at  48 — 50° ;  moreover,  the  mixture  of  the  two  specimens  of  the 
dihydrobromide  melted  sharply  at  48—  50°,  proving  conclusively  that 
they  were  identical.  This  synthesis  establishes  the  constitution  of 
carvestrene  and  demonstrates  that  the  double  linking  in  the  ring  is 
in  the  position  assigned  to  it  by  Baeyer  when  he  adopted  the  formula 

CH,<^^!'(?^>CH-CMe:CH2. 

as  representing  the  probable  constitution  of  this  terpene. 

In  possession  of  sufficient  quantities  of  dihydrocarvestrenol  and 
carvestrene,  we  instituted  a  series  of  experiments  with  the  object  of 
preparing  the  cis-  and  i?'a??s-modifications  of  tetrahydrocarvestrenediol 
{m-menthane-\  :  8-diol),  C^qH.^q{0IL).2,  which  it  Avas  thought  would  be 
of  special  interest  on  account  of  their  similarity  in  constitution  and 
relationship  to  the  cis-  and  f?'a?»5-modifications  of  terpin.  With  this 
object  in  view,  dihydrocarvestrenol  was  shaken  for  several  days  with 
5  per  cent,  sulphuric  acid,  when  it  was  converted,  almost  quantitatively, 
into  a  tetrahydi'ocarvestrenediol, 

CH„<g^^^Q^)'gg2>CH-CMe,'0H, 

which  melts  at  about  90°.  This  is  the  ciS-modification  and  corre- 
sponds to  cis-terpin,  from  which  it,  however,  differs  in  being  much 
more  soluble  in  water  and  in  not  combining  with  water  to  form 
a  hydrate. 

In  other  respects  the  two  substances  have  much  in  common. 
cis-Tetrahydrocarvestrenediol,  for  example,  is  converted  by  hydro- 
bromic  acid  into  a  mixture  of  the  cis-  and  <r«??s-carvestrene  dihydro- 
bromides,  the  irfms-modificati6n  largely  predominating  just  as,  in  the 
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case  of  cis-terpin,  the  product  of  the  action  of  hydrobromic  acid  in  the 
cold  consists  principally  of  trans-dlpenteiie  dihydrobromide. 

<rans-Tetrahydrocarvestrenediol  (m.  p.  127°)  was  first  prepared  by 
Baeyer  (Ber.,  1894,  27,  3490)  from  irans-carvestrene  dihydrobromide 
(m.  p.  48 — 50°)  by  treatment  with  silver  acetate  and  subsequent 
hydrolysis  of  the  diacetate  produced,  by  alcoholic  potash  ;  a  process 
exactly  similar  to  the  conversion  of  trans-dipentene  dihydrobromide 
into  trans-terpin.  We  have  also  prepared  <r«?zs-tetrdhydrocarvestrene- 
diol  and  observed  the  same  melting  point,  and  the  chief  difference 
between  fra?is-dihydrocarvestrenol  and  ^ra?is-terpin  lies  again  in  the 
fact  that  the  former  dissolves  easily  whereas  the  latter  is  sparingly 
soluble  in  water. 


Direct  Synthesis  of  Dihydrocarvesirenol  \_^^-v[^-menthenol{^)\  Tetrahydro- 
carvestrenediol  {m-menthane-1  :8-diol)  and  its  Anhydride  (m-Cineol) 
from  Ethyl  cyc\oHexanone-?>-carhoxylate. 

It  has  already  been  mentioned  that  a  considerable  quantity  of 
a  neutral  oil  (B)  is  formed  when  magnesium  methyl  iodide  reacts  with 
ethyl  c2/c?ohexanone-3-carboxylate,  and  examination  has  shown  that 
this  oil  consists  essentially  of  three  substances. 

I.  A  substance  which  distils  at  177 — 178°  and  corresponds  in  the 
?ft-cymene  series  with  cineol  in  the  ^j-series,  that  is  to  say,  it  has  the 
constitution 

I 0 j 

This  interesting  substance,  which  we  have  named  m-cineol,  is  the 
anhydride  of  tetrahydrocarvestrenediol,  and  is  probably  formed  by  the 
dehydrating  action  of  magnesium  methyl  iodide  on  cis-tetrahydro- 
carvestrenediol,  which  is  doubtless  one  of  the  products  of  the  action 
of  this  reagent  on  ethyl  cyc?ohexanone-3-carboxylate  (see  below). 
It  has  a  pungent  odour  of  camphor  and  is  very  similar  to  cineol 
in  its  properties,  thus  when  treated  with  hydrobromic  acid  it  is 
converted  into  a  mixture  of  tLe  cis-  and  irfms-m edifications  of 
carvestrene  dihydrobromide  in  which  the  cis-moditication  gi-eatly 
predominates,  just  as  cineol  under  the  same  conditions  yields  prin- 
cipally c^s-dipentene  dihydrobromide. 

II.  A  substance  distilling  constantly  at  105 — 108°  (30  mm.)  and 
which  amounted  to  nearly  half  of  the  neuti-al  oil.  This  substance  was 
found  to  be  pure  dihydrocarvesirenol . 

III.  A  crystalline  substance  melting  at  127°,  which  was  found  by 
direct  comparison  to  be  identical  with  the  i?r(?js-tetrahydrocarvestrene- 
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diol  obtained  from  trans-ca,ivesirene  diliydrobronjide  hy  the  process 
just  descz'ibed. 

It  seems  probable  that  one  of  the  pioducts  of  the  action  of 
magnesium  methyl  iodide  on  ethyl  cyc^ohexanone-3-carboxylate  is  a 
mixture  of  the  cis- and  ^j'ons-modifications  of  tetrahydrocarvestrenediol, 
and  that  the  cis  modification  is  then  converted,  by  the  further  action  of 
the  reagent,  into  ?«-cineol,  whereas  the  fr«ws-modification  remains 
unchanged. 

In  the  communication  preceding  the  present  one,  it  was  pointed  out 
that  cis-terpin  is  a  direct  product  of  the  action  of  magnesium  methyl 
iodide  on  ethyl  cyc^ohexanone-4-carboxylate,  and  the  fact  that  it  was 
found  possible  to  isolate  c/s-terpin  in  such  considerable  quantities 
from  the  product  of  the  reaction  seems  to  indicate  that  this  substance 
is  not  so  readily  converted  into  its  anhydride,  cineol,  as  cts-tetrahydro- 
carvestrenediol  into  wi-cineol. 


cis-cyclo- Hexanol-3-carboxylic  Acid  {y-Hydroxyhexahydro- 
benzoic  acid),  CH2<C/-iit  _ptt^<^CH'CO^H. 

The  reduction  of  ??i-hydroxybenzoic  acid  to  c?/c/ohexanol-3-carboxylic 
acid  by  means  of  sodium  and  alcohol  was  first  carried  out  by  Einhorn 
{Annalen,  1896,  291,  298),  but  as  the  process  which  he  describes  is 
very  laborious  and  we  required  large  quantities  of  the  hexahydro-acid, 
we  instituted  a  number  of  comparative  experiments  which  led  us  to 
adopt  the  following  method  for  its  preparation. 

m-Hydroxybenzoic  acid  (40  grams)  is  dissolved  in  absolute  alcohol 
(1  litre),  the  solution  heated  to  boiling  in  a  large  flask  connected  with 
a  long  reflux  condenser,  and  then  sodium  (150  grams)  added  as  rapidly 
as  possible.  When  the  action  slackens  small  quantities  of  alcohol  are 
added  from  time  to  time,  and  the  heating  is  continued  until  the  sodium 
has  completely  dissolved.  The  product  is  mixed  with  water,  nearly 
neutralised  with  hydrochloric  acid  and  evaporated  until  all  the  alcohol 
has  been  removed  and  sodium  chloride  commences  to  separate.  The 
mass  is  then  mixed  with  excess  of  hydrochloric  acid  and  extracted  ten 
times  with  washed  ether,  and  afterwards  ten  times  on  the  shaking 
machine,  and  even  then  the  whole  of  the  hydroxy-acid  will  not  have 
been  extracted.  The  ethereal  solution  is  dried  over  calcium  chloride, 
and  nearly  all  the  tther  removed  by  evaporation,  when,  after  a  few 
days,  the  syrupy  residue  \w'\\\  have  become  semi-solid.  The  crystals 
are  collected,  washed  with  ether  and  recrystallised  from  dry  ether 
from  which  cis-cyc\ohexanol-3-carboxyIic  acid  separates  in  hard  crusts 
melting  at  130—132°  : 
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0-1241  gave  0-2648  CO.,  and  0-0936  H,0.     C  =  58-2;  H  =  8-4. 
C-HjoOg  requires  C  =  58-3  ;  H  =  8"3  per  cent. 

The  mother  liquors  of  the  crystalline  hydroxy-acid  are  best  pui'ified 
byconveision  into  the  ester,  the  syrup  (60  grams)  being  dissolved  in  a 
4  per  cent,  solution  of  hydrogen  chloride  in  alcohol  (200  c.c.)  and  allowed 
to  remain  for  twenty-four  hours.  After  boiling  for  four  hours, 
water  is  added,  the  crude  ester  extracted  with  ether,  the  ethereal 
solution  washed  with  water  and  dilute  sodium  carbonate,*  evaporated, 
and  the  oil  fractionated  under  35  mm.  pressure.  It  began  to  boil  at 
120°,  and  a  large  fraction  was  obtained  between  this  and  140,t  then 
the  ester  of  the  hydroxy-acid  distilled  between  148 — 155°  leaving  a 
considerable  quantity  of  a  viscid  residue  in  the  flask.  When  the  latter 
fraction  was  redistilled  almost  the  whole  quantity  passed  over  at  147° 
(20  mm.)  and  consisted  of  pure  ethyl  cjc\ohexanol-2-carboxylate  : 

0-1698  gave  0-3930  GO^  and  0-1405  HgO.     0  =  63-1  ;  11  =  9-2. 
C9Hjg03  requires  0  =  628;  11  =  93  per  cent. 

Einhorn  i^Annalen,  1896,  291,  301),  who  first  prepared  this  sub- 
stance, states  that  it  boils  at  about  148 — 158°  under  20  mm.  pressure. 

The  results  of  hydrolysis  indicate  that  this  ester  is  a  mixture  of  the 
cis-  and  irans  modifications,  the  former  largely  predominating. 

The  ester  (200  grams)  was  mixed  with  a  warm  solution  of  polash 
(100  grams)  in  methyl  alcohol  when  the  temperature  rose  to  the  boiling 
point,  and,  after  remaining  for  two  hours,  water  was  added,  the  solution 
evaj^orated  until  fx'ee  from  methyl  alcoho',  acidified,  saturated  with 
ammonium  sulphate,  and  repeatedly  extracted  with  washed  ether.  The 
ethereal  exti'act,  after  drying  over  calcium  chloride  and  evapoiating, 
deposited  a  syrup  which  soon  became  semi-solid,  and,  after  remaining 
for  several  days,  the  mass  was  filtered  and  washed  several  times  with 
pure  ether,  when  a  colourless  crystalline  acid  was  obtained  which 
melted  at  128 — 130°  and  consisted  of  nearly  pure  cis-cycloh.exa.no\- 
3-carboxylic  acid. 

The  mother  liquor  was  evaporated  and  the  residue  allowed  to 
crystallise,  and  this  operation  repeated  until  the  syrupy  acid  either 
did  not  crystallise  at  all  or  only  after  very  long  standing ;  it  was  then 
treated  as  explained  in  the  next  section. 

*  \Yhen  evaporated  aud  heated  with  alcoholic  hydrogen  chloride,  this  sodium 
carbouate  extract  yields  a  further  quantity  of  hydroxy-ester. 

t  When  this  fraction  was  twice  distilled  under  the  ordinary  pressure,  almost  the 
whole  quantity  came  over  at  200 — 202°  and  gave,  on  analysis  : 

0-1711  j^ave  0-4377  COo  and  0-U47  HoO      C  =  69-8;  H  =  9-5. 
C9H14O2  requires  C=:70-l  ;  H  =  9-l  per  cent. 

It  is  evident  that  this  substance  is  the  ester  of  one  of  the  tetrahydrohenzoic  acids, 
and,  as  a  large  quantity  has  accumulated,  it  will  be  further  investigated. 

K    K    2 


488  TEHKIN    AND   TATTERS  ALL  :    EXPERIMENTS   ON    THE 


Tlte  Lactone  of  cis-cy do IIexanol-3-carboxylic  Acid  and  Us  Conversion 
into  cis-3- Bromocyclohexanecarboxylic  Acid. 

When  the  uncrystallisable  hydroxy-acid,  obtained  as  explained  in 
the  last  section,  is  slowly  distilled  under  a  pressure  of  30  mm.,  water 
is  eliminated,  and  an  oil  passes  over  at  125 — 140°  which  becomes 
semi-holid  on  cooling.  The  thermometer  then  rises  rapidly  to  180°, 
between  which  temperature  and  195°  a  large  amount  of  a  colourless 
oil  (A)  distils  and  also  solidifies  on  cooling.  The  lower  fraction  was 
redistilled,  when  a  considerable  quantity  passed  over  at  125 — 130° 
(20  mm.)  and  crystallised  in  the  condenser  to  a  camphor-like  ma.ss. 
This  sub.stance,  which  was  found  to  be  the  lactone  of  the  cis-hydroxy- 
acid,  was  left  in  contact  with  porous  porcelain  until  quite  free  from 
oil,  and  then  crystallised  from  light  petroleum. 

0-1067  gave  0-2600  CO2  and  0-0756  H^O.     C  =  66-5  ;  H  =  7-9. 
CyHj^Og  requires  0  =  667;  H  =  7*9  per  cent. 

The  lactone  of  cis-cyc\ohexanol-3-carboxylic  acid  separates  from  light 
petroleum  in  groups  of  small  needle.s,  but,  even  when  freshly 
crystallised,  it  is  of  such  a  curious  sticky  nature  that  it  was  found 
impossible  to  introduce  it  into  a  capillary  tube,  and  the  quantity  was 
too  small  to  allow  of  its  melting  point  being  determined  by  any  other 
process,  It  is  insoluble  in  sodium  carbonate  in  the  cold,  but  is 
readily  hydrolysed  by  methyl-alcoholic  potash,  and  if  the  solution  is 
evaporated  until  fiee  from  alcohol,  acidified,  and  repeatedly  extracted 
with  ether,  the  ethereal  solution,  after  drying  over  calcium  chloride 
and  evaporating  to  a  small  bulk,  deposits  colourless  crusts  which  melt 
at  132°,  and  consist  of  the  pure  cis-hydroxy-acid  : 

01535  gave  0-3269  CO2  and  0-1181  HgO.     C  =  581  ;  H  =  8-5. 
CyHjgOg  requires  0  =  58-3;  H  =  8-4  per  cent. 

The  lactone  dissolves  in  aqueous  hydrobromic  acid  (saturated  at  0°) 
and,  on  standing,  crystalline  crusts  gradually  separate.  These  w^ere 
collected,  drained  on  porous  porcelain,  rapidly  washed  on  porous 
porcelain  with  formic  acid  (sp.  gr.  1-22),  and  dried  over  sulphuric  acid 
under  reduced  pressure  : 

0-2347  gave  0-2185  AgBr.     Br  =  38-1. 

CyHjj^OgBr  requires  Br  =  38-6  per  cent. 

Purified  in  this  way,  cis-^-hromocyc\ohexanecarhoxylic  acid  melts  at 
about  62 — 63°,  and  differs  from  the  corresponding  irfwis-isomeride 
(m.  p.  167°,  see  p.  489)  by  its  much  lower  melting  point  and  by  the 
fact  that  it  is  much  more  soluble  in  formic  acid  and  other  solvents. 
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trsins-cy doff exanol-3-cai'boxi/lic  Acid  and  its  Conversion  into  trans- 
d-Bromocyclohexanecarhoxylic  Acid  and  info  /\^-cjc\o-Hexenecarh- 
oxylic  Acid. 

In  the  last  section  mention  is  made  oF  an  oil  (A)  which  distilled  at 
about  195°  (30  mm.)  and  solidified  on  cooling,  and  investigation  has 
shown  that  this  consists  of  <raras-cyc^ohexanol-3-carboxylic  acid.  The 
crystalline  mass  was  left  in  contact  with  porous  porcelain  until  free 
from  oil,  and  several  times  crystallised  from  ether,  from  which  the 
new  acid  separated  in  colourless  crusts  : 

0-1686  gave  0-3598  CO^  and  0-1289  H2O.     0  =  58-2;  H  =  8-5. 
C^Hjj^s  requires  0  =  583  ;  H  =  8-4  per  cent. 

iYain&-cyc\o-Hexanol-^-carhoxylic  acid  melts  at  119 — 120°,  and  is 
readily  soluble  in  water  or  alcohol,  but  very  sparingly  so  in  dry 
ether.  In  its  other  properties  it  shows  great  similarity  to  the 
corresponding  cis-acid,  but  when  it  is  intimately  mixed  with  an  equal 
quantity  of  the  C2S-acid  (m.  p.  132°)  the  mixture  slunnks  at  90°  and 
is  almost  completely  melted  at  100°,  a  behaviour  which  clearly  proves 
that  the  acids  are  distinct.  The  <rare.s-acid  dissolves  readily  in 
aqueous  hydrobromic  acid  (saturated  at  0°)  and  no  separation  takes 
place  even  after  twenty-four  hours,  but  when  heated  at  100°  for  a 
few  minutes  the  solution  separates  into  two  layers,  of  which  the 
upper  is  the  bromo-acid.  This  was  isolated  by  diluting  with  water 
and  extracting  with  ether,  and,  after  the  ethereal  solution  had  been 
well  washed  with  water,  dried  over  calcium  chloride,  and  evaporated,  a 
viscid  syrup  remained  which  soon  commenced  to  crystallise.  The 
crystalline  mass  was  drained  on  porous  porcelain  and  twice  recrystal- 
lised  from  light  petroleum,  when  crystalline  crusts  were  obtained 
which  gave  the  following  results  on  analysis  : 

0-3476  gave  031 12  AgBr.     Br=  382. 

O^H^^OgBr  requires  Br  =  38-6  per  cent. 

trsLUS-S-Bromocyclohexanecarboxylic  acid  melts  at  167°,  and  is 
characterised  by  the  facility  with  which  it  crystallises  from  organic 
solvents.  It  dissolves  readily  in  boiling  benzene,  and  separates  on 
cooling  in  four-sided  plates  with  bevelled  edges.  It  is  also  readily 
soluble  in  methyl  alcohol,  chloroform,  or  ethyl  ace!:ate,  from  all  of  which 
it  crystallises  beautifully. 

Towards  hydx-obromic  acid  the  cis-  and  <ra?zs-modifications  of  cyclo- 
hexanol-3-carboxylic  acid  show  apparently  an  exactly  similar  behaviour. 
The  acids  dissolve  readily  in  the  hydrobromic  acid  and  no  change  takes 
place  at  the  ordinary  temperature.  When  the  solution  is  heated  at  100°, 
a  thick  syrup  separates  which  consists  of  the  tra7is-hYomo-a,cid  of  melt- 
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ing  point  167^,  together  with  a  more  soluble  bromo-acid  of  mncli  lower 
melting  point  which  is  doubtless  the  cis-modification.  Apparently 
hydrobromic  acid  at  100°  yields,  in  each  case,  an  equilibrium  mixture 
of  the  two  modifications  of  the  bromo-aoid. 

A^  cy c\o Hexenecarhoxylic  Acid  (A"'-tetrahydrobenzoic  acid). — trans-Z- 
Bromocyc^ohexanecarboxylic  acid  is  a  very  stable  substance,  since  it  is 
only  very  slowly  decomposed  by  boiling  pyridine;  when,  however,  it  is 
digested  with  diethylaniline  for  one  hour,  complete  decomposition  takes 
place  with  elimination  of  hydrogen  brom'de  and  formation  oF  A^-c?/cZo- 
hexenecarboxylic  acid.  The  product  was  ti-eated  with  excess  of  dilute 
hydrochloric  acid,  extracted  with  ether,  the  ethereal  solution  well 
washed,  dried  over  calcium  chloride,  evaporated,  and  the  residue  distilled 
under  reduced  pressure,  when  almost  the  whole  quantity  passed  over  at 
133°  (20  mm.)  and  solidified  reidily  in  a  freezing  mixture  : 

0'1635  gave  0-3981  COg  and  0-1175  HgO.     C  =  66-4;  H  =  80. 
CyH^oOg  requires  C  =  66-6  ;  H  =  7-9  per  cent. 

In  order  to  prove  that  this  sub-tance  was  A^-c?/c/ohexenecarboxylic 
acid,  its  behaviour  towards  bromine  was  investigated,  when  it  was 
found  that  4-26  gram«,  dissolved  in  chloroform  and  cooled  to  -  10°, 
alisorbed  about  5-5  grams  of  bromine  without  evolution  of  hydrogen 
bromide,  but  the  end  point  was  not  quite  sharp.  Tlie  quantity  of 
bromine  which  should,  theoretically,  have  been  absorbed  in  converting 
the  above  amount  of  an  unsaturated  acid,  C^HjqOo,  into  the  dibromo- 
addition  product,  CVHj^O.^Br.^,  is  5 "41  grams.  The  product  was  allowed 
to  remain  on  a  clock  glass  exposed  to  air  until  almost  the  whole  of  the 
chloroform  had  evaporated,  the  syrupy  residue  was  then  left  over 
sulphuric  acid  in  contact  with  a  crystal  of  3  :  4-dibromocycfohexane- 
carboxylic  acid,  when  crystallisation  soon  commenced.  After  traces  of 
oily  impurity  had  been  removed  by  contact  with  porous  porcelain,  the 
residue  was  washed  on  porous  porcelain  with  formic  acid  and  recrystal- 
lised  from  this  solvent,  when  colourless  plates  separated  which  melted 
at  86°  : 

01585  gave  0-2072  AgBr.     Br  =  55-6. 

C-Hj^OoBr^  requires  Br  =  559  per  cent. 

That  this  substance  was  3  :  4-dibromoc2/c/oliexanecarboxylic  acid 
(yS-dibromohexahydi'obenzoic  acid)  was  shown  by  mixing  it  with  a 
specimen  of  this  acid  which  had  previously  been  prepared  (Trans., 
1904,  85,  433)  from  cyc/ohexanol-4-carboxylic  acid,  when  no  alteration 
in  melting  point  could  be  observed. 
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cycloITexanone-S-carboxylic  Acid  {y-lcetohexahydrohenzoic  acid), 
CH,<^^~g|2>CH.C02H. 

This  acid  is  produced  by  the  oxidation  of  cis-c?/c?ohexanol-3-carb- 
oxylic  acid,  and  after  many  comparative  experiments  we  finally 
adopted  the  following  process  for  the  preparation  of  the  large 
quantities  of  the  acid  and  its  ester  which  were  requii-ed  for  this 
research.  The  cis-acid  *  (50  grams)  is  dissolved  in  water  (200  c.c ) 
warmed  to  45°,  and  then  a  solution  of  potassium  dichromate  (70  grams) 
and  sulphuric  acid  (50  c.c.)  in  water  (300  c.c.)  is  added  in  small 
quantities  at  a  time,  a  fresh  quantity  only  being  added  after  the 
previous  one  had  been  completely  reduced.  The  product  is  cooled, 
saturated  with  ammonium  sulphate  and  extracted  at  least  ten  times 
on  the  shaking  machine  ;  the  extract  is  dried  over  calcium  chloride, 
evapoiated,  and  the  crude  acid  converted  at  once  into  its  ester.  In 
doing  this  care  must  always  be  taken  to  use  only  weak  alcoholic 
solutions  of  hydrochloric  or  sulphuric  acids,  otherwise  conlensation 
takes  place  with  formation  of  oils  of  very  high  boiling  point.  The 
crude  acid  (20  grams)  is  left  in  contact  with  a  2 "5  per  cent,  solution  of 
alcoholic  hydrogen  chloride  (75  c.c.)  for  three  days  and  then  heated  to 
boiling  for  one  hour.  After  diluting  with  water  and  extracting  with 
eth^r,  the  ethereal  solution  is  washed  with  water  and  dilute  sodium 
carbonate,  evaporated,  and  the  residue  fractionated  several  times  under 
reduced  pressure  from  a  distilling  flask  with  a  long  neck  in  order  that 
the  separation  of  the  keto-ester  from  any  unchanged  hydroxy-ester  may 
be  as  complete  as  possible  : 

0-2891  gave  06711  CO^  and  0-2236  H.A     C  =  63-3;  H  =  8-6. 

01777     „     0-4161  CO^^    „    0-1380  h"^.     C  =  633  ;  H  =  8-7. 
CgHj^O^  requires  C  =  63-5  ;  H  =  8-3  per  cent. 

Ethyl  cy c\ohexanone-3-carboxylate  distils  at  138°  under  18  mm. 
pressure,  and  not  at  170 — 180°  (16  mm.)  as  stated  by  Einhorn 
{AnnaJen,  1896,  291,  303). 

In  order  to  prepare  the  ke to-acid,  the  pure  ester  was  digested  with 
dilute  hydrochLjric  acid  until  solution  was  complete,  the  product  was 
then  evaporated  on  the  water-bath  until  free  from  alcohol,  saturated 
with  ammonium  sulphate,  and  repeatedly  extracted  with  ether. 

The  ethereal  solution  was  dried  over  calcium  chloride,  evaporated, 
and  the  residue  distilled  under  reduced  pressure  (30  mm.),  when  almost 
the  whole  quantity  passed  over  at  205°  as  a  viscid,  colourless  oil,  which 

*  In  some  of  our  experiments  we  oxidised  the  crude  mixture  of  cis-  and  trans- 
isomerides  (p.  487),  but  the  yield  of  keto-acid  always  seemed  to  be  much  more  satis- 
factory when  the  pure  cis-acid  was  employed, 
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gradually  and  almost  completely  crystallised.  After  remaining  in 
contact  with  porous  porcelain  for  some  days,  the  acid  was  crystallised 
from  benzene,  from  which  it  separates  in  hard  crusts,  or  if  the  cold 
saturated  solution  is  allowed  to  evaporate  slowly  the  acid  is  ol)tained  in 
tl>e  form  of  small  glistening  prisms  : 

0-1835  gave  0-3981  CO^  and  0-1179  K.fi.     C  =  59-l  ;  H  =  7-l. 

0-1464     „     0-3174  CO2    „    0-0936  HgO.     0  =  592 ;  H  =  7-l. 
CyHjQOg  requires  0  =  59*1  ;  H  =  7-0  per  cent. 

cyo\oIIexanone-^-carbox7/lic  acid  melts  at  75—76°  and  is  very  soluble 
in  water,  alcohol,  or  benzene,  but  sparingly  so  in  light  petroleum. 

The  silver  salt,  CyHgOgAg,  was  prepared  by  adding  silver  nitrate 
to  a  hot  slightly  alkaline  solution  of  the  ammonium  salt  when  the 
filtered  liquid,  on  slowly  cooling,  deposited  the  silver  sxlt  as  a 
voluminous  felted  mass  of  minute  needles  : 

0-3011  gave  0-1309  Ag.     Ag  =  43-4. 

CyHfjOg  Ag  requires  Ag  =  43-3  per  cent. 

This  silver  salt  is  somewhat  readily  soluble  even  in  cold  water. 
The  neutral  solution  of  the  ammonium  salt  of  the  keto-acid  gives  no 
precipitate  with  barium  or  calcium  chlorides,  or  with  lead  acetate  or 
copper  sulphate. 

l^ie  oxime. — In  order  to  prepare  this  derivative,  c?/c^ohexanone-3- 
carboxylic  acid  (2  grams)  was  dissolved  in  water  and  mixed  with  a 
solution  of  hydroxylamine  hydrochloride  (2  grams)  and  caustic  potash 
(4  grams).  After  twenty-four  hours  a  slight  excess  of  hydrochloric 
acid  was  added,  the  clear  solution  extracted  ten  times  with  ether, 
and  the  ethereal  solution  dried  over  calcium  chloride  and  evaporated. 
The  syrupy  residue  gradually  crystallised,  and,  after  draining  on 
porous  porcelain,  the  oxime  was  purified  by  crystallisation  from  ether. 

0-1813  gave  13-7  c.c.  nitrogen  at  10°  and  752  mm.     N  =  8-8. 
CyH^^jOgN  requires  N  =  8-9  per  cent. 

cycloHexanoneoxime-d-carboxylic  acid  separates  from  ether  in  hard, 
crystalline  crusts  and  melts  at  170°  as  stated  by  Baeyer. 

It  dissolves  very  readily  in  warm  water  and  crystallises  from  a 
saturated  solution,  on  long  standing,  in  warty  masses. 

The  semicarbazone. — When  an  aqueous  solution  of  the  keto-acid  is 
mixed  with  semicarbazide  hydrochloride  and  sodium  acetate  and 
allowed  to  stand,  the  semicarbazone  gradually  separates  as  a  hard, 
crystalline  crust.  It  is  very  sparingly  soluble  in  alcohol  or  water, 
but  may  be  ci*ystallised  from  either  solvent,  and  is  thus  obtained  as  a 
sandy,  crystalline  precipitate  which  melts  at  182 — 183°  with  decom- 
position : 

0-1601  gave  28-5  c.c.  nitrogen  at  16°  and  758  mm.     N  =  20-9, 
CgHjgOgNg  requires  N  =  21-2  per  cent, 
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Formation  of  cycloHexanone-d-carboxylic  Acid  from 
Terephthalic  Acid. 

During  his  investigation  of  the  reduction  products  of  terephthalic 
acid,  Baeyer  {Bar.,  1889,  22,  2178)  showed  that  this  acid  may  be  con- 
verted into  cycZohexanone-3-carboxylic  acid  by  the  following  interest- 
ing series  of  reactions, 

Terephthalic  acid  is  nitrated  and  the  nitro-acid  reduced  to  amino- 
terephthalic  acid,  which,  when  treated  with  sodium  nitrite,  yields 
hydroxy  terephthalic  acid, 

C02H-C<^^j^?_l:^|>C-C0,H. 

This  hydroxy-acid  is  readily  reduced  by  sodium  amalgam  with  the 
formation  of  cyc\ohexanone-3  : 6-dicarboxi/lic  acid,  the  constitution  of 
which  is  probably  represented  by  the  formula 

When  this  acid  is  warmed  with  water  it  is  decomposed  with  evolu- 
tion of  carbon  dioxide  and  formation  of  cjc\ohexa7ione-3-carboxylic  acid, 

which  was  obtained  as  a  syrup,  but  was  characterised  by  conversion 
into  the  oxime,  which  melted  at  170°  (compare  p.  492). 

When  we  commenced  the  present  research,  this  series  of  decomposi- 
tions, discovered  by  Baeyer,  was  very  carefully  investigated,  because 
it  seemed  possible  that  this  process  might  prove  to  be  the  simplest 
method  for  the  preparation  of  the  large  quantities  of  c?/c^ohexanone- 
3-carboxjlic  acid  which  we  required  for  our  synthetical  experiments. 
We  theref  »re  prepared  a  large  amount  of  hydroxyterephthalic  acid, 
and  carefully  purified  it  by  converting  it  into  its  methyl  ester,  which, 
after  crystallisation  from  methyl  alcohol,  melted  at  96°  : 

0-1956  gave  0-4093  CO.^  and  0-0829  H.O.     C  =  57-0;  H=:4-7. 
^10^10^6  requires  C  =  57-l  ;  H  =  4-8  per  cent. 

This  ester  was  hydrolysed,  reduced  by  sodium  amalgam,  and  the 
cyc?ohexanone-3  : 6-dicarboxylic  acid,  isolated  in  the  manner  recom- 
mended by  Baeyer,  was  obtained  in  the  form  of  pale  yellow  crusts 
which  gave  correct  numbers  on  analysis  : 

0-1505  gave  0-2848  CO.3  and  0-0781  H,0.     C  =  51-7;  H  =  5-7. 
CgHj^oOg  requires  C  =  51-6;  11  =  5-4  per  cent. 

When  this  acid  was  boiled  with  w,iter,  carbon  dioxide  was  slowly 
eliminated,  and  the  solution,  on  standing,  deposited  a  considerable 
quantity  of  a  very  sparingly  soluble  acid.     This  was  collected  and 
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purified  by  lecrystallisation   from   glacial  acetic  acid,   from   which  it 
separated  as  a  pale  ochre,  granular,  crystalline  mass. 

Two  diiferent  specimens  gave  the  following  results  on  analysis  : 

0-1577  gave  0-3286  CO.^  and  0-0645  H.,0.     C  =  56-8  ;  H  =  4-6. 

0-1735     „     0-3624  CO2    „    0-0736  H^O.     C  =  56-9;H  =  4  7. 
CgHgO^  requires  0  =  57-1  ;  H  =  4-8  per  cen*^. 

The  investigation  of  this  acid  has  proved  conclusively  that  it 
is  A^'*-c.yc\ohexadiene-l  :  4:-dicarborci/lic  acid  (A^ '^-dihydroterephthalic 
acid), 

and  had  evidently  been  formed  by  the  elimination  of  water  from  cyclo- 
hexanoue-3  : 6-dicarboxylic  acid  during  the  boiling  with  water. 

This  acid  was  obtained  by  Baeyer  {A^inahn,  1888,  245,  145  ;  1889, 
251,  272),  by  the  direct  reduction  of  tereph*halic  acid  with  sodium 
amalgam.  It  gives  a  dimethyl  ester  of  malting  point  130°,  which  is 
characterised  by  yieldin;^  an  intense  yellow  colour  when  its  alcoholic 
solution  is  warmed  with  alcoholic  potash,  and  these  propei'ties  -were 
also  exhibited  by  the  acid  obtained  by  us. 

Tlie  aqueous  solution,  from  which  the  cyc/ohexadiene-1  : 4-dicarb- 
oxylic  acid  hid  been  separated,  was  saturated  with  ammonium 
sulphate  and  extracted  twenty  times  with  ether,  -when  the  ethereal 
solution,  after  drying  over  calcium  chloride  and  evaporating,  deposited, 
as  Baeyer  describes,  a  syrupy  acid  which  yielded  an  oxime  of  melting 
point  170°,  and  obviously  consisted  of  impure  cyc^ohexanone-3-carb- 
oxylic  acid. 

This  crude  acid  distilled  with  considerable  decomposition  even  under 
low  pressures ;  it  was  therefore  converted  into  its  ester  (compare 
p.  491),  and  this,  on  distillation  under  18  mm.  pressui'e,  yielded  a 
quantity  of  oil  boiling  at  135 — 145°,  but  there  was  a  considerable 
amount  of  an  oil  of  higher  boiling  point  left  in  the  flask. 

When  this  oil  was  hydrolysed,  a  syrupy  acid  was  obtained  which 
distilled  at  about  205°  (30  mm.)  and  gradually  solidified  ;  after  crystal- 
lisation from  benzene,  the  hard  crusts  melted  at  76°  and  were  found, 
by  direct  comparison,  to  be  identical  with  cycZohexanone-3-carboxylic 
acid  (p.  492). 

0-1317  gave  0-2854  CO2  and  0-0845  H^O.     0  =  59-1 ;  H  =  7-2. 
O^H^pOg  requires  0  =  59-1  ;  iI  =  7-0  per  cent. 

These  experiments  clearly  indicated  that  the  above  process  was  not 
suitable  for  preparing  cyc?ohexanone-3-carboxylic  acid  in  quantity,  and 
it  was  therefore  abandoned  in  favour  of  the  method  of  preparation 
described  on  p.  491, 
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The  Lactone  of  c\s-\ -Methylcyc\ohexanol-3-cai-boxylic  Acid  (cis- 
y-Hydroxyhexahydi'o-??i-toluic  Acid)  and  its  Conversion  into  cis- 
1  -Bromo-\-methylcjc\ohexane-^-carhoxylic  Acid. 

When  ethyl  c?/c?ohexanone-3carboxylabe  (50  grams)  is  gradually 
added  to  an  ethere  il  solution  of  magnesium  methyl  iodide  (containing 
15  grams  of  magnesium)  a  vigorous  action  takes  place  which  must  be 
moderated  by  cooling  in  ice  water,  and  a  thick,  oily  layer  separates 
which  gradua'ly  crystallises.  After  remaining  overnight,  the  product 
is  decomposed  with  dilute  hydrochloric  acid  in  the  usual  manner, 
extracted  at  least  twenty  times  with  ether  on  the  shaking  machine,  the 
ethereal  solution  evaporated,  and  the  residue  (45  grams)  digested  for 
one  hour  with  potash  (50  grams)  dissolved  in  methyl  alcohol.  "Water 
is  then  added,  the  neutral  oil  (B,  10  grams,  see  p.  502)  extracted 
several  times  with  ether,  the  alkaline  solution  neutralised,  evaporated 
until  free  from  alcohol,  acidified,  and  extracted  many  times  with  ether. 
The  ethereal  solution  is  dried  over  calcium  chloride  and  evaporated, 
and  the  thick,  syrupy  methylhydroxy-acid  converted  into  the  lactone  by 
distillation  under  reduced  pressure  (20  mm.). 

At  first  much  water  is  given  off,  and  then  about  two-thirds  distils  at 
130 — 150°,  but  a  considerable  fraction,  180 — 200°,  is  also  obtained, 
which  probably  contains  the  ir«MS-methylhydroxy-acid,  and  a  thick 
residue  remains  in  the  flask.  The  distillate  is  dissolved  in  ether  dried 
over  calcium  chloride  and  again  several  times  fractionated,  when  the 
lactone  (15 — 20  grams)  is  readily  obtained  pure  : 

0-1933  gave  0-4844  CO2  and  0-1504  H^O.     C  =  683  ;  H  =  8-6. 

0-1543     „     0-3881  CO2    „    0-1201  H^O.     C  =  68-6  ;  H  =  8-6. 
Cj^Hj^g^Q  requires  0  =  68-6;  H  =  8-6  per  cent. 

The  lactone  of  cis-\-methylcyc\ohexanol-3-carboxylic  acid  is  a  colour- 
less oil  which  distils  at  145°  (20  mm.)  and  at  170—171°  (100  mm.). 

In  order  to  Tprepare  c'lsl -bromo-l-methylcjclohexane-3-carboxylic  acid, 
the  lactone  (10  grams)  is  dissolved  in  aqueous  hydrobromic  acid 
(saturated  at  0°,  20  c.c),  when  an  oil  soon  separates,  and,  after  remain- 
ing for  twenty-four  hours,  water  is  added,  the  heavy  oily  layer  extracted 
Avith  ether,  dried  over  calcium  chloride,  and  evaporated.  The  residual, 
almost  colourless  syrup  did  not  crystallise,  but  after  remaining  for 
twelve  hours  in  an  evacuated  desiccator,  it  yielded  analytical  results 
which  agree  approximately  with  those  required  for  the  bi  omo-acid  : 

0-1715  gave  01421  AgBr.     Br  =  35-3. 

^8^13^2^'^  requires  Br  =  36'2  per  cent, 
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l-Methi/l-A^-cyc\ohexene-^-ca7'bo.r)/lic  Acid,  CH2<CptT^.pTT  ^^CH'CO^ll. 


'CMel  CH> 

In  the  preparation  of  this  acid,  1-bromo-l-methylcycZohexane- 
3-carboxylic  acid  was  dissolved  in  anhydrous  pyridine  (3  vols.)  and 
heated  on  the  water-bath  for  two  hours,  when  crystals  of  pyridine 
hydrobromide  separated  in  quantity.  After  heating  to  boiling  for  ten 
minutes,  the  mass  was  mixed  with  water  and  distilled  in  steam,  the 
distillate  was  acidified  with  hydrochloric  acid,  extracted  with  ether,  and 
the  ethereal  solution  dried  over  calcium  chloride  and  evaporated.  The 
residue  distilled  almost  constantly  at  140 — 142°  (20  mm.),  but  the 
unsaturated  acid  was  nevertheless  not  quite  pui'e,  since  it  dissolved  in 
sodium  carbonate,  yielding  an  opalescent  solution,  a  behaviour  probably 
due  to  the  presence  of  traces  of  lactone,  and  it  also  contained  traces  of 
bromine  : 

0-2055  gave  0-5113  CO,  and  0-1588  H^O.     C  =  67-7;  H  =  8-6. 

0-1438     „     0-3588  CO2    „     0-1137  H,0.     C  =  68-0 ;  H  =  8-6. 
CgH^oO,  requires  0  =  686  ;  H  =  8-6  per  cent. 

l-Methyl-A^-cyc\ohexene-3-carbox7/Uc  acid  is  a  colourless  oil  which  does 
not  crystallise  when  cooled  to  -10°;  it  shows  the  behaviour  of  an 
unsaturated  acid,  since  it  decolorises  bromine,  and  its  solution  in  sodium 
caibonate  instantly  reduces  permanganate. 

In  order  to  determine  whether  this  acid  was  a  single  substance  or  a 
mixture,  a  considerable  quantity  was  converted  into  the  calcium  salt 
by  boiling  with  water  and  an  excess  of  freshly  precipitated  calcium 
carbora'^e.  The  solution  was  concentrated  and  five  ci-ops  of  calcium 
salt  were  collected,  but  no  difference  in  the  appearance  of  the  crops 
could  be  detected.  They  were  all  analysed  and  found  to  contain  the 
same  percentage  of  water  of  crystallisation  and  of  calcium,  and  it  will 
be  only  necessary  to  give  details  of  the  analyses  of  Crops  I  and  V  in 
illustration  of  this  point  : 

Crop  I— 0-4201,  heated  at  100°,  lost  0-0879  H^O  and  yielded  0-13G9 
CaSO^.     HoO  =  20-9  ;  Ca  =  9-6. 

Croj)  v.— 0-4532,  heated  at  100°,  lost  0-0948  H^O  and  yielded  0-1514 
CaSO^.     H2O=20-8;  Ca  =  9-7. 
C^gH220^Ca,5Il20  i-equires  H2O  =  22-0;  Ca  =  9-8  percent. 

These  results  indicate  that  the  unsaturated  acid,  prepared  as 
explained  above,  is  a  single  substance.  In  order  to  determine  the 
position  of  the  double  linking  in  this  acid,  its  behaviour  on  oxidation 
was  next  investigated. 

In  carrying  out  this  experiment,  the  acid  (15  grams)  was  dissolved 
in  dilute  sodium  carbonate,  and,  after  mixing  with  powdered  ice,  a 
1  per  cent,  solution  of  potassium  permanganate  was  slowly  run  in  until 
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the  colour  remained,  carbon  dioxide  being  passed  through  and  the 
liquid  well  stirred  with  a  turbine  during  the  operation.  The  excess  of 
permaDganate  was  destroyed  by  the  addition  of  sodium  sulphite,  the 
product  heated  on  the  water-bath,  filtered,  and  the  filtrate  and  washings 
of  the  manganese  precipitate  evaporated  to  a  small  bulk.  After  acid- 
ifying with  hydrochloric  acid,  saturating  with  ammonium  sulphate,  and 
extracting  twenty  times  *  with  ether  on  the  shaking  machine,  a  viscid 
oil  (12  grams)  was  obtained  which  had  a  strong  odour  of  acetic  acid 
and  did  not  crystallise.  This  was  dissolved  in  water,  warmed  to  60°, 
and  a  dilute  solution  of  sodium  dichromate  and  sulphuric  acid  gradu- 
ally added  until  the  oxidation  was  complete.  After  saturating  with 
ammonium  sulphate  and  extracting  twenty  times  with  ether,  a  brown 
oil  was  obtained  which  was  converted  into  the  ester  by  treating  with 
alcohol  and  sulphuric  acid  in  the  usual  manner.  When  this  ester  was 
fractionated  under  20  mm.  pressure,  about  one-third  distilled  at 
130—140°  and  almost  the  whole  of  the  remainder  at  175  —185°.  The 
lower  fraction  contained  ethyl  adipate,  since,  on  hydrolysis,  it  yielded 
an  acid  which,  after  crystallising  from  water,  melted  at  148°  and 
proved  to  be  adipic  acid,  because,  when  mixed  with  a  specimen  of  pure 
adipic  acid,  no  alteration  in  the  melting  point  could  be  observed.  The 
fraction  175 — 185°  (20  mm.)  probably  contains  ethyl  w-acetylvalerate, 
COMe'CHo'CHg'CHg'CHo'COoEt,  since,  on  analysis,  it  gave  numbers 
agreeing  approximately  with  this  formula  and  showed  the  following 
behaviour.  Hydrolysis  with  methyl-alcoholic  potash  yielded  a  syrupy 
acid  which  did  not  crystallise  (w-acetylvaleric  acid,  when  quite  pure, 
crystallises  and  melts  at  40 — 42°),  but  which  gave  an  immediate 
precipitate  with  p-bromophenylhydrazine  acetate  and  yielded  bromo- 
form  and  adipic  acid  when  it  was  treated  with  bromine  and  caustic 
potash. 

Ethyl  l-Methyl- A^ -cy clohexene-S-carboxylate. — In  preparing  this  ester, 
the  acid  (25  grams)  was  mixed  with  alcohol  (250  c.c.)  and  sulphuric 
acid  (20  c.c),  and,  after  remaining  for  12  hours,  heated  on  the  water- 
bath  for  half  an  hour.  Water  was  then  added  and  the  ester  extracted 
with  ether,  the  ethereal  solution  washed  with  dilute  sodium  carbonate, 
dried  over  calcium  chloride,  and  fractionated  under  reduced  pressure  : 

0-1365  gave  0-3552  CO2  and  0-1153  HgO.     C  =  70-9;  H  =  9-4. 
CjoH-jgOg  requires  C  =  71-4;  H  =  9-5  per  cent. 

*  When  the  fifteenth  to  twentieth  extractions  were  evaporated  to  a  small  bulk,  a 
very  small  quantity  of  a  crystalline  acid  separated  which  melted  at  193°  and,  on 
analysis,  gave  numbers  agreeing  with  CgH|g04  and  also  approximately  with  CgHi404. 
This  acid  is  readily  soluble  in  warm  water,  but  almost  insoluble  in  cold  ether,  and 
when  heated  in  a  test-tube,  part  decomposes  and  part  sublimes  unchanged  and  tlie 
distillate  gives  an  immediate  precipitate  with  jj-bromophenylhydrazine. 

Possibly  this  acid  is  one  of  the  modifications  of  l-methylfycZohexaue-l  :  2-diol- 
3-carboxylic  acid,  but  the  amount  available  was  too  small  for  further  investigation. 
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Ethyl  l-jnethi/l-^^-i-ydohexene-S-carboxijlate  distils  at  128°  (60  mm.) 
and  has  a  very  jienetiating,  sickly  odour. 


Synthesis  of  Dihydrocarvestrenol  [^^-m.-Menthenol  (8)] 


CH2<^gVc^^>CH-CMe2-OH 

and  Carvestrene  [A^  =  8(^)-m-Menthadiene] 


CH.<CH!-CH>CH-CMe:CH, 

from  Ethyl  \- Methyl- i\^-cyc\ohexene-Z-carhoxylate. 

The  synthesis  of  dihydrocaivestienol  was  carried  out  as  follows. 
Ethyl  l-methyl-A^-cycZohexene-3-carboxylate  (30  grams)  was  gradually 
added  to  an  ethereal  solution  of  magoesium  methyl  iodide  (containing 
12  grams  of  magnei-ium),  when  very  little  evolution  of  heat  was  noticed 
at  the  time  of  mixing,  but,  on  standing,  the  temperature  gradually 
rose  to  the  boiling  point  of  the  ether  so  that  the  flask  had  to  be  cooled 
from  time  to  time.  After  i-emaining  for  twenty-four  hours,  the 
product  was  decomposed  by  water  and  dilute  hydrochloric  acid,  the 
ethereal  solution  evaporated,  and  the  residue  digested  for  a  few 
minutes  with  methyl-alcoholic  potash  (containing  5  grams  of  KOH)  in 
order  to  remove  any  unchanged  ester  which  might  be  present. 
The  product  was  diluted  with  water,  extracted  with  ether,  and  the 
ethereal  solution,  after  washing  with  water  and  drying  over  calcium 
chloride,  evaporated,  when  an  almost  colourless  oil  remained  which, 
after  two  fractionations,  distilled  constantly  at  105 — 108°  (30  mm.)  : 

0-1650  gave  0-4711  CO2  and  0-1751  HgO.     0  =  77-8;  H  =  ll-7. 
01322     „     0-3765  CO2   „     0-1411  H^O.     C  =  77  6  ;  H=  11-8. 
CjqHjsO  requires  C  =  77-9  ;  H  =  11-7  per  cent. 

Dihydrocarvestrenol  is  a  viscous,  colourless  oil  which  has  a  penetrat- 
ing odour  of  menthol  and  terpineol  and,  so  far,  has  not  been  obtained 
in  a  crystalline  condition.  Its  solution  in  acetic  anhydride  gives, 
with  a  drop  of  sulphuric  acid,  at  first  a  violet  coloration,  but  this  soon 
changes  to  an  intense  methylene-blue. 

The  determination  of  the  physical  pi-operties  of  dihydrocarvestrenol 
was  undertaken  by  Sir  W.  H.    Perkin,   with   the   following  results  : 

d  474°  =  0-933S;  d  15715^  =  0-9257;  d  25725°  =  0-9196. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

14-45°  1-1945  11-035 
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Refractive  power  : 

i=15°;  d  1574° -0-92299. 

H.  d  a 

a 1-47521  0-50934  78-438 

^  1-48532  052018  80-107 

y 1-49144  0-52673  81-116 

Dispersion  y  —  a  =  2-678. 

In  order  to  compare  these  numbers  with  the  physical  properties  of 
terpineol,  a  very  pure  sample  of  the  latter  was  prepared  by  fi'actionat- 
iug  crystalline  terpineol  from  Schimmel.  The  examination  of  this 
specimen  gave  the  following  results  : 

Density  (surfused) :  d  15715°  =  0-9415  ;  d  25725°  =  0-9358. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

17°  1-1951  10-876 

Refractive  power : 

«  =  14-8°;  d  14-874°  =  0-94080. 

fi.                                             cl  d 

a 1-48211  0-51244  78-916 

(3    1-49183  0-52278  80508 

y 1-49763  0-52894  81-457 

Dispersion  y  -  a=  2-541. 

It  will  be  seen  from  these  numbers  that  the  similarity  in  physical 
properties  between  dihydrocarvestrenol  and  terpineol  is  very  striking. 

When  dihydrocarvestrenol  is  mixed  with  an  equal  weight  of 
powdered  potassium  hydrogen  sulphate  and  heated  to  boiling  in  a 
reflux  apparatus  by  means  of  an  oil-bath,  water  is  readily  eliminated 
and  ca/rvcslrene  is  formed.  After  boiling  for  half  an  hour,  the  product 
is  treated  with  water  to  dissolve  the  salt,  extracted  with  ether,  the 
ethereal  solution  is  ^vashed  with  water,  dried  over  calcium  chloride 
and  evaporated,  and  the  oil  distilled,  when  almost' the  whole  quantity 
passes  over  at  175 — 185°,  the  conversion  of  the  alcohol  into  the 
hydrocarbon  taking  place  nearly  quantitatively.  After  twice  distill- 
ing over  sodium,  the  hydrocarbon  boiled  constantly  at  178 — 179° 
(750  mm.)  : 

0-1449  gave  0-4658  CO2  and  0-1568  H2O.     0  =  887;  H  =  12-0. 
0-1313     „     0-4240  CO.^    „   0-1401  H^O.     C  =  88-l ;  H  =  11-9. 
^lo-'^io  I'equires  C  =  88-2  ;  H  =  1 1  -8  per  cent. 
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Synthetical  carvestrene  has  a  pungent  odour  of  lemoBS,  and  its  solu- 
tion in  acetic  anhydride  is  coloured  a  deep  methylene-blue  whena  drop 
of  sulphuric  acid  is  added.  It  oxidises  in  the  air,  but  not  nearly  so 
rapidly  as  dipentene  does.  The  identity  of  synthetical  carvestrene 
with  the  hydrocarbon  prepared  by  Baeyer  {Be7:,  1894,  27,  3485)  from 
vestrylamino  was  px-oved  by  the  preparation  of  the  following 
derivatives. 

Carvestrene  Dihydrochloride,  CjQHjg,2IICl. — In  order  to  prepare  this 
characteristic  derivative,  synthetical  carvestrene  was  dissolved  in  an 
equal  volume  of  pure  ether  and  slowly  satui-ated  with  dry  hydrogen 
chloride,  the  temperature  being  kept  at   -  10°  during  the  operation. 

The  solution  gradually  became  dark  brown,  and,  after  remaining 
over  night,  it  was  poured  on  a  clock  glass  and  the  ether  allowed  to 
evaporate,  when  an  oil  remained  which  soon  crystallised.  In  contact 
with  porous  porcelain,  the  dark  coloured  impurities  were  quickly 
absorbed  and  the  almost  colourless  residue  separated  from  methyl 
alcohol  in  needles  of  melting  point  52'5°: 

01988  gave  02711  AgCl.     01  =  337. 

CjQHjgCl2  requires  Cl  =  33'9  per  cent. 

Carvestrene  Dihydrohromide,  CjQlI^(;,2HBr. — In  preparing  this 
derivative  a  saturated  solution  of  hydrogen  bromide  in  acetic  acid 
(5  c.c.)  was  cooled  to  -  10°  and  mixed  with  synthetical  carvestrene 
(1  c.c). 

At  first  the  hydrocarbon  floated,  but,  after  24  hours,  a  heavy  oil  had 
separated  below  the  acid,  and  shortly  afterwards  this  began  to 
crystallise.  The  crystals  were  left  in  contact  with  porous  porcelain 
until  quite  free  from  oil  (see  below)  and  then  crystallised  from  methyl 
alcohol  : 

0-2317  gave  0-2920  AgBr.     Br  -53-6. 

Cj^H^gBrg  requires  Br  =  53-7  per  cent. 

Carvestrene  dihydrohi'oniide  separates  from  methyl  alcohol  in  hard, 
prismatic  needles  and  melts  at  48 — 50°. 

The  dihydrochloride  and  dihydrohromide  prepared  from  synthetical 
carvestrene  have  exactly  the  same  melting  points  as  the  corresponding 
derivatives  obtained  by  Baeyer  (^Ber.,  1894,  27,  3490)  from  cai'vestrene 
from  vestrylamine.  Baeyer  was  kind  enough  to  send  the  authors  a 
small  quantity  of  his  carvestrene,  which  was  converted  into  the 
dihydrohromide  of  melting  point  48 — 50°.  When  this  was  mixed  with 
an  equal  quantity  of  the  dihydrohromide  from  synthetical  carvestrene, 
no  alteration  in  melting  point  could  be  observed,  and  this  fact  clearly 
proves  that  the  synthetical  hydrocarbon  is  identical  with  carvesti-ene 
from  vestrylamine. 

When  carvestrene  is  treated' with  hydrobromic  acid   under  the  con- 
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ditions  mentioned  above,  only  about  half  of  the  theoretical  quantity  of 
crystalline  hydrobromide  is  obtained.  If  the  porous  porcelain,  used  in 
its  purification,  is  extracted  with  ether  and  the  ethereal  solution 
evaporated,  a  heavy  oil  is  obtained  which  contains  about  50  per  cent, 
of  bromine  and  deposits  only  a  few  crystals  on  long  standing.  This 
behaviour  seems  to  point,  as  Baeyer  has  suggested,  to  the  formation 
of  CIS-  and  ^frans-modifications  when  carvestrene  reacts  with  hydro- 
bromic  acid. 


The  cis-  and  truns- Modifications  of  Tetrahydrocarvestrenediol 
(m.-Jfenthane-l  :  8-diol). 

When  dihydrocarvestrenol  (10  grams)  was  mechanically  shaken  with 
5  per  cent,  sulph.uic  acid  (350  c.c.)  it  gradually  dissolved  and,  after 
remaining  for  ten  days,the  clear  solution  was  saturated  with  ammonium 
sulphate  and  extracted  twenty  times  with  pure  ether.  The  ethereal 
solution  was  dried  over  calcium  chloride  and  evaporated,  when  a  thick 
syrup  resulted  which  soon  began  to  crystallise  and  ultimately  became 
almost  solid.  After  remaining  in  contact  with  porous  porcelain  until 
quite  free  from  oil,  the  residue  was  rapidly  washed  with  a  little  ether 
and  recrystallised  from  this  solvent  : 

01408  gave  0-3600  CO2  and  0-1458  H^O.     0  =  697;  H=ll-5. 
C^gHgoOg  requires  C  =  69  8  ;  H  =  1 1  -6  per  cent. 

cis-Tetrahydrocarvestrenediol  is  readily  soluble  in  dry  ether  and 
separates  from  the  concentrated  solution  as  a  voluminous  mass  of 
slender  needles ;  it  melts  at  about  90°,  and  is  excessively  soluble  in 
water. 

In  order  to  determine  whether  this  substance  combined  with  water 
to  form  a  hydrate,  corresponding  to  cz's-terpin  hydrate,  it  was  dissolved 
in  a  little  water  and  the  solution  allowed  to  evaporate  under  ordinary 
conditions.  The  crystalline  residue  was  left  exposed  to  the  air  until 
dry  and  then  analysed  : 

01126  gave  0-2871  CO2  and  0-1169  HjO.     0  =  69-5;  H  =  ll-6. 
^10^20^2  requires  0  =  69-8  ;  H  =  11-6  per  cent. 

It  is  therefore  obvious  that  cis-tetrahydrocarvestrenediol  does  not 
yield  a  hydrate  under  these  conditions.  cis-Tetrahydrocarvestrenediol 
dissolves  in  a  solution  of  hydrogen  bromide  in  acetic  acid  (saturated 
at  0°)  and,  on  standing,  crystals  gradually  separate.  These  were 
collected  and  recrystallised  from  methyl  alcohol,  when  colourless  needles 
were  obtained  which  melted  at  48 — 49°  and  consisted  of  trans- 
carvestrene   dihydrobromide.     The    acetic    acid   mother    liquor    from 
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these   crystals  gave,   on   dilution  with   watei',   a   quantity  of  an  oily 
bromo-compound  which  was  doubtless  the  crude  cis-modification. 

tY3i.ns-Tetrahydrocarvestrene,diol. — This  interesting  substance  was 
first  prepared,  in  small  quantities,  by  Baeyer  {Ber.,  1894,  27,  3490), 
and  found  to  melt  at  127°,  but  it  was  not  analysed.  We  have 
repeated  Baeyer's  experiments,  using  material  prepared  from  synthetical 
carvestrene,  with  the  following  results.  ^ra?is-Carvestrene  dihydro- 
bromide  (5  grams)  was  dissolved  iu  glacial  acetic  acid  (50  grams)  in 
the  cold,  and  silver  acetate  (10  grams)  added  in  small  quantities  at  a 
time,  the  whole  being  shaken  after  each  addition  and  any  rise  of 
temperature  avoided  by  cooling  in  ice-water.  The  decomposition  took 
place  at  once  with  separation  of  silver  bromide,  and,  after  remaining 
overnight,  the  product  was  filtered  and  the  silver  bromide  washed 
with  a  little  acetic  acid.  The  filtrate  was  then  mixed  with  water, 
neutralised  with  potassium  carbonate,  and  repeatedly  extracted  with 
ether.  The  ethereal  solution,  on  evaporation,  deposited  an  oily 
acetate  which  was  digested  with  methyl-alcoholic  potash  (containing 
5  grams  of  KOH)  for  a  few  minutes  ;  water  was  then  added  and  the 
«r«?is-tetrahydrocarvestrenediol  repeatedly  extracted  with  ether.  After 
washing  with  a  little  water,  the  ethereal  solution  was  dried  over 
calcium  chloride  and  evaporated,  when  a  crystalline  mass  remained 
which  melted  at  118 — 122°.  This  was  dissolved  in  much  light 
petroleum  (b.  p.  70 — 75°)  and  the  solution  rapidly  concentrated, 
during  which  operation  the  pure  substance  separated  in  long,  slender 
needles  : 

0-0854  gave  0-2165  CO^  and  0-0913  H.3O.     C  =  69-2;  H  =  ll-8. 
Cj(,H2o02  requires  C  =  69'8  ;  H=  11-6  per  cent. 

tvAXi.?,-Tetrahydrocarvestrenediol  melts  at  126 — 127°,  and  is  very 
readily  soluble  in  water,  alcohol,  or  ether,  but  very  sparingly  so  in 
cold  light  petroleum. 

Direct  Synthesis  of  Dihydrocarvestrenol  \^^^-va.-Menthenol{^)\  Tetrahydro- 
carvestrenediol  (xa-Menthane-l  :  S-diol),andits  Anhydride  {m-Gineol) 
from  Ethyl  cjcloHexanone-S-cai'boxylate. 

In  describing  the  preparation  of  l-methylc?/cZohexanol-3-carboxylic 
acid  from  ethyl  cycZohexanone-3-carboxylate  and  magnesium  methyl 
iodide,  attention  was  called  to  the  fact  that  a  neutral  oil  (B,  p.  495) 
with  a  strong  odour  of  camphor  is  formed  in  considerable  quantity 
during  the  reaction.  This  oil  was  collected  from  several  experiments, 
and  when  75  grams  had  accumulated  it  was  fractionated  under  reduced 
pressure  (20  mm.),  when  about  30  grams  distilled  at  85 — 95°, 
25  grams  at  95 — 120°,  and  most  of  the  remainder  (10  grams)  at 
130—150°. 
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The  fraction  85 — 95°  (20  mm.)  was  again  distilled  under  the  same 
pressure,  when  23  grams  passed  over  below  85°,  and  on  fractionating 
this  under  ordinary  pressures,  and  finally  over  sodium,  an  oil  was 
obtained  which  distilled  constantly  at  177 — 178°,  and  consisted  of  the 
nearly  pure  anhydride  of  cis-tetrahydrocarvestrenediol  (m-cineol) : 

0-1482  gave  0-4258  COg  and  0-1583  H^O.     C  =  78-4  ;  H  =  1 1  -9. 
CjQHjgO  requires  C  =  77-9  ;  H=  11-7  per  cent. 

The  oil  was,  however,  unstable  to  permanganate,  and  evidently  con- 
tained traces  of  some  unsaturated  substance,  probably  carvestrene ; 
it  was  therefore  shaken  with  ice  and  very  dilute  permanganate 
and  again  fractionated,  when  the  analytical  results  wei'e  more  satis- 
factory : 

0-1186  gave  0-3388  CO2  and  0-1268  HgO.     0  =  78-1;  H  =  ll-8. 

Ta-Cineol  is  a  colourless  oil  readily  volatile  in  steam,  which  pos- 
sesses a  most  pungent  odour  of  camphor  and  distils  at  177 — 178° 
(765  mm.). 

It  appears  to  form  salts  similar  to  those  which  are  so  characteristic 
of  ordinary  cineol,  but  the  amount  of  material  available  was  not 
sufficient  to  allow  of  these  being  investigated. 

Unlike  carvestrene,  m-cineol  dissolves  at  once  in  a  saturated  solu- 
tion of  hydrobromic  acid  in  acetic  acid  with  evolution  of  heat,  and  in 
a  few  minutes  the  solution  clouds  and  an  oil  separates,  but  even  after 
remaining  for  several  days  in  a  cool  place  this  did  not  show  any  signs 
of  crystallising.  The  product  was  diluted  with  water,  extracted  with 
ether,  the  ethereal  solution  washed  with  dilute  sodium  carbonate,  dried 
over  calcium  chloride  and  evaporated,  and  the  residue  exposed  over 
sulphuric  acid  in  an  evacuated  desiccator. 

A  very  small  quantity  of  f/a/is-carvestrene  dihydrobromide  (m.  p. 
48 — 49°)  slowly  separated,  and  the  oil  was  found  to  contain  49-4  per 
cent,  of  bromine.  There  can  therefore  be  little  doubt  that  the  main 
product  of  the  'action  of  hydrobromic  acid  at  low  temperatures  on 
m-cineol  is  c«s- carvestrene  dihydrobromide. 

The  second  fraction  of  the  neutral  oil  boiling  at  95 — 129°  (20  mm.) 
was  repeatedly  fractionated,  and  yielded  a  large  quantity  of  an  oil 
which  distilled  constantly  at  105 — 108°  (30  mm.),  and  was  found  to  be 
dihydrocarvestrenol : 

0-1092  gave  0-3113  CO2  and  0-1152  H2O.     C  =  77-6;  H=ll-7. 
CjqH^8^  requires  C  =  77-9  ;  H=  11-7  per  cent. 

The  highest  fraction,  130 — 150°  (20  mm.),  gradually  deposited 
crystals,  and  after  some  weeks  the  semi-solid  mass  was  left  in  contact 
with  porous  porcelain  until  the  oily  impurity  had  been  absorbed,  and 
the  colourless  residue  was  then  crystallised  from  light  petroleum,  from 
which  long,    slender   needles    separated.     This  substance   melted    at 
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126 — 127°,  and  was  found  to  be  tra.nfi-tetrahydrocarvesirenediol,  since, 
when  mixed  with  the  specimen  of  this  substance  obtained  as  explained 
on  p.  502,  no  alteration  in  tlie  melting  point  could  be  observed. 

The  authors  are  greatly  indebted  to  the  Research  Fund  Committees 
both  of  the  Koyal  Society  and  of  the  Chemical  Society  for  grants 
which  have  largely  defrayed  the  heavy  cost  of  this  investigation. 

The  Victoria  University, 
Manchester. 


L. — The  Influence  of  Solvents  on  the  Botatioii  of 
Oiotically  Active  Compounds.  Part  IX.  A  New 
General  Method  for  Studying  Intrcmiolecular 
Change. 

By  Thomas  Stewart  Patterson  and  Andrew  McMillan,  M.A. 

It  has  been  shown  in  pi'evious  parts  of  this  investigation  (Trans., 
1905,  87,  313)  that  the  rotation  of  ethyl  tartrate  may  be  considerably 
modified  by  admixture  with  inactive  substances,  and  it  is  particularly 
noticeal)le  that,  in  many  cases,  comparatively  large  effects  are  produced 
by  small  quantities  of  the  inactive  constituents.  Thus,  for  instance, 
whilst  the  rotation  of  pure  ethyl  tartrate  is  +9'354°,  the  addition  of 
25  per  cent,  of  water  raises  it  to  + 10'242°,  and  the  addition  of  20  per 
cent,  of  chloroform  lowers  it  to  +5"528°. 

A  consideration  of  the  changes  of  rotation  produced,  either  in  con- 
centrated or  dilute  solution  by  the  addition  of  inactive  solvents,  sug- 
gested a  further  line  of  research,  namely,  an  examination  of  the 
relative  effects  of  isomeric  solvents  in  modifying  the  rotation  of  active 
compounds,  a  problem  which  is  at  present  being  investigated.  That 
symmetrical  ethyl  sulphite  and  asymmetrical  ethyl  svilphite,  to  take  an 
example,  will  produce  different  effects  on  the  rotation  of  an  active 
compound  dissolved  in  them  is  practically  certain,  but  as  to  the 
magnitude  of  the  difference,  we  can  at  present  say  nothing.  This 
idea,  however,  in  turn  suggests  the  further  possibility  that  if  a 
substance  capable  of  undergoing  intramolecular  change  be  dissolved  in, 
say,  ethyl  tartrate,  the  rearrangement  of  the  molecule  of  the  former 
might  be  indicated  and  followed  by  the  gradual  alteration  in  the  rota- 
tion of  the  latter,  since  the  two  different  modifications  of  the  inactive 
substance  might  have  different  solvent  influences. 

The  present  paper  gives  an  account  of  some  experiments  which  we 
have  instituted  in  this  direction.     We  chose  as  the  first  subjects  for 
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examination  the  two  oximes  of  benzaldebyde,  passing  then  to  anisald- 
oxime  and  to  ethyl  formylphenylacetate.  In  each  case  our  expecta- 
tions were  realised,  the  results,  especially  in  the  case  of  the  oximes, 
being  of  a  much  more  striking  character  than  could  have  been  anti- 
cipated. 

The  polarimeter  has,  of  course,  often  been  used  to  follow  the  course 
of  a  chemical  reaction  as,  for  instance,  the  inversion  of  sucrose,  which 
was  studied  by  Wilhemy,  or  the  mutual  conversion  of  the  nitro-  and 
«/^-nitro-derivatives  of  camphor  and  7r-bromo-camphor  which  Lowry 
(Trans.,  1899,  75,  211)  has  described,  but  in  all  such  cases  the 
substance  which  undergoes  change  is  the  active  compound  itself,  a 
condition  which  greatly  limits  the  applicability  of  the  method. 

A.  polai'imetric  method  which  would  make  it  possible  to  follow  mole- 
cular change  in  inactive  substances  would  obviously  be  of  great  service 
in  various  directions,  and  the  possibility  of  establishing  such  a  method, 
and  one  too  of  a  general  character,  is  certainly  indicated  by  the  above 
considerations. 

Experimental. 

It  was  of  interest,  to  begin  with,  to  ascertain  the  influence  of  benz- 
«?^f^aldoxime  on  the  rotation  of  ethyl  tartrate,  so  we  first  directed  our 
attention  to  this  point. 

The  benzctK^taldoxime  was  prepared  in  the  usual  manner.  It  boiled 
at  122— 123°  at  19  mm.  (oil-bath,  160°). 

Determination  of  its  density  gave  the  following  results  : 


Temperatures 
Densities 


18° 
•11232 


22^ 
•10854 


26° 
•10573 


38° 
1^0957 


Rotation  of  Ethyl  Tartrate  in  Benzantialdoxhie. 


79-90 


Densities  determined 


Temperatures 
Densities    


(40  mm.). 

Density. 

K- 

+  4-90° 

1-1932 

+  12-85° 

5-15 

1-1680 

13-79 

5-32 

1-1474 

14-52 

5^60 

1-1285 

15-52 

5-80 

1-1130 

16-26 

4-85 
1  . 

1-1938 

12-71 

X  . 

44-6° 

47 

•5° 

54-8° 

64 

•75°          74-0° 

1-1647 

1-1616         1-1539 

1- 

1443         1-1348 

j;  =  grams  of  ethyl  tartrate  per  100  grams  of  solution. 
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49-6228. 

t\ 

aj^°  (70  mm.). 

Density. 

{<■ 

13-8° 

+  4-25° 

1-1644 

+  10-51° 

20-5 

4-40 

1-1582 

10-94 

30-0 

4-62 

1-1493 

11-57 

37-8 

4-80 

1-1420 

12-10 

47-8 

5-04 

1-1326 

12-81 

67-1 

5-45 

1-1144 

14-12 

84-6 

5-81 

1-0980 

15-23 

91-1 

5-94 

1-0915 

15-63 

114-1 

6-15 

1-0720 

16-53 

131-5 

6-30 

1-0548 

17-19 

14-3 

4-40 

1-1640 

10-88 

nsities  determined  : 

Temperatures 

18° 

22° 

28-75° 

40° 

Densities   

1-1605 

1-1565 

1-1504 

1-1399 

j9: 22-819. 


/°. 

< 

(70  mm.). 

Density. 

w; 

17-5 

-0-04° 

1352 

-0-22° 

26-1 

+  0-24 

1274 

+ 1  -33 

38-0 

+  0-60 

1168 

+  3-36 

41-2 

+  0-70 

1140 

+  3-93 

16-0 

-0-08 

1365 

-0-37 

56-4 

+  1-16 

1101 

+  6-58 

68-1 

+  1-52 

0905 

+  8-73 

82-3 

+  1-90 

0780 

+  10-80 

96-0 

+  2-12 

0660 

+  12-45 

117-5 

+  2-46 

1-0484 

+  14-69 

Densities  determinec 

: 

Temperatures... 

22° 

28° 

34 

5° 

45° 

54-75° 

77-7° 

Densities 

1-1313 

1-1261 

1-1204 

1- 

1112 

1-1027 

1-0823 

jt>:  10-372. 


r. 

26-0° 

37-0 

56-1 

78-5 

96-0 
1090 
1-22-5 
134-0 

Densities  determined 

Temperatures    21 


a^°  (100  mm. 

. 

Density. 

\.<- 

-0-84° 

1-1160 

-7-26° 

-0-39 

1-1065 

-3-38 

+  0-12 

1-0905 

+  1-07 

+  0-70 

1-0710 

+  6-30 

+  1-02 

1-0565 

+  9-31 

+  1-24 

10456 

+  11-43 

+  1-41 

1-0392 

+  13-08 

+  1-52 
led  '. 

1-0245 

+  14-30 

21-5° 

27-5° 

33-6° 

40-5°           44-5° 

1-11976 

1-11483 

1-1096 

1-1037         1-1003 

The  cui'ves,  which  may  be  obtained  from  these  data,   showing  the 
relationship  between  specific  rotation  and  temperature,  are  reproduced 
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in  Fig.  1,  the  graph  for  homogeneous  ethyl  tartrate  being  also  shown 
for  comparison.  It  will  be  observed  at  once  that  benzaji^mldoxime 
has  a  very  remarkable  effect  on  the  rotation  of  ethyl  tartrate. 
Whereas  the  rotation-temperature  curves  for  the  p :  80  and  p :  50 
solutions  lie  above  that  for  the  pure  ester,  those  for  solutions  of  p  :  23 
and  ^:):  10  lie  below  it,  at  least  at  temperatures  less  than  100°.  A 
behaviour  similar  to  this  has  been  observed  in  other  cases,  but  the 

Fig.  1. 
Tem2)e7-attt7-e. 
20°  40°  60°  80°        100°        120°        140° 


16° 


12 


^ 

^ 

- 

& 

■  r>, 

p.  79-9 

i^ 

1 — ^ 

^ 

y 

^ 

^ 

^ 

5^ 

^ 

X 

^ 
^ 

^ 

^ 

<f 

/ 

/ 

/ 

/ 

/" 

0 

/ 

/ 

/ 

-12 


Temperature-rotation  curves.    Ethyl  tartrate  in  benzantialdoxime. 

remarkable  effect  which  dilution  produces  on  the  rotation  of  the  dis- 
solved ethyl  tartrate  is  much  more  striking  than  in  any  other  case 
hitherto  examined.  A  jo  :  10  solution  which  has  [ajo  -  7"7°  at  20°, 
15"4:°  less  than  the  pure  ester,  is  inactive  at  about  51°,  and  at  100°  has 
[a]])  +10°  which  is  only  3'5°  less  than  that  of  the  pure  ester.  The 
cause,  therefore,  which  brings  about  the  diminution  of  rotation  is  very 
rapidly  overcome  by  rise  of  temperature. 


i_ 
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By  interpolation  fi^oni  these  curves  we  find  for  the  specific  rotations 
of  the  solutions  at  20°  and  100°  the  following  numbers  : 

100-0  +7-76° 

79-9  +12-9 

49-62  +10-8 


20' 


15 


20 


+  13-5° 
+  16-4 
+  16-1 

P- 

22-82 

10-37 

0-0 

[«r- 

+  0-2° 
-7-7 
-16-0 

+  12-8 
+  9-9 
+  7-0 

Fig 

.  2. 

Concentration. 

40 

60 

80 

100 

10  ^ 


-5 


-10 


-15 


■20 


^15\^ 

too' 

k 

'>^ 

K' 

?^ 

-4 

,.___^^      1 

> 

/                         Cljjfcerl^l     M)" 

/  i 

1 

Concentration-rotation  curves.     EtJiyl  tartrate  in  benzantialdoxime  and  in  glycerol. 

From  these  data,  the  complete  curves  (benzanfmldoxime)  in  Fig  2 
have  been  drawn.  The  rotation  of  the  pure  ester  is  +  7-76°  at  20°. 
Addition  of  oxime  increases  this  rotation  gradually  until  p  :  70,  when 
a  maximum  value  for  the  specific  rotation  of  +13-6°  is  reached. 
Further  addition  of  oxime  then  diminishes  the  rotation,  which  has  in  a 
solution  of  ^  :  37  the  same  value  as  the  homogeneous  ester ;  a  solution 
of  p  :  22   is  inactive,  whilst  a,  p:lO  solution    has  a  rotation  equal  in 
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ON   THE    ROTATION    OF   OPTICALLY   ACTIVE    COMPOUNDS.      509 

magnitude,  but  opposite  in  sign  to  that  of  the  pure  ester.  At  infinite 
dilution  the  specific  rotation  wovild  be  approximately  -  16°.  The  rota- 
tion therefore  varies  some  30°  between  the  extreme  limits  and  by 
about  equal  amounts  on  either  side  of  zero. 

The  concentration-rotation  curve  at  100°  is  also  shown  in  the 
diagram.  It  is  obviously  of  the  same  kind  as  the  curve  for  20°,  but 
somewhat  modified  in  form.  The  maximum  occu.rs  in  both  at  almost 
the  same  concentration,  p :  70,  and  it  is  worthy  of  note  that  the  con- 
centration corresponding  to  a  mixture  of  1  molecule  ethyl  tartrate  and 
1  molecule  oxime  is  p  :  63. 

In  this,  then,  as  in  other  cases,  the  influence  of  changing  concentra- 
tion on  rotation  is  much  less  striking  at  100°  than  at  20°,  although  in 
the  present  instance  still  very  remarkable. 

The  solvent  which  causes  a  variation  most  like  this  is  glycerol 
(Trans.,  1901,  79,  178).  The  concentx'ation  curve  for  ethyl  tartrate  in 
glycerol  at  20°  is  shown  in  Fig.  2  for  comparison.  It  will  be  observed 
that  it  is  similar  in  character  to  that  for  the  oxime,  but  in  an  exactly 
opposite  sense.  Addition  of  glycerol  to  ethyl  tartrate  gradually 
depresses  the  rotation  of  the  ester  to  reach  a  minimum  value  at  ^j :  68 
at  20°.  Further  addition  of  glycerol  increases  the  rotation  to  reach 
-t-  7*76°  at  p  :  26,  whilst  the  value  at  infinite  dilution  is  +  10'6°. 

The  peculiar  form  of  the  concentration-rotation  curve  for  the  oxime 
might  perhaps  encourage  the  idea  that  at  p  :  70  the  oxime  exists  chiefly 
in  one  form,  whilst  in  dilute  solution  the  other  form  preponderates, 
but  our  subsequent  experiments  seem  to  show  that  this  is  not  the 
case,  and  that  the  remarkable  form  of  this  curve  must  be  otherwise 
explained. 

Ex2)eriments  ivith  Benzayaaldoxime. — Having  thus  established  the 
influence  of  benz««f laldoxime  on  the  rotation  of  ethyl  tartrate,  we  pro- 
ceeded to  a  study  of  the  behaviour  of  mixtures  of  ethyl  tartrate  with 
benzs2/?zaldoxime. 

Benzs2/?^a]doxime  was  prepared  from  its  hydrochloride  by  the  action 
of  s-lightly  more  than  the  calculated  quantity  of  sodium  carbonate 
sokition.  The  solid  after  washing  and  thorough  drying  was  crystal- 
lised as  rapidly  as  possible  from  diy  chloroform  heated  to  about  50°. 
The  preparation  used  melted  at  127°. 

"We  first  made  up  a  solution  of  ^:):  90*11  (that  is,  one  containing 
9*89  per  cent,  of  sywoxime).  The  oxime  did  not  dissolve  very  readily 
and  slight  heating  was  necessary.  This  solution  was  examined  in  a 
100  mm.  tube  in  the  polarimeter.  At  17*3°  the  observed  rotation  was 
+ 11*38°,  and  after  standing  for  half  an  hour  this  had  fallen  to  11'18°. 
The  rotation  was  thus  changing  gradually,  and  to  accelerate  the  altera- 
tion the  tube  containing  the  solution  was  heated  to  50°  for  more  than 
an  hour  and  allowed  to  cool. 
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On  the  following  morning  the  rotation  had  become  +8"15°  at  17"3°. 
No  further  alteration  was  observed. 

Now  it  is  well  known  that  benzsynaldoxime  readily  changes  into 
heBzantiii\doxivae,  and  it  was  necessary  to  ascertain  whether  the  above 
solution,  after  a  constant  rotation  had  been  reached,  corresponded  with 
the  solutions  of  antioxime  which  had  been  examined  previously.  Its 
rotation  was  therefore  redetermined,  after  constant  rotation  had  been 
reached,  at  several  temperatures,  with  the  following  results  : 

;>:90-ll. 

t°.  a[;(100mni.).  Density.  [a]^. 

17-3°  +8-15°  1-2012  +10-76° 

27-8  8-52  1-1903  11-35 

44-0  9-15  1-1740  12-36 

20-0*  8-25*  1-1982  10-85* 

Densities  determined  : 

Temperatures   21-1°  26°  34-25°  43-50° 

Densities   1-1975  1-1922  1-1835  1-1746 

*  Inter2)olated. 

The  value  [afo  + 10-85,  for  this  solution  thus  falls  exactly  on  the 
concentration  ciu've  deduced  from  solutions  of  the  antioxime,  and 
therefore  the  synoxime  had  been  converted  completely  into  the  anti- 
form.  The  solution  behaved  exactly  as  if  it  had  been  made  up 
originally  with  the  anti-iorm  although  its  behaviour  at  first  was 
totally  different.  The  maguitude  of  the  change  in  the  rotation  of  the 
ethyl  tartrate  due  to  this  intramolecular  rearrangement  is  most  strik- 
ing. Mixture  with  antioxime,  as  has  been  shown,  raises  the  rotation 
of  the  ethyl  tartrate,  but  mixture  with  the  synoxime  has  a  much  more 
pronounced  effect  in  the  same  direction.  The  observed  rotation  in  this 
instance  fell  from  +11-38°  to  +8-15°,  or  by  3-23°  for  only  100  mm., 
and  it  must  be  remembered  that  +  11-38'  is  not  the  true  initial  value 
for  the  solution  of  the  synoxime,  since  the  rotation  had  been  falling 
during  the  preparation  of  the  mixture,  and  whilst  it  was  lying  in  the 
jacket  of  the  polarimeter  to  attain  uniform  temperature. 

That  this  very  considerable  change  could  be  brought  about  by 
rearrangement  of  only  9-89  per  cent,  of  inactive  substance  indicated  a 
very  simple  means  whereby  the  velocity  of  transformation  of  syn- 
aldoximes  into  a/i^taldoximes  under  varying  external  conditions  could 
be  measured  directly  and  easily  in  ethyl  tartrate  solution,  an  optical 
method  being  of  course  by  far  the  best  for  the  purpose  since  the 
substance  undergoing  change  may  be  left  entirely  undisturbed  during 
the  course  of  the  reaction. 

Certain    reactions  of    the   oximes  have  already  been  submitted  to 
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measurement.  Thus  Hantzsch  {Zeitsch.  physikal.  Chem.,  1894,  13, 
509)  has  determined  the  velocity  with  which  the  acetates  of  the 
sywoximes  are  converted  into  nitviles  in  aqueous  ethyl-alcoholic  solu- 
tion, whilst  Ley  {Zeitsch.  physikal.  Cliem.,  1895,  18,  376)  has  studied 
the  influence  of  temperature  on  the  velocity  of  this  reaction  and  has 
also,  by  an  ingenious  but  somewhat  difficult  method,  measured  the 
velocity  of  transformation  of  the  acetates  of  the  s^?ioximes  into  the 
corresponding  salts  of  the  rtwf^oximes  under  the  influence  of  hydro- 
chloric acid,  but  no  method  has  hitherto  been  available  for  measuring 
the  rate  of  transformation  of  a  syn-  into  an  anti-ox.\m.e. 

We  therefore  proceeded  to  test  our  method,  using  a  solution  contain- 
ing less  oxime,  the  results  being  given  in  the  following  table.  The 
values  for  initial  rotation  are  obtained  by  extrapolation,  and  the  time 
in  minutes  after  preparation  of  the  solution  is  given  in  the  column 
headed  T  : 


;j: 

92- 

82.     a -4-37' 

\     Temperature  20°. 

(minutes). 

a"' 

D 

5°  (100  mm.). 

a-x. 

1000 ;.-. 

0 

+  15-60° 





45 

15-1 

3-87° 

2-69 

80 

14-8 

3-57 

2-53 

130 

14-53 

3-30 

2-16 

155 

14-45 

3-22 

1'96 

1115 

12-625 

1-395 

1-09 

3975 

11-23 

— 

— 

Now  the  transformation  of  a  syn-  into  an  «n<i-oxime  ought  to  be  a 
unimolecular  reaction,  and  if  we  assume  that  the  change  of  rotation  of 
the  ethyl  tartrate  is  directly  proportional  to  the  change  of  concenti'a- 
tion  of  the  syno's.ime  we  obtain  the  second  and  third  columns  in  the 
above  table,  where  a^  =  total  change  of  rotation,  x'^  is  proportional  to 
quantity  of  synoxime  transformed  after  time  T,  and  k  is  calculated 
from  equation  : 

7  1  1  « 

^=   ^,ioge 

2  a-x 

The  values  thus  obtained  for  k  are  not  constant.  The  velocity  of 
the  transformation  seems  to  be  nearly  3  initially,  diminishing,  how- 
ever, to  about  one- third  of  this  value  after  1000  minutes.  The  time 
required  for  one  quarter  of  the  transformation  to  take  place  is 
roughly  140  minutes,  for  half -change  490  minutes,  and  for  three- 
quarter  change  1190  minutes. 

It  was  found  in  preparing  the  above  mixture  that  the  proportion  of 
synoxime  used  was  still  rather  large  to  be  brought  into  solution  quite 
easily  and,  therefore,  the  next  solution  examined  contained  less  oxime. 
The  data  for  this  solution  were  found  as  follows  : 
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V- 

95-2 

.     Tempei 

■atui 

e  20°. 

rt 

=  3-25 

D 

T  (minutes). 

a2 

(100  mill.). 

a  -  0'. 

1000  k. 

0 

13-95° 

— 



25 

13-76 

3-06° 

2-41 

40 

13-60 

2-90 

2-85 

85 

13-33 

2-63 

2-49 

130 

13-13 

2-43 

2-23 

220 

13-00 

2-30 

1-57 

295 

12  83 

2-13 

1-43 

360 

12-73 

2-03 

1-31 

415 

12-60 

1-90 

1-29 

1355 

11-43 

0-73 

1-20 

1590 

11-25 

055 

1-12 

1830 

11-13 

0-43 

rio 

2840 

10-73 

— 

— 

3150 

10-70 

— 

— 

4170 

10-70 

— 

— 

It  will  be  observed  that  the  behaviour  here  is  much  the  same  as  in 
the  previous  instance.  The  velocity  of  transformation  falls  off 
gradually  as  time  elapses.  It  is  possible  that  the  value  of  k  after  25 
minutes  is  incorrect.  From  about  80  minutes  on  the  values  are  almost 
thelsame  as  in  the  p  :  92*82  solution,  and  the  initial  value  is  also 
probably  nearly  3. 


Influence  of  Temperature  on  the  Velocity  of  Transformation. 

We  next  proceeded  to  determine  the  influence  of  temperature  on  the 
velocity  of  transformation  of  the  oxime,  using  two  solutions  of  as 
nearly  as  possible  j) :  95,  The  results  are  recorded  below.  The  tem- 
perature {i°)  was  kept  as  near  32-4°  and  429°  as  we  could,  but  it 
varied  slightly  : 

^j:  95-10.     a  =  2-56°. 


T  (minutes). 

t°. 

a^  (100  mm.). 

a-x. 

1000 

0 

— 

+  14-3° 



— 

15 

32-4° 

14-14 

2-4° 

4-27 

45 

32-4 

13-84 

2-10 

4-40 

80 

32-8 

13-60 

1-86 

3-99 

1-20 

32-4 

13-33 

1-59 

3-97 

175 

32-4 

13-07 

1-33 

3-74 

245 

32-5 

12-76 

1-02 

3-75 

360 

32-5 

12-42 

0-68 

3-68 

390 

32-5 

12-30 

0-56 

3-89 

450 

33-1 

12-20 

0-46 

3-81 

1190 

32-8 

11-74 

— 

— 

1260 

33-0 

11-74 

— 

— 
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p:95-2.      rt  =  2-5°. 


'  (minutes). 

t°. 

a«*. 

0 

— 

+  15-00 

15 

42-9° 

14-62 

30 

42-9 

14-28 

75 

42-8 

13-61 

160 

42-8 

12-97 

225 

42-5 

12-74 

310 

42-8 

12-58 

360 

42-8 

12-53 

510 

42-6 

12-50 

590 

42-5 

12-50 

2-12° 

1-78 

1-11 

0-47 

0-24 

0-08 

0-03 


1000  Jc. 

11-0 
11-3 
10-8 
10-4 
10-4 
11-1 
12-3 


The  initial  velocities  for  these  solutions  found  by  plotting  ciu'ves 
are  about  4-6  and  11  respectively. 

In  regard  to  the  data  for  these  two  solutions,  two  facts  may  be 
noticed.  In  the  first  place,  the  velocity  of  transformation  increases 
rapidly  with  rise  of  temperature,  having  at  20°  an  initial  value  of 
about  3,  at  32-4°  one  of  about  4-6,  and  at  42-9°  one  of  11.  In  the  second 
placent  is  very  noticeable  that  whilst  at  20°  the  values  found  for  Jc 
diminish  as  time  elapses,  the  diminution  in  the  value  of  k  at  3 2 "4°  is 
distinctly  less,  and  at  42-9°  k  is  practically  a  constant. 

The  variation  in  the  value  of  k  at  the  lower  temperatures  is  per- 
plexing. It  may  possibly  be  due  to  some  tendency  of  the  synoxime 
and  tartrate  to  combine  with  each  other,  the  combination  taking  place 
only  slowly.  This  might  hinder  the  change  of  the  syn-  into  the  anti-iorm, 
and  diminish  the  rate  of  transformation,  but  it  does  not  seem  to  prevent 
the  change,  since  the  solutions  made  up  with  synoKime  assume, 
ultimately,  exactly  the  same  rotation  values  as  solutions  made  up  with 
the  antioxime. 

It  seemed  of  interest  .to  ascertain  if  there  exists  in  solution  any 
equilibrium  between  syn-  and  a«^i-form.  We  therefore  prepared  solu- 
tions of  ethyl  tartrate  and  solid  benzan^ialdoxime,  m.  p.  35°  (which 
dissolves  very  readily),  but  we  were  unable  with  the  means  at  our 
disposal  to  detect  any  increase  in  the  rotation  of  these  on  standing ; 
the  change  appears  to  be  irrever.^ible. 

Another  explanation  of  the  inconstancy  of  k  at  20°  occuri-ed  to  us. 
In  making  our  calculation  we  have  assumed  that  the  change  in 
rotation  is  directly  pro^Dortional  to  the  amount  of  synox^im.e  trans- 
formed, but  it  is  possible  that  this  might  not  be  so.  To  test  the  point, 
we  made  up  several  solutions,  each  containing  the  same  total  amount 
of  oxime,  but  made  up  by  mixing  the  syn-  and  anti-oximes  in  varying 
proportions. 

These  experiments  were  carried  out  with  a  fresh  preparation  of 
ethyl  tartrate  which,  unfortunately,  does  not  seem  to  have  been  quite 
pure. 
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It  had  been  twice  distilled,  and  gave  0^"*'  + 9 '45,*  but  it  possibly 
contained  some  moisture.  The  results  are  therefore  not  strictly 
comparable  with  the  preceding,  but  they  serve  to  elucidate  the  point 
under  consideration  : 


I.— Ethyl  tartrate 95-09 

synOxime 4*91 


Temperature  20°.     a  =  2-7= 


(minutes). 

o2«°(100nim.). 

a-x. 

1000/ 

0 

+  13-20° 



— 

25 

12-72 

2-22° 

7-83 

65 

12-32 

1-82 

6-06 

150 

11-92 

1-42 

4-28 

220 

11-66 

1-16 

3-83 

1235 

10-66 

0-16 

2-28 

1370 

10-50 

— 

— 

00 

10-50 

— 

— 

II. — Ethyl  tartrate 95  per  cent. 

Benzs?/j«aldoxime 4         ,, 

Benzaniialdoxime    ...   1         „ 
«  =  2-19° 


T  (minutes). 

af  (lOOmin.). 

0 

+  12-70° 

35 

12-36 

•      105 

11-96 

165 

11-81 

225 

11-70 

540 

10-70 

2600 

10-51 

1-85° 

1-45 

1-30 

1-19 

0-19 


1000  k. 

511 
3-89 
3-16 
2-71 
1-93 


III. — Ethyl  tartrate 95-06  per  cent. 

Benzs?/naldoxime    2*47        „         \  a  q4 

Benzaw^ialdoxime  2-47    -,,        J 

a=l-2°. 

T  (minutes).        o^o"  (100  mm.).                a-x.  1000 /j. 

0                     +11-70°                        —  — 

50                         11-46                         0-96°  4-46 

115                        11-30                        0-80  3-52 

220                         11-16                         0-66  2-71 

320                        11-03                        0-53  2-55 

1395                        10-68                        0-18  1-36   ■ 

1525                         10-65                         0-15  1-36 

1660                         10-61                         0-11  1-43 

2800                         10-50                           —  — 

*  This  is  very  near  the  rotation  of  pure  ethyl  tartrate,  but  since  water  raises  the 

rotation  of  ethyl  tartrate,  the  presence  of  a  small  quantity  of  moisture  may  easily 
-escape  detection. 
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IV. — Ethyl  tartrate 95*10  percent. 

Benzst/waldoxime     0"98        ,,  \ 

a  =  0-54°. 


Benzawfzaldoxime   3*92  ' 


T  (miuutes).        a^o"  (100  mm.).  a-x.  1000  A;. 

0  +11-04°                         —                            — 

35  10-90  0-40°  8-57 

65  10-SO  0-30  9-04 

140  10-73  0-23  6-09 

1280  10-50                           —                            — 

V. — Ethyl  tartrate 95-02  per  cent. 

Benzantialdoxime    ...   4'98        ,, 
ar+ 10-50. 

The  values  for  the  initial  rotations  of  these  solutions  were  obtained 
by  graphic  extrapolation.  When  they  in  turn  are  plotted  relative 
to  concentration  they  are  found  to  lie  practically  on  a  straight  line,  so 
that  our  assumption  that  the  change  in  rotation  is  proportional  to  the 
concentration  of  the  synoxime  is  justified. 

The  first  of  these  solutions  ought  to  have  corresponded  exactly  with 
that  for  which  data  are  given  on  p.  512,  but  this  is  not  the  case. 
Both  the  initial  and  end  rotations  are  different,  and  k  is  considerably 
higher.  This,  as  has  been  remarked,  was  due  to  insufiicient  purifica- 
tion of  this  sample  of  ethyl  tartrate. 

The  values  of  k  ought  to  be  the  same  for  all  the  solutions,  and  that 
this  is  not  the  case  is,  we  think,  due  chiefly  to  the  fact  that  these 
mixtures  were  made  by  heating  the  constituents  together  in  a  small 
open  flask  in  a  warm-water  bath,  and  that  possibly  traces  of  moisture 
may  have  been  introduced  in  this  way  in  the  first  and  last.  The  first 
three  solutions  agree  fairly  well,  and  it  must  be  remembered  that  in 
the  last  the  total  change  was  small. 

Exjjeriments  with  Anisaldoxime. — It  seemed  next  of  interest  to 
ascertain  whether  the  behaviour  we  have  observed  with  the  benzald- 
oximes  was  a  specific  property  of  these  substances  or  whether  it 
applied  to  oximes  generally.  We  used  for  the  purpose  some  anis- 
sy/ialdoxime  prepared  by  Mr.  Andrew  Henderson,  M.A.,  B.Sc,  to 
whom  we  have  pleasure  in  expressing  our  thanks.  The  sywoxime 
used  was  recrystallised  in  small  quantities  from  warm  benzene.  It 
melted  at  125°. 
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Anis-synaldoxime  in  Ethyl  Tartrate. 
2) :  95-13.      Temperature  20°.     a  =  2-504^. 


T  (minutes). 

o'f  (100  mm.) 

0 

+  13-77° 

25 

13-533 

50 

13-343 

165 

12-563 

210 

12-383 

285 

12-088 

370 

11-863 

430 

11-749 

605 

n-499 

00 

11-266 

•267° 

■077 

•297 

•117 

•822 

•597 

•483 

•233 


1000  k. 

3^95 
3-72 
3^98 
3-84 
3-91 
3-87 
3^83 
3^92 


A  solution  of  concentration  similar  to  the  preceding  one,  but  made 
up  with  anis«wiialdoxime,  gave  a  rotation  at  20°  which  agrees  with 
the  end  rotation  of  the  syjioxime  solution. 

If  we  compare  the  values  of  k  found  for  this  solution  with  those 
already  given  for  a  ^^ :  95  solution  of  benzaldoxime,  we  find  that, 
while  the  velocity  of  change  is  somewhat  higher  and  the  total  change 
of  rotation  less,  the  constancy  of  k  is  much  better.  Quarter  change 
takes  place  in  about  seventy-five  minutes,  half  change  in  175  minutes, 
and  three-quarter  change  in  360  minutes. 

We  next  examined  anissj/naldoxime  in  a  mixed  solution  of  ethyl 
tartrate  and  isobutyl  alcohol,  and  also  in  a  solution  of  ethyl  tartrate 
and  benzene,  with  the  object  of  ascertaining  the  relative  influences  of 
tsobutyl  alcohol  and  benzene  on  the  velocity  of  the  intramolecular 
change. 

The  results  are  given  below  : 


Anis-synaldoxime,  Eihyl  Tartrate  and  iso£ittyl  Alcohol 

ositio) 
solution 


r^  ...         »/' isoButyl  alcohol     =  73^17  per  cent 

Composition  oi  I       ,    ,  •'  ^,  „^ 

^  ^  Ethyl  tartrate        =24-39 


I  Anis-s3/7ialdoxime  =    2-44    ,, 


Ratio 

E.T.       10 
Oxime"  1 

Temperature 

20=. 

rt  =  0-368°. 

T  (minutes). 

o2o°  (400  mm.). 

a-x. 

0 

+  6-778° 

— 

45 

6-726 

0^316° 

95 

6-686 

0^276 

210 

6-617 

0-207 

345 

6-534 

0^124 

2805 

6-410 

— 

CO 

6^410 

— 

;j:9-10  of 
oxime. 


1000  k. 

3^37 
3^02 
2-73 
3^15 
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Ards-syualdoxiiiie  Ethyl  2\irtraie  and  Benzene. 

f.  ■^.         e  r  Benzene  =  73-29  per  cent. 

CoLupoiition  or  I  .,                                             '■  „     „ 

solution        •    Kthyl  tartrate       =24-27    „        „  1     ;^:  9-135  of 

'  Anis-s?//taldoxime=    2-44    ,,       „  J         oxime. 

■u   ,.  E.T.       1005 

Katio .       = 

Oxime  1 

Temperature  20''.     «  =  3-667°, 

T  (minutes).        a'f  (400  mm.).  a-x.  10001-. 

0  8-980"  —  — 

50  7-713  2-400"  8-48 

105  6-794  1-481  8-63 

150  6-289  0-976  8-82 

200  5-988  0-675  8-46 

235  5-863  0-550  8-07 

270  5-713  0-400  8-21 

1310  5-313  —  — 

From  these  data  it  appears  that  the  change  in  rotation  in  the 
solution  containing  isobutyl  alcohol  is  compax'atively  slight.  The 
values  for  k,  however,  agree  fairly  closely  and  do  not  seem  to  diminish 
with  lapse  of  time. 

The  numbers  for  the  benzene  solution  are  most  striking.  The  total 
change  in  rotation  is  considerable,  3-667°,  the  velocity  of  change  is 
much  greater  than  in  tsobutyl  alcohol  or  in  undiluted  ethyl  tartrate 
and  the  values  for  k  show  a  very  fair  constancy. 

We  also  examined  a  solution  similiar  to  the  last  two,  but  containing 
chloroform  as  a  third  constituent.     The  result  was  as  follows  : 

Anis-syualdoxijiie,  Kthyl  Tartrate  and  Gldoroforia. 

n  ■.■         e  /"Chloroform  ==  73  24  per  cent. 

Composition  oi  t       ,                                           ^  ^  ,  ^     ^ 

\   ^.             -   Ethyl  tartrate       =24-31    „       „      1  «:9-16of 

solution             .                 ,,      .             o  ^K             "      I  ^      . 

I  Anis-S2/naldoxime=    2-45    „       ,,      J  oxime. 

Eatio '- = -. 

Oxime         1 

Temperature  20°.     «  =  0  - 1 5 . 

T  (minutes).        af  (400  mm. ).  a  -  x.  1000  k. 

0  -1-600°           —  — 

115  1-544  0-094°  4-06 

180  •    1-514  0-064  4-73 

265  1-450            —  — 

1300  1-450            —  — 

The  alteration  in  rotation  is  very  small,  and  this  is  probably  due  to 
the  great  depressing  influence  of  chloroform  on  the  rotation.      Chloro- 
VOL.   XCI.  M    M 
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form  has  so  great  an  influence  in  this  direction  that  it  might  be 
expected  that  a  small  proportion  of  another  substance,  even  if  ex- 
ceptionally powerful,  would  only  have  a  very  slight  effect.  It  is 
particularly  noticeable  that  whereas  in  all  cases  examined,  the  rota- 
tion is  raised  by  addition  of  si/noxime  and  gradually  falls,  in 
chloroform  the  depressed  rotation  is  raised  by  addition  of  si/7iox\me 
and  that  change  into  anii-oxhne  brings  about  a  further  rise  in 
rotation.  On  account  of  the  change  of  rotation  being  so  small  we  lay 
no  stress  on  the  values  of  the  constant  which  can  be  calculated  from 
the  I'otation  data,  although  we  have  included  the  numbers  in  the  table. 

Experiments  with  Ethyl  fm'myl2')lienylacetate. — In  order  to  ascertain  if 
this  method  was  applicable  also  to  other  types  of  intramolecular  change, 
we  obtained  some  of  each  of  the  two  forms  of  formylphenylacetic 
ethyl  ester  *  and  examined  solutions  of  these  in  ethyl  tartrate.  In 
mixtures  containing  5  per  cent,  of  the  acetic  ester  the  change  in 
rotation  was  very  slight.  We  therefore  prepared  a  p  :  60 "44  solu- 
tion of  the  solid  ((8  or  aldo)  form  in  ethyl  tartrate.  Heating 
was  necessary  to  bring  about  solution  and  on  cooling  to  20°  the  solid 
ester  crystallised  out.  We,  therefore,  determined  the  rotation  of 
this  mixture  at  several  higher  temperatures  in  order  to  obtain  the  value 
for  20°  by  extrapolation. 

The  following  are  the  data  : 

DO  I> 

58-6°  +4-77°  43-.')°  +4-69°  29-0°  4-4-58° 

The  value  at  20°  by  extrapolation  is  -f  4  53^,  but  we  found  that 
after  the  heating  necessary  in  these  experiments  the  acetic  ester  no 
longer  crystallised  out  on  cooling  and  the  rotation  could  be  determined 
even  at  11*5°  when  its  value  was  +4"44°  which  is  in  agreement  with 
the  numbers  given  above.  Since  the  acetic  ester  did  not  crystallise 
out,  it  is  apparent  that  change  had  taken  place  and  this  may  have 
been  accompanied  by  some  alteration  in  rotation,  but  this  was  pro- 
bably slight  since  the  value  found  at  11  5°  after  the  mixture  had  stood 
overnight  agreed  with  those  obtained  at  higher  temperatures. 

We  then  prepared  a  similar  solution  of  the  liquid  (a  or  enol)  form, 
which  is  the  less  stable,  and  were  able  to  observe  in  this  case  a 
distinct,  although  not  very  great,  change  at  20°.  The  results  were  as 
follows  : 

*  Our  thanks  are  due  to  Mr.  R.  Boyd  who  prepared  these  for  us. 


T  (minutes). 

a|o*(50mra.). 

0 

+  3-972° 

65 

4-066 

190 

4-149 

310 

4-199 

1390 

4-316 

1540 

4-349 

00 

4-396 
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Ethyl  Formylphenylacetate  {a-form)  in  Ethyl  Tartrate  ^:) :  59-90. 
Temperature  20°.     a  =0-424°. 

a-x.  1000^-. 

0-330°  3-84 

0-247  2-78 

0-197  2-47 

0-080  1-19 

0-047  1-42 

In  this  case  the  rotation  of  the  solution  increases  gradualh/  and 
by  nearly  one  degree  for  a  length  of  100  mm.  The  constant  obtained 
from  our  data  is  not  very  satisfactory,  diminishing  to  a  considerable 
extent  with  lapse  of  time.  Possibly  the  cause  may  be  the  same  as 
that  which  operates  in  the  case  of  benzs?/naldoxime  in  ethyl  tartrate. 
The  results  are  promising,  however,  and  indicate  that  we  have  in 
this  method  a  means  of  following  quantitatively  changes  that  have 
hitherto  only  been  suscejjtible  of  qualitative  examination.  The  method, 
we  think,  may  be  fairly  described  as  general,  inasmuch  as,  although 
it  may  fail  in  cei'tain  cases,  it  is  probable  that  some  active  compound 
may  always  be  found  the  rotation  of  which  will  alter  in  response  to 
intramolecular  change  in  an  inactive  substance. 

The  experiments  which  we  have  recorded  here  are  to  some  extent  of 
a  preliminary  character.  The  apparatus  which  we  have  used  was  not 
specially  designed  for  the  purpose  and  we  intend  with  moi-e  suitable 
and  more  delicate  appliances  to  extend  this  investigation  in  some  of  the 
many  directions  that  readily  suggest  themselves — to  the  influence  of 
various  media  on  velocity  of  transformation,  to  the  use  of  other  active 
substances  as  media,  and  to  the  investigation  of  various  examples  of 
tautomeric  change. 

The  University, 
Glasgow. 


LI. — Cam2)hor-/3-sulphi7tic  Acid  and  Camphoryl- 

sidphonium  Bases. 

By  Samuel  Smiles  and  Thomas  P.  Hilditch. 

In  a  previous  communication  to  the  Society  one  of  the  present  authors 
and  Le  Rossignol  showed  (Trans.,  1906,  89,  696)  that  aromatic 
sulphinic  acids  may  be  converted  to  salts  of   sulphonium  bases  by 
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condensation  with  phenolic  ethers  in  accordance  with  the  following 
equation  : 

Ar-SOgH  +  2Ar-0Et  =  Ar(  Ar-0Et)2S-0H  +  Uf>. 

The  following  experiments  have  been  carried  out  with  the  object 
of  testing  whether  this  reaction  is  phown  by  sulphinic  acids  other 
than  those  of  the  aromatic  series.  On  account  of  the  rather  indefinite 
character  of  the  purely  fatty  sulphinic  acids  we  have  employed  the 
hydroaromatic  camphorylsulphinic  acid,  which  may  easily  be  prepared 
by  the  reduction  of  camphorsulphonic  chloride. 

The  reduction  of  the  chloride  of  Reychler's  camphorsulphonic  acid 
has  already  been  studied  by  Lowry  and  Donuington  (Trans.,  1903,83, 
479),  who  employed  tin  or  zinc  in  acid  aqueous  media,  and  thus 
obtained  the  corresponding  mercaptan.  We  have  found,  however, 
that  if  zinc  dust  in  alcoholic  suspension  is  employed,  a  good  yield  of 
the  zinc  salt  of  camphorylsulphinic  acid  is  obtained.  The  essential 
conditions  to  be  observed  in  this  reaction  are  the  dryness  of  the 
material  and  the  purity  of  the  zinc  dust  employed,  otherwise  the 
yield  of  the  zinc  sulphinate  is  small.  The  zinc  salt  of  camphorsulphinic 
acid  is  distinguished  by  the  great  difference  in  solubility  which  it 
possesses  in  cold  and  in  hot  water  ;  it  dissolves  with  great  ease  in  the 
cold  medium,  and  if  such  s')lutions  are  heated  the  salt  separates  almost 
completely  in  the  anhydrous  state. 

The  method  we  have  employed  for  the  condensation  of  camphor- 
sulphinic acid  with  phenolic  ethers  is  identical  with  that  already 
described  (loc.  cit.)  in  the  case  of  aromatic  sulphinic  acids ;  it  is 
advantageous,  however,  to  use  the  zinc  salt  in  place  of  the  free  acid, 
which  is  somewhat  difficult  to  obtain  in  a  state  of  puinty.  When 
anisole  or  phenetole  is  added  to  a  cold  solution  of  zinc  camphor-/?- 
sulphinate  in  concentrated  sulphuric  acid  the  liquid  assumes  a  blue 
colour  owing  to  the  formation  of  the  sulphoxide.  We  have  not 
isolated  these  sulphoxides  but  have  converted  them  into  the 
sulphonium  bases  by  adding  excess  of  phenolic  ether  to  the  blue 
solutions  mentioned  above.  The  sulphates  of  the  sulphonium  bases 
which  are  formed  in  these  reactions  have  not  been  obtained 
crystalline  ;  for  identification  and  analysis  they  were  converted  into 
platinichlorides  and  dichromates.  In  the  following  table  a  comparison 
13  given  between  the  rotatory  power  of  the  sulphinic  acid  and  that  of 
the  sul  phonic  acid  from  which  it  was  prepared  : 

Molecular  Rotations  in  Aqueous  Solution. 

Acid.         Sodium  salt.      Zinc  salt. 

Camphor-/3-sulphonic  acid +48  +45-7  +71 

Camphor-/3-sulphinic  acid -157  -138  -  33G 
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It  seemed  remarkable  that  such  a  large  change  in  rotatory  power 
should  be  caused  merely  by  the  change  of  the  sulphonic  to  the 
sulphinic  group.  With  the  object  oF  ascertaining  whether  the 
camphor  complex  remains  unaltei'ed  on  passing  from  the  sulphonic  to 
the  sulphinic  acid,  we  Jiave  examined  the  behaviour  of  the  latter  on 
oxidation.  Acidified  aqueous  solutions  of  the  zinc  salt  of  camplior-/?- 
sulphinic  acid  are  readily  oxidised  by  cold  dilute  aqueous  permangannte. 
The  course  of  the  reaction  can  be  followed  by  titration  in  the  usual 
manner,  and  it  was  found  that  ono  molecule  of  the  zinc  salt  requires 
almost  the  amount  theoretically  required  for  the  oxidation  of  the 
sulpliiiuc  acid  to  the  sul[)honic  acid.  Further  investigation  showed, 
however,  that  only  about  80 — 90  per  cent,  of  the  sulphinic  acid  is 
oxidised  to  the  original  camphorsulphonic  acid,  whilst  the  remaining 
10 — 20  per  cent,  is  converted  into  an  insoluble  substance.  From  its 
analysis,  molecular  weight,  and  other  properties,  this  substance  is 
evidently  the  a-disulphone,  CjoHjr.O'SOg'SOg'CjoHj-O,  which  is  pro- 
duced by  the  simultaneous  oxidation  of  2  molecules  of  the  sulphonic 
acid,  thus  : 

2CioHioO-S02H  +  0  =  C20W30O6S2  +  HgO. 

It  is  attacked  slowly  by  cold  aqueous  solutions  of  alkali  hydroxide, 
but  more  rapidly  by  the  hot  x'eagent,  yielding  a  mixture  of  the  alkali 
salts  of  camphor-/3-sulphonic  and  -sulphinic  acids,  thus  : 

Kohler  and  Macdonald  (/.  Amer.  Chern.  Soc,  1900,  22,  224)  have 
already  obtained  the  aromatic  a-(lisulphones  by  the  action  of  sulphonic 
chlorides  on  the  sodium  salts  of  aromatic  sulphonic  acids. 

The  interaction  of  aqueous  ammonia  and  camphor-adisulphone 
yields  the  anhydramide  of  camphor-j8-sulphonic  acid,  prepared  by 
Armstrong  and  Lowry  from  the  chloride  of  that  acid  (Trans.,  1902, 
81,  1448).  Experiments  have  also  been  made  in  the  oxidation  of  the 
sulphinic  acid  in  alkaline  solution,  and  the  results  have  shown  that 
camphor-/?  sulphonic  acid  is  the  sole  product. 

It  may  therefore  be  concliidfd  that  no  profound  difference  in  struc- 
ture exists  between  the  hydrocarbon  nuclei  in  camphorsulphonic  and 
camphorsulphinic  acids  ;  indeed,  the  method  of  preparation  of  the 
latter  scarcely  leaves  room  for  doubt  on  this  question.  There  is 
another  circumstance  which  might  account  for  the  abnormal  rotatory 
power  of  camphorsulphinic  acid,  namely,  the  presence  in  the  latter 
substance  of  the  enolic  structure  ;  but  as  yet  we  have  not  been  able  to 
find  reason  for  supposing  that  such  is  the  case,  and  hence  for  the 
present  we  incline  to  the  view  that  the  large  change  in  rotation  in 
passing  from  the  sulphonic  to  the  sulphinic  acid  is  due  merely  to  the 
change  of  sulphur  from  the  sexavalent  to  the  quadrivalent  state.     At 
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the  same  time  it  is  worthy  of  notice  that  Lowry  and  Donnington 
(loc.  cit.)  found  the  corresponding  mercaptan,  camphor-/8-thiol,  to 
possess  a  dextrorotatory  power. 


Experimental. 

Camphor- P-sulphonic  Chloride. — We  have  found  it  most  convenient 
to  prepare  this  substance  by  the  action  of  thionyl  chloride  on  the 
sulphonic  acid  ;  this  method  gives  better  yields  and  occupies  less  time 
than  the  older  plan  of  treating  the  ammonium  salt  with  phosphorus 
pentachloride.  Camphor-j8-sulphonic  acid  is  mixed  with  excess  of 
thionyl  chloride,  and  the  liquid  mass  heated  on  the  water-bath  until 
the  reaction  is  over.  The  mixture  is  then  poured  into  water  and 
treated  in  the  usual  way.  The  yield  of  sulphonic  chloride  is  almost 
theoretical.  The  product  melts  at  67 — 68°,  and  gives  [a]u  +30-0°, 
when  ^=22°  and  c  =  9-998  and  ^=1  dcm. 

C amphor- l^-sulphinic  Acid. — The  zinc  salt  of  this  acid  was  prepared 
by  the  action  of  zinc  dust  on  the  above  chloride.  The  zinc  dust  employed 
was  obtained  by  treating  the  ordinary  material  with  a  strongly 
ammoniacal  solution  of  ammonium  chloride  ;  it  was  then  filtered  and 
well  washed,  firstly  with  dilute  spirit,  and  finally  with  absolute  alcohol 
under  which  it  was  stored. 

To  prepare  the  zinc  camphorsulphinate,  20  grams  of  carefully  dried 
camphor-y8-sulphouic  chloride  are  added  in  portions  to  excess  of  zinc 
dust  suspended  in  about  200  c.c.  of  absolute  alcohol.  After 
each  addition  of  the  chloride,  the  temperature  of  the  mixture 
rises  rapidly,  and  care  should  be  taken  to  allow  the  reaction  to  subside 
before  adding  a  fresh  portion.  When  all  the  chloride  has  been  added 
the  mixture  is  set  aside  for  about  two  hours  and  then  filtered.  The 
bulk  of  the  alcohol  is  distilled  fi-om  the  filtrate,  and  the  residue  is 
mixed  with  cold  water  and  again  filtered,  this  time  through  a  wet 
filter  paper  to  get  rid  of  a  viscous  oil  which  separates.  The  zinc  dust 
which  is  left  behind  at  the  first  filtration  is  also  extracted  with  cold 
water,  and  finally  the  united  aqueous^filtrates  are  warmed  on  the  water- 
bath.  If  too  much  water  has  not  been  used,  the  zinc  salt  crystallises 
from  the  hot  liquid  ;  on  the  other  hand,  some  evapox'ation  may  be 
necessary  before  separation  occurs.  The  yield  is  usually  10  grams,  or 
about  47  per  cent,  of  the  theoretical,  but  in  some  experiments  it  was 
as  high  as  70  per  cent. 

Zinc  camphor-jS-sulphinate  is  very  readily  soluble  in  cold  water  and 
sparingly  so  in  the  hot  medium ;  when  cold  aqueous  solutions  are 
warmed,  the  salt  separates  in  clusters  of  long  needles  which  do  not 
contain  water  of  crystallisation.  The  recrystallised  salt  was  dried  in 
a  vacuum  and  analysed,  with  the  following  results : 
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1-5090  gave  0-2417  ZqO.     Za=12-87. 

0-2253     „     0-3981  C0._,  and  0-1332  HoO;  0  =  48-19  j  H  =  657. 

0-2190     „     0-2072  BaSO^.     8  =  12-99"! 
C^oHgoOgSoZn   requires  Za  =  13-13;    0  =  48-48;    H  =  6-67;    8  =  12-93 

per  cent. 

Investigation  of  the  rotatory  power  of  the  substance  yielded  the 
following  data.  In  aqueous  solution,  a^  was  found  to'  be  -5-46° 
.when  c  =  4-000,  1^=19'^,  and/  =  2  dcm.  ;  hence  [a j^  -68-25=^  and 
[JM]d  -  337-8°  ;  a^  was  -  2-74=  when  c  =  2-000,  r=  19°,  and  I  =  2  dcm.  ; 
hence  [ajo  -  68-5°  and  [M]o  -338-8°;  a^  was  -1-36  whenc  =  l-000, 
7'=U9°,  and  ?  =  2  dcm.  ;  hence  [a\,  -  68-0  and  [MJ^  -336-6°. 

I:"'or  comparison  with  the  above,  a  specimen  of  zinc  camphor-/3-sul- 
phiiiate  was  examined  in  aqueous  solution  : 

a„  +0-61°  when  c  =  2-001,  r=19°,  and  ^  =  2  dcm.,  whence 
[ajo  +15-24°  and  [M]^  +80-3°;  and  a^  +0-27°,  when  c  =  l-0008, 
T=lS-°,    and    ^  =  2    dcm.,  whence    [a]i,  +13-5°    and    [Mj^,  +71-1°. 

The  acid  may  be  prepared  by  acidifying  with  dilute  sulphuric  acid  an 
aqueous  i>olution  of  the  zinc  salt ;  the  precipitated  oil  is  then  extracted 
with  ether.  After  drying  the  ethereal  solution  with  anhydrous  sodium 
sulphate  the  ether  is  removed  by  distillation.  The  oily  residue,  when 
set  aside  in  \  vacuum  for  some  hours,  solidifies  to  a  colourless  mass  of 
needles. 

Camphor- fi-sulphinic  acid  crystallises  in  feathery  needles  which  melt 
at  63 — 64°,  and  are  readily  soluble  in  cold  water,  alcohol,  and  ether. 

Analysis  of  the  substance  gave  the  following  results  : 

0-1936  gave  0-3915  00^  and  0-1297  H^O.     0  =  55-15;  H  =  7-44. 
0^511^^038  requires  0  =  55-56  ;   H  =  7*40  per  cent. 

The  acid  was  also  examined  in  the  polariscope,  with  the  following 
result : 

ay- 2-34°  when c=  1-606,  r=  19°,  and  Z  =  2  dcm.,  hence [a]i,- 72-7° 
and[M]D    -157-2°. 

Sodium  camjyhor-P-sulphinate  was  prepared  by  exactly  neutralising 
a  solution  of  the  free  acid  with  pure  sodium  hydroxide.  The  solution 
was  evaporated  on  the  water-bath,  and  the  crystalline  mass,  after 
being  freed  from  mother  liquor  by  filtration,  was  dried  on  a  porous 
tile.  This  salt  forms  colourless  prisms  which  are  very  soluble  in  cold 
water  and  alcohol. 

0-4630  gave  0-1262  Na2S04.     Na  =  8-85. 

OjQHj5038Na,H20  requires  Na  =  8-98  per  cent. 

The  rotatory  power  of  the  substance  was  also  investigated,  when  it 
was  found  that  in  aqueous  solution  a^  —1-03°  when  c  =  0-885 
(anhydrous  substance),  T=  19°,  and  ^  =  2  dcm.  ;  hence  [a]u  -  58-2°  and 
[M]d  -138-5°. 


524  SMILES   AND   HILDITCH  :   CAMPH0R-/8-SULPHINIC 

For  comparison  with  this  an  aqueous  solution  of  sodium  camphor-^- 
sulphonate  was  examined  : 

aiy  +0-72°  when  c-2-00°;  T^.2S";  and  1  =  2  dcm.,  whence  [a]o 
+  18-0°,  and  [M]u  +45-7°. 

Silver  camphor-fi-sulphinate  forms  colourless  prisms  which  are  soluble 
in  water;  it  also  reacts  readily  with  methyl  iodide,  forming  colourless 
oils  evidently  sulphones,  but  these  were  not  closely  investigated. 

The  sulphinic  acid  reacts  readily  with  nitrous  acid,  yielding  a  well- 
defined  substance  which  crystallises  in  blunt,  coloui'less  prisms  ol 
melting  point  137 — 138°.  This  substance,  however,  is  not  of  the 
type  (RS02)2N'OH  normally  produced  from  a  sulphinic  acid  and 
nitrous  acid,  as  will  be  readily  seen  from  the  following  analytical 
results  : 

0-1647  gave  0-3478  COg  and  0-1073  H,0.     0  =  57-5;  H-7-2.  . 

0-1429     „     0-3015  CO2     „    0-0974  HgO.     C  =  57-5 ;  H  =  7-5. 

0-1655     „     0-1300  BaS04.     S=  10-77. 

C20H31O7NS2  requires  C  =  52-0  ;  H  =  6-7  ;  S  -  13-9  per  ceftt. 

We  have  not  further  investigated  the  nature  of  this  substance. 

Oxidation  0/ Cam2jhor-(3-sulphinic  Acid. — An  acidified  aqueous  solu- 
tion of  zinc  camphor-/3-sulphinate  is  readily  oxidised  by  diluty  potassium 
permanganate  at  the  ordinary  temperature.  The  reaction  was  first 
ihvestigated  quantitatively.  A  solution  of  the  zinc  salt  was  acidified 
with  dilute  sulphuric  acid  and  then  titrated  with  JV/IO  per- 
manganate : 

0-2498  zinc  salt  required  19-1  c.c.  iV^/10  KMnO^, 
0-6633    „      „         „         48-9    „       „ 

whence  1  gram-molecule  of  zinc  salt  requires  30-3  and  29-2  grams  of 
oxygen. 

CgoHgoOgSgZn    requires    32    grams    of    oxygen    for    conversion    into 

sulphonate. 

According  to  these  experiments  the  oxygen  used  by  the  zinc  salt 
is  rather  less  than  that  required  by  theory  for  the  complete  con- 
version of  sulphinic  acid  to  the  sulphonic  acid,  and  this  discrepancy 
is  due  to  the  formation  of  the  a-disulphone  from  two  molecules  of 
sulphinic  acid  by  the  action  of  one  atom  of  oxygen. 

The  oxidation  was  then  carried  out  with  a  larger  quantity  of 
material.  The  zinc  salt  was  dissolved  in  water  and  acidified  with 
dilute  sulphuric  acid  as  before.  Excess  of  aqueous  potassium 
permanganate  was  then  gradually  poured  in  while  the  mixtui-e  was 
well  stirred.  When  all  the  permanganate  had  been  added  the 
solution  was  set  aside  a  short  time  and  then  treated  with  sulphurous 
acid  to  decompose  the  excess  of  permanganate  and  to  remove  oxides 


ACID    AND    CAMPHORYLSULPHONIUM    BASES.  525 

of    manganese    from  the  precipitate.     The  colourless  crystalline  pre- 
cipitate was  then  collected  by  the  aid  of  the  pump. 

The  Soluble  Portion  of  the  Oxidation  Product. — The  solution  was 
made  alkaline  with  ammonia  and  the  precipitated  oxides  of  manganese 
removed  by  renewed  filtration.  The  liquid  was  then  evaporated  to 
dryness  on  the  watei'-bath  and  the  residue  broken  up  before  being 
thoroughly  dried. 

This  was  mixed  with  a  large  excess  of  thionyl  chloride  and  when 
the  violent  reaction  had  subsided  the  mixtui-e  was  warmed  on  the 
water-bath  for  half  an  hour.  The  liquid  mass  was  then  decomposed 
with  ice  and  the  acid  chloride  which  separated  was  filtered  and 
finally  crystallised  from  light  petroleum.  The  product  crystallised 
in  leaflets  which  melted  at  68°  and  when  examined  in  the  polariscope 
gave  the  following  figures:  A  chloroform  solution  gave  aj^  -f2'97° 
when  c=  10-023;  2'=  24°;  and  l=\  dcm.;  whence  [ajo    -I- 30-4°. 

The  substance  is  therefore  the  chloride  of  camphor-/3-sulphonic 
acid.  Armstrong  and  Lowry  (Trans.,  1902,  81,  1447)  give  the 
melting  point  of  this  substance  as  67 — 68°  and  [ajfg  -l-3ri°. 
Hence  the  soluble  portion  of  the  oxidation  product  is  camphor-y8- 
sulphonic  acid. 

The  Insoluble  Portion  of  the  Oxidation  Product.  A-Camjilioryl-a- 
disulphone. — The  insoluble  product  of  oxidation  was  recrystallised 
from  hot  alcohol,  from  which  it  separated  in  colourless  prisms.  These 
melt  at  138°  and  are  insoluble  in  cold  water,  sparingly  so  in  cold 
alcohol,  and  readily  so  in  chloroform,  benzene,  or  glacial  acetic  acid  : 

0-2074  gave  0-4202  CO2  and  0-1287  H.p.     0  =  55-74;  H  =  6-89. 

0-1689     „     0-1892  BaSO^.     S  =  15-38. 

C^oHgoOgSo  requires  C  =  55-81  ;  H  =  6-97  ;  S=  14-88  per  cent. 

A  solution  of  the  substance  in  chloroform  was  examined  in  the 
polariscope  and  a^  -f0-62°  when  c  =  2  028;  I'=22°;  and  ^=dcm.; 
hence  [aj^  -f  30-6°  and  [M]d  +  131-6°. 

Cryoscopic  determinations  of  the  molecular  weight  gave  the  follow- 
ing results  : 

In  glacial  acetic  acid  : 

0-2300  di.-solved  in  14--i0  acetic  acid  gave  A  =^0-134°;  whence 
mol.  wt.  =  441. 

In  benzene  : 

0-2163  in  14-01  solvent  gave  A--=0'185°;  whence  mol.  wt.  =  409. 
CooH3QOgS2  requires  molecular  weight  =  430. 

The  crude  material  dissolves  in  a  mixture  of  sulphuric  acid  and 
phenetole,  giving  a  blue  colour  ;  this  is  no  doubt  due  to  tho  presence 
of  traces  of  the  sulphinic  acid.  The  pui'e  substance  does  not  show 
this  reaction. 

VOL.   XCI.  N    N 
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Boiling  water  attacks  camplior-a-Jisulplione  very  slowly,  and 
after  prolonged  action  shows  a  faintly  acid  reaction  to  litmus. 
The  substance  is  sparingly  soluble  in  cold  alkali  hydroxide,  but 
dissolves  more  readily  in  the  warm  reagent,  forming  the  alkali  salts 
of  camphorsulplionic  and  sulphinic  acids.  Thus  a  sample  of  the 
disulphone  was  warmed  on  the  water-bath  with  a  dilute  solution  of 
pure  sodium  hydroxide  until  all  had  dissalved.  The  .solution  was 
then  acidified  with  dilute  sulphuric  acid  and  extracted  with  ether. 
The  aqueous  portion,  after  being  neutralised,  was  evaporated  to 
dryness  and  the  residue  ex'.racte  1  with  absolute  ale  )hol.  Tliis  was 
filtered  and  the  filtrate  evaporated  to  crystallisation.  The  product 
was  examined  in  the  polariscope,  and  in  aqueous  solution  the 
following  numbers  were  obtained:  oc +  015°  when  c  =  0  868  ;  1  = 
1  dcm,  ;  and  ^=22°;  whence  [aj^  +17-28  and  [M]  (calculated 
for  sodium  camphor  sulphonate)  +43"9°.  The  specific  rotation  of 
sodium  f^camphorsulphonate  was  found  (p.  524)  to  be  +180°  and 
[M]d  +45-7°. 

The  ethereal  extract  from  the  acidified  solution  was  evaporated  and 
the  residue,  after  being  purifioJ,  melted  at  62 — 63°  and  gave  the 
characteristic  reaction  of  a  sulphinic  acid  with  phenetole  and  con- 
centrated sulphuric  acid. 

The  disulphone  is  also  attacked  by  ammonia,  yielding  the  anhydr- 
amide  of  camphor-^-sulphonic  acid.  Camphor-a-disulphone  was 
warmed  on  the  water-bath  with  strong  aqueous  ammonia  for  half  an 
hour.  The  solution  was  then  cooled  and  the  crystalline  precipitate  was 
then  collected  and  purified  by  reci'ystallisation  from  hot  alcohol.  It 
melted  at  223°.  A  sample  of  camphor-yS-sulphonic  anhydramide  pre- 
pared according  to  Armstrong  and  Lowry's  method  (Trans.,  1902,  8, 
1448)  melted  at  the  same  temperature  and  a  mixture  of  the  substances 
from  the  two  sources  also  showed  the  same  melting  point. 

Roughly,  quantitative  experiments  on  the  oxidation  of  the  zinc 
sulphinate  by  the  foregoing  method  showed  that  about  12  per  cent,  of 
the  sulphinic  acid  is  converted  to  sulphone  and  the  remaining  88  per 
cent,  to  the  sulphonic  acid.  The  oxidation  was  also  carried  out  in 
glacial  acetic  acid  solution,  when  it  was  found  that  the  amount  converted 
to  sulphone  was  rather  higher,  being  about  18  per  cent,  of  the  original 
sulphinic  acid.  If  the  oxidation  is  carried  out  in  alkaline  solution  no 
disulphone  is  formed. 

Condensation  of  Campho7--li- sulphinic  Acid  with  Anisole  and  Pliene- 
tole.  Campho)'i/ldianisi/lsuIj)honiuni. — Anisole  was  added  gradually  to  a 
cold  solution  of  zinc  camporsulphinate  in  concentrated  sulphuric  acid. 
Immediately  on  adding  the  first  portion  of  anisole  the  liquid  assumed 
a  deep  blue  colour,  which  disappeared  as  soon  as  excess  of  the  phenolic 
other  was  present  and  the  whole  of  the  sulphinic  acid   had    been  con- 
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verfced  to  the  sulphoniuin  base.  After  the  mixture  had  been  poured 
into  a  relatively  large  balk  of  water  the  excess  of  anisole  Wds  removed 
by  shaking  with  ether.  At  this  stage  alcohol  was  added  to  the  aqueous 
layer  to  dissolve  a  small  quantity  of  sulphonium  sulphate  which  had 
separated  as  an  oil.  The  solution  was  then  treated  with  excess  of 
barium  hydroxide  to  remove  the  large  excess  of  sulphuric  acid,  and  the 
filti-ate  from  the  barium  sulphate  was  saturated  with  carbon  dioxide  to 
remove  barium  and  zinc.  The  carbonates  of  barium  and  zinc  were 
then  filtered  and  the  liquid,  which  now  contained  the  base  as  carbonate, 
was  acidified  with  hydrochloric  acid  and  precipitated  with  platinic 
chloride.  In  this  way  camjihoryldiayiisi/lsulphonium  platinichloride\\dii 
obtained  as  a  buff-coloured,  insoluble  precipitate.  It  was, purified  by 
precipitation  with  water  from  solution  in  acetone.  After  being  dried 
in  the  steam  oven  the  substance  melted  at  166°  with  profound 
decomposition  : 

0-1883  gave  0-0301  Pt.     Pt  =  15-99. 

0-1603     „     0  2806  CO.^  and  0*0707  H,0.     C  =  47-74 ;  H  =  4-90. 
(Co4H2903ClS),,PlCI^  requires  C  =  47-92  ;  H  =  4-83  ;  Pt  =  16-22  percent. 

The  rotatory  power  of  the  substance  was  investigated.  It  was  found 
that  a  solution  in  epichlorohydrin  gave  :  an  -1*04°,  when  c  =  2-009, 
T=22°and  Z=l  dcm.  ;   hence  [ajr,   -  51-8°  and  [M]d   -627-8°. 

The  dichromale  of  camphoryldiauisylsulplionium  was  obtained  as  a 
yellow,  flocculent  precipitate  by  adding  an  aqueous  solution  of  the 
sulphate  to  an  acid  solution  of  potassium  chromate.  The  precipitate 
was  filtered  and  purified  by  redissolviug  in  acetone  and  pouring  this 
solution  into  concentrated  aqueous  potassium  dichromate.  The 
substance,  when  pure,  forms  an  orange  coloured,  amorphous  powder 
which  melts  with  decomposition  at  110°  and  is  insoluble  in  water, 
sparingly  soluble  in  alcoLiol  and  extremely  so  in  acetone  or  epichloro- 
hydrin : 

0-2460  yielded  on  ignition  0-0381  Cr^Og.     Cr=  10  60. 

(C24^29^3^)2'^'^'2^7  re<iuires  Cr=  10-30  per  cent. 

Camphoryldvphenetylsulphonium. — The  platinichloride  of  the  base 
was  obtained  by  a  method  precisely  similar  to  that  given  above  for  the 
anisyl  derivative, 

Cainiphoryldiphenetylsulplionium  'platinichloride  is  a  vex'y  light  brown, 
crystalline  powder  which  melts  at  152°  and  is  insoluble  in  water  but 
very  soluble  in  epichlorohydrin  : 

0-1570  gave  0-2848  CO.,  and  00754  H2O .     C  =  49-48  ;  H  =  5-34. 

0-1803     „     00278  Pt."   Pt=  15-42. 

0-2288     „     0-0357  Pt.     Pt=  15-60. 
(C26H3303ClS)2,PtCl4  requires  Pt  =  15-5  ;  C  =  49-60  ;  H  ^  5-25  per  cent. 

N   N    2 
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When  tliis  substance  was  examined  in  the  polariscope  in  epichloro- 
hydrin  solution  :  a^  -M6°  when  c  =  2-023,  7'=28°  and  ^=1  dcm.  ; 
hence  [a]u  -  57-3°  and  [MJ^  -726°. 

The  dichromate  of  the  base  forms  an  unstable,  orange  powder  which 
melts  with  decomposition  at  114°: 

0-1892  gave  0-0277  CrgOg.     Cr=  10-02. 

(C2fiH3303S)2,Cr^07  requires  Cr=9-76  per  cent. 

In  conclusion,  we  desire  to  express  our  most  hearty  thanks  to 
Professor  Collie  for  the  interest  he  has  taken  in  the  above  experiments. 

The  Organic  Chemistry  Laboratory, 

University  College, 

London. 


LII. — Derivatives  of  Multivalent  Iodine.  Part  III. 
The  Action  of  Heat  on  lodohenzene  Dichloride,  and 
on  the  m-  and'p-iVitro-  and  ])-Chloro-derivatives. 

By  William  Caldwell  and  E.uil  Alphonse  Werner. 

In  his  original  paper  on  the  preparation  of  iodobenzene  dichloride 
{J.  pr.  Chem.,  1886,  [ii],  33,  154)  Willgerodt  states  that  the  compound 
decomposes  at  115 — 120°  with  evolution  of  all  the  chlorine  in  the  free 
state,  leaving  iodobenzene.  The  same  change,  he  states,  takes  place 
when  the  substance  is  kept  over  sulphuric  acid. 

Later  [Ber.,  18'J3,  25,  3494)  he  remarks  that  the  dichloride,  when 
exposed  to  iLoist  air,  decomposes  with  evolution  of  hydrogen  chloride. 
More  recently  {Ber.,  1898,  31,  1136)  F.  Keppler  has  shown  that  the 
compound  when  kept  in  sealed  tubes,  even  in  the  dark,  decomposes 
with  formation  of  /?-chloroiodobenzene. 

The  results  which  we  have  obtained  from  a  study  of  the  action  of 
heat  on  the  three  isomeric  iodotoluene  dichloiides  have  induced  us  to 
re-examine  the  behaviour  of  the  iodobenzene  derivative. 

We  find  that  the  dichloride,  when  heated,  undergoes  sudden  decom- 
position at  temperatures  varying  from  110 — 136°,  according  to  the 
rate  of  heating,  and  the  main  change  takes  place  in  accordance  with 
the  equation  :      , 

CgH^-ICl.,  =  C^H4C1I(1  :  4)  +  HCl. 

The  amount  of  chlorine  evolved  in  the  free  state  does  not  exceed 
27  per  cent,  of  the  theoretical.     Rapid  heating  favours  the  formation 
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of    jtj-chloroiodobenzene,     which    is    the    sole    substitution   derivative 
produced. 

When  iodobenzene  dichloride  is  kept  in  a  closed  ve.ssel  or  over 
sulphuric  acid,  no  chlorine  is  evolved  in  the  free  state.  It  has  already- 
been  shown  (Werner,  Trans.,  1906,  89,  1632)  that  o-iodonitrobenzene 
dichloride  when  heated  loses  all  its  chlorine  in  the  free  state,  and  this 
we  fiud  is  also  true  in  the  case  of  the  ^-derivative ;  ??i-iodonitro- 
benzene  dichloride,  on  the  other  hand,  decomposes  at  103°  with 
formation  of  a  substitution  product  to  the  extent  of  27  to  28  per  cent, 
of  the  theoretical.  ^-Chloroiodobenzene  forms  a  dichloride  which 
decomposes  at  112^,  a  substitution  derivative  being  formed  in  this  case 
also  to  the  extent  of  about  27  per  cent,  of  the  theoretical.  Thus, 
whilst  the  nitro-group  in  o-  and  ^-positions  completely  prevents  the 
formation  of  a  substitution  product,  its  presence  in  the  ??«-position  has 
the  same  inhibiting  effect  as  the  chlorine  atom  in  the  7>position. 

EXPEUIMENTAL. 

Action  of  Heat  on  Iodobenzene  Bichloride,  Cj,H.'IC]o — The  results  of 
two  experiments  in  which  2  grams  of  this  substance  were  heated  in 
the  manner  described  in  our  previous  paper  are  as  follows  : 


Sudden 

decom- 

Per-       Percentage 

position 

centage  of       of  the 

First  traces  of 

Cl  +  HCl 

Free  CI      theoretical 

CI  evolved. 

evolved. 

evolved.       for  CI.,. 

Experiment  I. 

Heated  slowly...       102° 

124° 

6-97             27-0" 

„     n. 

,,      rapidly..         87° 

1.36—137° 

5-99            2.3-2 

The  numbers  in  the  last  column  represent  the  percentage  decom- 
position in  accordance  with  the  equation  : 

CcH--ICl,  =  CgH-I-fCl2, 
proving  that  a  large  proportion  of  a  substitution  product  is  formed. 

In  order  to  examine  the  products  of  decomposition,  112  grams  of 
iodobenzene  dichloride  were  decomposed  by  heat.  The  liquid  product 
obtained  was  shaken  with  potassium  hydroxide  solution  and  finally 
dried  over  the  solid  hydrox'de.  It  weighed  90  grams,  and  after  several 
distillations  was  ultima "-ely  separated  into  four  fractions. 

Fractions  I,  180 — 195°,  and  If,  195 — 210°,  consisted  of  iodobenzene, 
26  and  21  grams  respectively. 

Fraction  III,  210—225°,  consisted  of  a  mixture  in  equal  proportions 
of  iodobenzene  and  chloroiodobenzene,  7  grams. 

Fraction  IV,  225 — 236°,  solidified  on  cooling  to  a  crystalline  mass, 
and  was /)-chbroioJobenzene,  m.  p.  55  5°,  20  grams. 

The  composition  of  fractions  II  and  I  LI  was  determined  by  chlorina- 
tion  and  subsequent  analyses   of  the  dichlorides.     Allowing  for  the 
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loss  accompanying  the  distillations,  the  proportion  of  /j-chloroiodo- 
benzene  produced  was  much  less  than  when  small  quantities  of  the 
iodobenzene  dichloride  were  decomposed. 

Action  of  Chlorine  on  -p-Chloroiodobenzene. — Twelve  grams  of 
2?-chloroiodobenzene  were  dissolved  in  chloroform,  and  chlorine  was 
passed  into  the  cold  solution.  There  was  no  liberation  of  iodine.  The 
dichloride  separated  in  pale  yellow,  microcryi-talline  needles.  Tt  was 
filtered  by  the  aid  of  the  pump,  washed  with  chloroform,  and  dried 
in  the  air.     Ten  grams  were  obtained. 

0  5  gave,  on  trituration  with  potassium  iodide  solution, 
CI,  0-1 1733  =  2.3-46. 
C^H^CMClg  requires  CI  =  22-91  per  cent. 

Action  of  Heat  on  ^-Chloroiodohenzene  Dichloride,  C,jH^Cl'ICl,. — Two 
grams  were  heated  in  the  manner  already  described.     At  83°  the  first 
trace  of  chlorine  was  evolved,  and  at  112°  decomposition  took  place 
with  effervescence,  some  hydrogen  chloride  being  evolved. 
CI  evolved,  0-33145  =  1657  per  cent. 

This  corresponds  to  72*32  per  cent,  of  the  theoretical  decomposition 
in  accordance  with  the  equation  : 

C,;H/JMCl2  =  CgH^ClI  +  Clo. 

A  substitution  product  is  foi'mcd  to  the  extent  of  27  to  28  per  cent, 
of  the  theoretical. 

Action  of  Heat  on  \n- lo lonitrohenzene  Dichloride,  N02"C^l-r^'ICl.,. — 
The  7Hiodonitrobenzene  was  puiified  by  distillation  in  steam.  It  was 
obtained  in  pale  yellow  crystals  melting  at  38-5°.*  The  dichloride 
forms  glistening  plates,  resembling  iodoform  in  appearance. 

Two  grams  heated  with  the  previously  described  precautions  evolved 
chlorine  at  65 — 66°.  At  103°  sudden  decomposition  took  place  with 
effervescence,  some  hydrogen  chloride  being  evolved. 

CI  evolved,  0-3233  =  161 65  per  cent, 
which  corresponds  to  72-88  per  cent,  of  the  theoretical  decomposition 
in  accordance  with  equation  : 

NOg-CfiH^-TCl,  =  NO./C,H  J  +  Clo ; 
consequently  a  substitution  product  is  also  formed,  in  this  rase  to  the 
extent  of  27  to  28  per  cent,  of  the  theoretical. 

Action  of  Heat  on  'p- lodojiitrobenzene  Dicldoride,  NO.t'C^jHj'ICI.^. — 
Two  grams  wei-e  heated  as  above  described.  Evolution  of  chlorine 
commenced  at  106°,  and  continued  gradually  up  to  173°,  at  which 
temperature  the  product  melted  without  any  effervescence. 

CI  evolved,  0-4431  =  22-15. 
Theory  for  the  lo.ss  of  two  atoms  of  chlorine  =  221 8  per  cent. 

*  The  melting  point  is  recorded  as  34°  (Griess)  and  36°  (Korner). 
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The  decomposition  in  this  instance  is  therefore  complete,  and  confirms 
the  result  obtained  by  Willgerodt.  During  the  heating  the  ^;-iodo- 
nitrobenzene  sublimes  in  beautiful,  long,  slender,  pale  yellow  needles. 

unrversity  chemtcal  laboratory, 
Trinity  Colt.foe,  Dublin. 


IJII  — Depression  of  the  Freezing  Point  of  Aqueous 
Solutions  of  Hydrogen  Peroxide  hy  Potassium 
Persulphate  and  other  Compounds. 

By  Thomas  Slater  Price,  D.Sc. 

In  a  recent  paper  (Trans.,  1906,  89,  1092),  Friend  has  adduced  evidence 
supporting  the  idea  that  when  hydrogen  peroxide  and  potassium  per- 
sulphate are  brought  together  in  solution  an  unstable  compound  Ih 
formed ;  this  compound  slowly  decompo.ses,  liberating  oxygen  and 
forming  potassium  bisulphate.  If  such  a  compound  is  formed, 
potassium  persulphate  should  cause  a  less  molecular  depression  of  the 
freezing  point  of  solutions  of  hydrogen  peroxide  than  it  does  of  water, 
assuming  that  a  solution  of  hydi^ogen  peroxide  does  not  possess  a  less 
dissociating  power  than  pure  water.  Calvert  [Ann.  Pki/sik.,  1900,  [iv], 
1,  483)  has  shown  that  the  dielectric  constant  of  hydrogen  peroxide  is 
greater  than  that  of  water,  and  therefore,  according  to  the  Nernst- 
Thomson  rule,  the  dissociating  power  of  the  former  should  be  greater 
than  that  of  the  latter  ;  this  rule,  however,  is  not  valid  in  every  case. 
Jones  and  Murray  {Amer.  Chem.  J.,  1903,  30,  205),  from  their  results 
for  the  freezing  points  of  solutions  containing  both  hydrogen  peroxide 
and  sulphuric  acid,  conclude  that  hydrogen  peroxide  has  a  greater  dis- 
sociating power  than  water. 

In  what  follows,  an  account  is  given  of  experiments  on  the  freezing 
points  of  solutions  in  hydrogen  pei'oxide  of  not  only  potassium  per- 
sulphate, but  also  of  potassium  sulphate,  sulphuric  acid,  and  potassium 
hydrogen  sulphate. 

Method  of  Experiment. — The  freezing  point  determinations  were  all 
carrieii  out  with  the  ordinary  Beckmann  apparatus,  the  usual  precau- 
tions being  observed.  Since  hydrogen  pei'oxide  is  catalytically  decom- 
posed by  platinum,  a  glass  stirrer  was  used  in  the  place  of  the  ordinary 
platinum  one.  It  was  not  considered  necessary  to  make  corrections 
for  the  amount  of  ice  crystallising  out,  and  care  was  taken  that  the 
supercooling  was  not  greater  than  0'5°. 

The  solutions  were  made  up  by  volume,  so  that  the  molecular  depres- 
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sions  refer  to  the  lowering  of  the  freezing  point  caused  by  1  mol.  of 
the  solute  in  1000  c.c.  of  the  solution. 

The  strengths  of  solutions  containing  hydrogen  peroxide  were  esti- 
mated by  means  of  potassivim  permanganate,  both  before  and  after 
the  freezing  point  determinations;  usually  there  was  no  appreciable 
alteration  in  strength. 

A  comparison  of  the  results  for  the  molecular  depressions  of  the 
pure  substances  with  the  results  of  other  observers,  as  given  in  the 
last  edition  of  Physikalischchemische  2\ihellen,  will  show  that  the 
agreement  is  satisfactory,  with  the  exception  of  the  values  for 
the  intermediate  concentrations  of  sulphuric  acid.  If  a  curve  is 
drawn  through  the  results  of  other  observers  it  will  be  seen  that 
there  is  evidently  a  mistake  in  the  value  3-98°  for  the  molecular 
depression  caused  by  3'923  grams  of  sulphuric  acid  in  100  c.c.  solution 
(Jones  and  Getmau,  Amer.  Chevi.  J.,  1902,  27,  436),  and  this  causes 
a  deviation  of  approximately  01°  in  some  cases,  as  shown  by  the 
followinij  figures  : 

Gm.  H0SO4  in  100  c.c.  solution 2-180  3-052  6-539  8-720 

Mol.  A"(obs.)     3-90  3-83  3-99  4-17 

Mol.  A(calc.)  3-SG  3-92  4-09  416 

The  figures  for  the  molecular  depression  (inol.  A)  given  in  the  last 
line  have  been  obtained  from  the  curve  drawn  through  the  results  of 
other  observers  (Loomis,  Jones,  Mackay,  (fee). 

Hydrogen  Peroxide  and  Potassium  Persulphate. 


K.,S.Ps 

H.,0., 

Ai  +  Ao. 

A(K2S.A  + 

I  grams. 

in  giams. 

Mol.  A 

A,(K,SA). 

A2(HA)- 

(calc). 

HoOo)  obs. 

Ditf. 

1-696 

— 

4-77°* 

0-298° 

— 

— 

— 

— 

1-696 

3  -303 

4-30 

0-29S 

1-840° 

2-138° 

2-110° 

-0-028' 

1-696 

4-925 

3-73 

0-298 

2-809 

3-107 

3  043 

0-064 

1-696 

6-523 

3-33 

0-298 

3-837 

4-135 

4-046 

0-089 

*  The  molecular  depression  wlieu  calculated  as  grams  solute  per  1000  grams  water 
is  4-71°.  Miiller  (Zeitsch.  pMjsikal.  Chem.,  1893,  12,  557)  gives  4-7°  for  a  solution 
containing  1-0432  grams  KgSgOg  in  100  grams  of  water. 

(The  figures  in  the  first  two  columns  give  the  weights  of  the  respec- 
tive compounds  contained  in  100  c.c.  of  the  solution.  Mol.  A  is  the 
molejular  depression  of  the  hydrogen  peroxide  solution,  caused  by  solu- 
tion of  the  persulphate  in  it.  Aj  and  A^  are  the  observed  depressions  of 
the  freezing  point  of  water  for  solutions  the  strengths  of  which  are 
given  in  the  first  two  columns.  The  last  column  gives  the  differences 
between  the  calculated  and  observed  values  shown  in  columns  6  and  7. 
The  same  arrangement  is  adopted  in  all  the  succeeding  tables.) 

Tiie  results  for  mol.  A  show  that  some  combination  does  take  place 
between   the  molecules  of  potassium  persulphate  and   hydrogen  per- 
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oxide  when  in  solution  together  ;  as  the  concentration  of  the  latter 
compound  is  inci-eased  the  extent  of  combination  also  increases.  This 
is  perhaps  better  illustrated  by  the  figures  in  the  last  five  columns. 
In  the  case  of  a  solution  containing  two  solutes,  the  lowering  of  the 
freezing  point  of  the  solvent  is  generally  approximately  equal  to  tlie 
sum  of  the  lowi-rings  which  each  solute  would  separately  cause.  If 
this  is  not  the  case,  the  two  solutes  interact,  and  either  some  molecules 
disappear  or  more  are  formed ;  in  the  first  case,  the  depression  is  less 
than,  and  in  the  second  case  greater  than,  the  sum  of  the  separate 
depressions.  The  figures  given  in  the  last  column  show  that  the  first 
case  is  true. 

Friend  (Trans.,  1906,  89,  1092)  has  shown  that  potassium  per- 
sulphate and  hydrogen  peroxide  intei'act  slowly.  This  would  also 
account  for  the  decrease  in  the  molecular  depi'ession,  if  the  action  were 
appreciable.  Measurements  of  the  concentration  of  the  hydrogen 
peroxide  before  and  after  the  freezing  point  determination  showed 
that  no  decomposition  had  taken  place. 

In  a  previous  paper  (Trans.,  1906,  89,  53)  the  author  has  shown 
that  the  foi^mula  of  potassium  perraonosulphate  is  KHSOg.  One  would 
therefore  expect  this  salt  to  be  formed  by  the  interaction  of  potassium 
bisulphate  and  hydrogen  peroxide,  according  to  the  equation  KHSO^-I- 
HgOg  =  KIISOj  +  H.,0.  Freezing  point  determinations  were  therefore 
undertaken  to  see  if  there  was  any  combination  in  solution.  Before 
investigating  this  system,  however,  measurements  were  made  on  the 
systems  containing  the  compounds  from  which  potassium  bisulphate  is 
formed. 

Hydrogen  Peroxide  and  Sulj^huric  Acid. 


H2S04 

H2O2 

Aj  +  A.2 

AiH,S04  + 

in  grams. 

in  grams. 

Mol.  A. 

Ai(H.,S04). 

Ao(H,0.,). 

(calc). 

H.2O2)  obs. 

Diff. 

2-180 

— 

3  90'' 

— 

— 

— 

— 

— 

2-180 

1-621 

4-11 

0-866° 

0-891° 

1-757° 

1-805° 

+  0048^ 

2-180 

2-399 

4-32 

0-866 

1  -321 

2-187 

2-280 

0-093 

2-180 

3-258 

4-37 

0-866 

1-800 

2-666 

2-771 

0-105 

3-052 



3-83° 









__ 

3  052 

1-659 

3-97 

1-191° 

0-917° 

2-108° 

2-151° 

+  0-013° 

3052 

2-523 

4-17 

1191 

1-392 

2-583 

2-690 

0-017 

3-052 

3-277 

4-29 

1-191 

1-846 

3037 

3-181 

0-144 

4-360 



3-86° 









— 

4-360 

1-670 

4-08 

1-717° 

0-922° 

2-639° 

2-736° 

+  0-097' 

4-360 

2-480 

4-25 

1-717 

1-381 

3-098 

3-271 

0-173 

4-360 

3  3.36 

4-38 

1-717 

1-860 

3-577 

3-809 

0-232 

It  will  be  noticed  that  the  molecular  depression  of  the  freezing 
point  caused  by  sulphuric  acid  is  increased  in  hydrogen  peroxide  solu- 
tions ;  the  greater  the   concentration   of   the   latter,   the  gr-eater   the 
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increase  in  the  molecular  depression.  In  accordance  with  this  the 
differences  in  the  last  column  are  positive.  This  confirms  the  lesults 
oF  Jones  and  Murray  {Ame7\  Cheni.  J.,  1903,  20,  205),  who  explain 
them  by  the  assumption  that  a  solution  of  hydrogen  peroxide  posses.«es 
a  greater  dis^sociating  power  than  pure  water.  This,  at  pre'ent,  seems 
to  be  the  only  feasible  explanation,  since  any  action  between  f^ulphuric 
acid  and  hydrogen  peroxide,  according  to  the  equation  11280^  +  115,02  = 
HgSOg  +  HgO,  would  decrease  the  number  of  molecules  having  an 
effect  on  the  freezing  point  of  water,  and  thus  bring  about  a  decrease 
in  the  molecular  depression.  Moreover,  permono-ulphiiric  acid  does 
not  appear  to  be  formed  at  these  dilutions,  at  all  events  within  the 
time  of  experiment. 

It  follows  that  the  formation  of  the  compoimd  between  potassium 
persulphate  and  hydrogen  peroxide  proceeds  to  a  greater  extent  than 
tliat  indicated  by  the  figures  for  the  freezing  points,  since  the  increased 
dissociation  due  to  hydrogen  peroxide  has  been  more  than  counter- 
balanced. 

Hydrogen  Peroxide  awl  Potassium  Sulphate. 

K.SO^        II,,0.2  A1  +  A2  A(K.3S0.,+ 

in  gnims.  ingrains.  Mol. /i.  AjlluSO^).  A.j(H._,02).  (c.alc.).' HaO.,)  obs.  Diff. 

3-876           —             4-12°               —            "—               —         '   '— »  — 

3-876         1-621         3-58               0-91.5°       0-891^        1-806°        1-687°  -  0-119° 

3-876         2-399         3-42               0-91.5         1-321         2-236         2-080  0-156 

3-876         3-258         3-24                0-915         1-800         2-715         2-520  0-195 

5-426  —  3-96°  _____  _ 

5-426  1-659  3-47  1-232°  0-917°  2-149"  1-997"  -0  15-2° 

5-426  2-5-23  328  1-2.32  1-392  2-411  2-411  0213 

5-426  3-277  3-08  1-232  1-846  2-803  2-803  0-275 

5-813  —  3-93  —               —            —               —  — 

7-751*  —  3-73  _              _            _              _  _ 

7-751  1-670  3-37  1-657  0-9-22  2-579  2421  0-158 

7-751  2-480  3-15  1-657  1-381  3-038  2-780  0-268 

7751  3-a36  2-99  1-657  1-860  3-517  3186  0-331 

*  Siipersatiirateil  solution. 

(The  molecular  depi'essions  obtained  by  other  observers  for  the  con- 
centrations of  potassium  sulphate  given  above  are  4-04°,  3-95°,  3-93°, 
and  3-87°  respectively.) 

The  molecular  depression  decreases  with  increase  in  concentration  of 
the  hydrogen  peroxide.  This  is  in  accordance  with  the  results  of 
Jones  and  Carroll  (Amer.  Chem.  J.,  1902,  28,  284)  for  other  salts,  for 
example,  potassium  chloride  and  nitrate,  ammonium  sulphate. 
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Hydrogen  Peroxide  and  Potassium  Hydrogen  Sulphate. 

The  various  attempts  which  have  hitherto  been  made  to  prepare  a 
pure  salt  of  permonosulphnric  acid  have  not  been  successful.  It 
seemed  likely  that  the  potassium  salt  should  result  from  the  inter- 
action of  hydrogen  peroxide  and  potassium  bisulpbate,  according  to 
the  equation  given  on  p.  533,  and  that  concentration  of  the  solution 
in  the  presence  of  excess  of  hydrogen  peroxide  would  lead  to  the 
deposition  of  the  pure  salt.  If  potassium  bisulphate  is  dissolved  in 
an  excess  of  concentrated  hydrogen  peroxide  solution  (Merck's  30  per 
cent,  by  weight),  and  the  solution  allowed  to  stand,  permonosulphate 
is  slowly  formed.  Concentration  of  the  solution  in  a  vacuum  leads  at 
first  to  the  deposition  of  clear  crystals  of  an  acid  sulphate  of  potassium  ; 
the  remainder  of  the  solution  then  dries  up  to  a  white  mass,  which 
contains  permonosulphate.  Analysis  of  this  residue,  according  to  the 
method  given  in  a  previous  paper  (Trans.,  1906,  89,  53),  showed  it  to 
contain  about  50  per  cent,  of  potassium  permonosulphate,  the  remainder 
consisting  of  one  of  the  higher  acid  sulphates  of  potassium.  No  indi- 
cation, judging  from  the  analytical  results,  was  obtained  of  the  forma- 
tion of  potassium  persulphate  (K.^S.^Og).  Attempts  to  recrystallise 
the  residue  from  more  hydrogen  peroxide  were  not  successful,  the  per- 
monosulphate undergoing  partial  decomposition  during  the  process. 
Nor  could  any  method  of  partial  precipitation  from  solution  be  found 
which  produced  a  p'lre  salt.* 

In  passing,  it  should  be  mentioned  that  a  solution  containing  per- 
monosulphate (and  free  sulphuric  acid)  is  much  more  stable  than  is 
generally  supposed.  I  possess  a  solution  which  was  made  from 
potassium  persulphate  two  years  ago,  and  it  does  not  appear  to  have 
diminished  much  in  strength,  and,  moreover,  gives  no  indication  of 
the  formation  of  hydrogen  peroxide.  In  another  case,  10  c.c.  of  a 
solution  of  permonosulphate  (from  KHSO^  and  HgOg)  were  equivalent 
to  27'8  c.c.  of  a  thiosulphate  solution  on  May  23,  1906  ;  on  August  15 
the  titre  was  27-1  c.c,  and  on  September  14,  26-8  c.c. 

Freezing  point  determinations  were  also  carried  out  on  solutions  of 
potassium  bisulphate  in  hydrogen  peroxide.  Jones  and  his  co-workers 
have  found  that  hydrogen  peroxide  has  a  greater  dissociating  power 
for  acids  than  water  has  (compare  the  results  for  sulphuric  acid),  and, 
since  a  solution  of  potassium  bisulphate  is  acid,  the  effect  of  any  com- 
bination between  the  bisulphate  and  the  hydrogen  peroxide  would  be 
partially  masked  by  the  effect  of  the  H*-ions.  Nevertheless,  there  is 
a  slight  diminution  in  the  molecular  depression  of  the  freezing  point, 

*  Attempts  to  prepare  pure  salts  of  the  heavier  metals,  such  as  Ca(HS0g)2,  have 
so  far  not  been  successful. 
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as  is  shown  in  the  following  table,  which  gives  the  results  of  one  set 
of  ob.servations  only. 


KHS04 

HoO, 

A(KHS04  + 

11  ^^raiii.s. 

ill  grams. 

Mol.  A. 

A,(KHSO^). 

A,(HA)- 

A1  +  A2      HA)- 

Diff. 

8  •■178 

— 

3-52° 



— 





8-478 

1-659 

3-43 

2-190° 

0-917° 

3-107°        3-051° 

-0-056' 

8-478 

2-523 

3-41 

2-190 

1-392 

3-582         3-512 

0070 

8-478 

3-277 

3-iO 

2-190 

1-846 

4-036         3-961 

0075 

It  is  noticeable  that  an  altei'ation  in  the  concentration  of  the 
liydrogen  peroxide  does  not  affect  the  molecular  depression  to  any 
extent.     The  other  sets  of  observations  gave  similar  results. 
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LIV. — The  Reduction  Products  of  o-  and  ^-Dimethoxy- 

henzoin. 

By   James   Colquhoun    Irvine,    Ph.D.,   D.Sc,   and    Agnes   Marion 
MooDiE,  M.A.,  B.Sc,  Carnegie  Scholar. 

The  relationship  of  compounds  of  the  benzoin  type  to  the  parent 
hydrocarbon  is  usually  ascertained  by  reduction  to  tlie  coriesponding 
hydrobenzoin  and  subsequent  treatment  of  this  product  with  hydrogen 
iodide.  By  this  process  ordinary  benzoin  is  converted  into  dibenzyl, 
which  must  be  regarded  as  the  simplest  corresponding  hydrocarbon. 

The  case  of  substituted  benzoius  offers  the  possibility  of  more  com- 
plex reactions  of  some  interest,  and  we  have  made  a  study  of  the 
vai'ious  reduction  prolucts  obtained  from  both  0-  and  ^j-dimethoxy- 
benzoin. 

o-Uimethoxybenzoin  (Trans.,  1901,  79,  668)  was  converted  into  the 
corresponding  hydrobenzoin  by  the  action  of  sodium  amalgam,  and 
attempts  were  made  to  reduce  this  compound  by  means  of  hydrogen 
iodide.  In  this  case  it  seemed  probable  that  the  removal  of  tlie 
methoxyl  groups  from  the  ortho-position  might  lead  to  the  union  of 
the  two  benzene  nuclei,  with  the  ultimate  formation  of  dihydrophenan- 
threne.  A  similar  reduction  has  recently  been  carried  out  by  Law 
(Trans.,  1906,  89,  1517),  who  obtained  9  :  10-dihydroxyphenanthreue 
by  the  electrolytic  reduction  of  hydrosalicyloin.  The  reaction  in 
question  was,  however,  unsuccessful,  and  recourse  was  finally  had  to 
Baeyer's  method  of  I'eduction,  the  compound  being  distilled  with  zinc 
dutt  in  a  current  of  hydrogen.     Contrary  to  expectation,  the  main  pro- 
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duct  thus  obtained  was  \)-diniethyllola'iie,  a  result  which  is  at  variauce 
with  the  geneially  accepted  statement  that  Baeyer's  method  reduces 
aromatic  oxy-compounds  to  the  parent  hydrocarbon.  Although  it  is 
difficult  to  speculate  accurately  as  to  the  progress  of  reactions  which 
take  place  at  high  temperatures,  we  endeavoured  to  trace  the  various 
stages  undergone  in  this  abnormal  reduction. 

With  the  object  of  isolating  the  intermediate  products,  the  method 
of  reduction  was  somewhat  modified  ;  the  zinc  dust  used  was  not  freed 
from  adherent  oxide,  and  the  distillation  was  conducted  at  the  lowest 
possible  temperature  in  an  atmosphere  of  carbon  dioxide.  Under 
these  conditions  the  methoxyl  groups  remained  unreduced,  and  the 
principal  px-oduct  consisted  of  o-dimethoxystilbene  : 
MeO-CeH,-CH(OH)-CH(OK)-C6H^-OMe-^ 

MeO-C,H -CHICH-a.H -OMe. 

0       4  0       ■* 

On  further  reduction  under  the  same  conditions,  this  substance  was 
converted  into  a  mixture  of  o-dimethoxydibenzyl  and  />-dimethyl- 
tolane, 

MeO-CeH.-CHX'H-CgH.-OMe    -^     MeO-C^H^-CK/CHg-C^H^'OMe 
'  +C6H,Me-C:C-C6H4Me, 

and  the  latter  substance  constituted  the  sole  product  when  the  ethane 
derivative  was  in  turn  reduced. 

The  conversion  of  the  o-methoxy-compounds  into  the  ^>hydrocarbon 
is  therefoi-e  effected  at  the  last  stage  of  the  reduction,  and  is  in 
all  probability  due  to  the  removal  of  two  molecules  of  water,  and  sub- 
sequent transference  of  the  two  methyl  groups  to  the  position  of 
greatest  stability. 

In  view  of  the  general  importance  of  Baeyer's  method  of  reduction 
and  the  abnormality  of  the  above  result,  we  extended  our  experiments 
to  anisoin  and  its  derivatives.  The  compounds  selected  for  experiment 
were  prepared  with  the  object  of  testing  the  effect  of  the  reduction  on 
different  side  chains. 

The  table  on  page  538  classifies  the  results  obtained. 

The  evidence  of  experiments  (1)  and  (2)  shows  that  the  side  chains 

•CH-OH        ,  .CH-OMe       ,  ,.,  -CH,      ,         ,         ,       .       . 

I  and      1  I'educe  alike  to     i,^',  when  the  reduction  is 

carried  out  in  carbon  dioxide.  Moreover,  experiments  (3)  and  (4) 
afford  additional  proof  that  the  ketonic  group,  and  also  the  phenolic 
methoxyl  groups  remain  unaltered  under  these  conditions.     On   the 

111  •  /r\  1       /.\         1  'CH'OH 

other    hand,   reactions   (5)   and   (b)   show   that   the    groups      i 


,   CH-OMe       ,  .    .,    ,  ,         ,  .  -CH     ^^, 

and     I  ,    when    similarly    treated,    reduce    first    to      1 1     .     The 

effect  of   substituting  hydrogen  for  carbon  dioxide  in  the  process  is 
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(Substance. 


Conditions 
of  experiment. 


Products. 


1.  Anisoin  Distilled  in  carbon  dioxide,  i  Deoxyanisoin ;  trace  of  ^-di- 

I      niethoxystilbenc. 
'2.  Anisoin  inctliyl  ether.  ,,  ,,  ,,  Deoxyani.soin  ;  trace  of  ;>di- 

niethoxystilbene. 
Deoxyauisom. 
Ani.sil. 
^.>-Dimethoxystilbene. 


;?.  Deoxyanisoin  

4.  Anisil 

5.  Hydroanisoin     

6.  Hydroanisoin      inojio- 

methyl  etlier 

7.  Dtjoxyanisoin 


8.  n yd  roanisoin 

9.  ju-Diniethoxystilbeue. 


Distilled  in  hydrogen. 


^J-Dimethoxystilbene. 
;L>-Diniethoxystilbene  ;    stil- 

beiie. 
Stilbene. 
Stilbene. 


shown  in  (7),  (8),  and  (9),  and  only  then  is  a  hydiocarbou  obtained. 
The  nature  of  the  complete  reduction  of  anisoin,  and  its  ultimate  con- 
version into  stilbene,  is  best  seen  if  we  accept  the  enolic  formula  for 
deoxybenzoin  as  shown  below  : 
MeO-C,H,-CH-OH 


MeO-CgH^-CO 


-^ 


MeO-C^H^-CHg 
MeO-C^,H,-CO 


-^ 


MeO-CJl^-CH 
MeO-C^H^-C-OH 


MeO-CJi^-CH 
MeO-C^H^-CH 


—^ 


C,H,-CH- 


The  position  occupied  by  the  methoxyl  groups  in  the  ring  therefore 
affects  the  nature  of  the  reduction  considerably.  Both  in  the  ortho- 
and  para-compounds  studied  the  alkyloxy-groups  are  evidently  the  last 
to  be  eliminated,  but  in  the  former  case  the  methyl  groups  ultimately 
effect  substitution  in  the  ring,  whilst  in  the  latter  they  are  removed, 
probably  in  the  form  of  methyl  alcohol. 

Our  i-esults  show  that  the  evidence  given  by  Baeyer's  reduction 
process  must  be  accepted  with  .some  caution  in  deducing  the  constitution 
of  aromatic  oxy-compounds.  In  particular,  the  irregular  reduction 
undergone  by  methoxy-derivatives  i-enders  the  application  of  this 
method  to  the  determination  of  the  structural  formulae  of  many 
alkaloids  extremely  doubtful. 


Experimental. 

PrejKhration  of  o-Dimethoxyhydrohenzoiii. 

The  o-dimethoxybenzoin  required  was  prepared,  as  already  described 
{loc.  oit.),  by  the  condensation  of  salicylaldehyde  methyl  ether.  The  re- 
duction of  the  compound  to  a  hydrobenzoin  was  carried  out  by  the  action 
of  sodium  amalgam  on  a  solution  of  the  benzoin  in  moist  ether.  Ninety 
grams  of    dimethoxy  benzoin   were  dissolved  in    ether  saturated  with 
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w^ter,  and  subjected  to  the  action  of  a  largo  excess  of  tiuelj  powdered 
4  per  cent,  sodium  amalgam.  A  brisk  current  of  carbon  dioxide  was 
led  into  the  well  cooled  solution,  which  was  thoroughly  mixed  by  means 
of  a  powerful  mechanical  stirrer.  As  the  hydrobenzoin  is  practically 
insoluble  in  ether  it  was  precipitated  along  with  the  sodium  bicarbonate 
pi'oduced  in  the  rea-tion.  After  forty-eight  hours  the  liquid  was 
filtered,  and  the  residual  sludge,  after  separation  from  mercury,  was 
extracted  with  boiling  alcohol.  In  this  way  the  hydrobenzoin  was 
removed,  aud,  after  recry^tallisation  from  alcohol,  was  obtained  in  large 
prisms  melting  at  153 — 154°.  The  ethereal  filtrate,  on  concentration, 
furnished  an  additional  quantity  of  the  powd-r,  the  total  yield  of  which 
amounted  to  70  grams.     Analysis  gave  : 

(T)  0  =  69-82;  H  =  6-60.     (II)  0  =  69  92;  H  =  6-71. 

CjgH^gO^  requires  0  ^  70"07  ;  H  =  6"57  per  cent. 
Examination  showed  that  no  products  corresponding  to   isohydro- 
benzoin  or  deoxy benzoin  were  produced  in  the  reaction. 

The  existence  of  two  hydroxyl  groups  in  the  hydrobenzoin  was 
proved  by  boiling  the  compound  with  excess  of  acetic  anhydride.  After 
two  hours'  treatment,  the  excess  of  reagent  was  removed  under 
diminished  pressure,  and  the  residue  crystallised  from  a  mixture  of 
alcohol  and  light  petroleum.  The  product,  which  crystallised  in  small 
prisms,  melted  at  171 — 172°,  and  analysis  showed  the  substance  to  be 
the  diacetjjl  derivative  of  the  hydrobenzoin. 

(I)  0  =  66-83;  H=6-16.     (II)  0  =  67-15;  11  =  6-19. 

CgQlIg.^Og  requires  0  =  67  04  ;  H  =  6-14  per  cent. 
With  a  similar  object  in  view,  the  action  of  phenylcarbimide  on  the 
hydrobenzoin  was  tried,  and   we  obtained  the  diphenylurethane  deriv- 
ative in  beautiful  prisms  (m.  p.  186 — 187°). 
Analysis  gave : 
0  =  70-12;  H  =  5-57  ;  N  =  5-59. 

OgoH^gOcNg  requires  0  =  70-31 ;  H  =  5-47  ;  N  =  5-47  per  cent. 
Reduction  of  o-Dimethoxyhi/drohenzoin. — Several  attempts  were  made 
in  the  first  place  to  reduce  the  compound  by  means  of  hydrogen 
iodide.  Experiments  carried  out  at  various  temperatures  ranging  from 
100°  to  200°  gave  only  gummy  products,  and  even  at  the  ordinary 
temperature  the  hydrobenzoin  was  rapidly  converted  into  an  un- 
crystallisahle  tar  when  mixed  with  the  concentrated  acid.  The  reduc- 
tion was  thei-efore  carried  out  by  distilling  an  intimite  mixture  of  the 
hydrobenzoin  and  excess  of  zinc  dust  over  pumice  stone  with  which 
zinc  dust  was  incorporated.  The  best  yields  were  obtained  when  not 
more  than  5  grams  of  the  hydrobenzoin  were  used  in  each  experiment. 
The  distillation  was  carried  out  as  usual  in  a  sloping  combustion  tube, 
the  end  of  which  was  fitted  with  an  adapter  dipping  under  alcohol.    As 
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explained  in  the  introduction,  tlie  distillation  can  be  controlled  so  as  to 
give  three  distinct  reduction  products.  Wlien  cai-ried  out  at  the 
lowest  possible  temperature  in  a  stream  of  dry  carbon  dioxide,  the 
product  was  an  oil  which,  after  repeated  fractionation,  boiltd  at 
195 — 197°  undei'  20  mm  pressure,  and  which  did  not  crystallise  when 
kept  at   -  10°  for  several  days. 

Analysis  gave  : 

(I)  0  =  79-90;  H  =  6-58.     (II)  C  =  80-13;  H  =  6-65. 

Ci^HigO^  requires  C  =  80  00  ;  H  =  6-60  per  cent. 

As  the  compound  beh  ived  as  an  unsatur.ited  substiince  towards 
bromioe,  and  was  also  not  affected  by  the  action  of  acetic  anhydride, 
it  was  regarded  as  o  dimethoxystilbene.  This  view  was  confirmed  by 
its  reduction  by  the  method  just  described.  When  distilled  over  zinc 
dust  it  yielded  an  oil  which  crystallised  on  standir  g.  The  product  was 
purified  from  dilute  alcohol  (prisms,  m.  p.  83 — 84°). 

Aialysis  gave  : 

(I)  0  =  79-26;  H  =  7-55.     (II)  0  =  79-36;  H  =  7-59. 

OjgH^gOg  requires  0  =  7934  ;  H  =  7*44  per  cent. 

As  acetic  anhydride  was  without  action  on  the  compound,  it  is  con- 
sidered to  be  o-dimethoxydihenzyl. 

Both  the  above  substances  gave  ^>dimethyltolane  when  reduced  by 
Baeyer's  process,  but  the  most  convenient  method  of  preparing  the 
latter  compound  is  to  reduce  the  hydrobenzoin  in  a  current  of 
hydrogen.  In  this  way  the  intermediate  compounds  in  the  reduction 
are  converted  into  the  hydrocarbon.  The  distillate  crystallised  readily 
on  cooling,  and,  after  draining  from  adherent  oil  on  a  porous  plate, 
the  crystals  were  purified  by  recrystallisation  from  alcohol.  The 
product  consisted  of  long,  delicate  needles  melting  at  136 — 137°,  and 
possessing  a  beautiful  blue  fluorescence.  The  mother  liquors  from  the 
recrystallisation  invariably  contained  a  little  o-dimethoxydibenzyl,  and 
the  oil  recovered  from  the  porou-;  plate  proved  to  contain  the  ethylene 
derivative. 

T^-Dimethyllolane. — Oousiderable  trouble  was  experienc^id  in  identi- 
fying the  compound  melting  at  136 — 137°  with  ^j-dimethyltolane,  as 
the  analysis  presented  -great  difliculties.  Using  the  ordinary  com- 
bustion method,  the  values  found  for  hydrogen  were  practically 
constant,  but  the  cirbon  content  showed  great  variation,  ranging  from 
70  to  85  per  cent.  The  admixture  of  copper  oxide  or  potassium 
dichr.  mate  with  the  substance  in  the  boat  was  without  avail,  and  the 
substitution  of  the  bayonet  tube  method  was  equally  unsuccessful. 
The  wet  method  of  combustion  (Fritzsche,  Annalen,  1897,  294,  79) 
and  tiie  Dennstedt  process  were  also  tried,  but  without  success. 
Finally,    the  substance  was  burned    in   the   usual  way,  using  a  tube 
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3  metres  long.  The  carbon  content  still  varifd  somewhat,  bvit  the 
results  showed  the  compound  to  be  a  hydrocarbon.  The  mean  value 
for  hydrogen  in  twelve  combustions  was  6  9 9  per  cent.,  and  the 
maximum  value  found  for  carbon  was  92'96  per  cent.  {C^^H^^  requires 
C  =  93"20;  H  =  6'80  per  cent.).  The  molecuhir  weight,  determined  by 
the  boiling  point  method  in  chloroform  solution,  was  207  (cahulated 
206),  and  the  identity  of  the  compound  with  /j-dimethyltolane  was 
further  established  by  the  preparation  of  the  latter  from  ;;-dimethyl- 
stilbene  dibromide.  The  specimen  thus  obtained  melted,  as  did  the 
compound  under  examination,  at  136°,  and  a  mixture  of  the  two 
preparations  melied  sharply  at  the  same  temperature. 

In  view  of  the  difficulties  described  above,  it  is  a  significant  fact 
that  in  the  original  preparation  of  this  compound  (Ber.,  1873,6,  1505) 
no  analyses  are  quoted. 

o-Dimethoxyhenzil . — It  was  considered  advisable  to  substantiate  the 
ortho-character  of  the  various  compounds  in  view  of  their  ultimate 
reduction  to  a  para-hydrocarbon.  In  the  case  of  o-dimethoxybenzoin 
this  has  already  been  done  (loc.  cit.)  in  its  conversion  into  o-methoxy- 
benzoic  acid,  and  similar  evidence  was  therefore  sought  in  the  case  of 
dimethoxyhydrobenzoin. 

When  boiled  with  alkaline  potassium  permanganate  solution  the 
compound  underwent  ready  oxidation.  After  twelve  hours'  treatment 
the  liquid  was  filtered,  and  the  residue,  after  drying,  was  extracted 
with  boiling  ether.  The  extract  on  evaporation  deposited  a  crop  of 
well-formed,  colourless  prisms  melting  at  127°,  which  analysis  showed 
to  be  dimethoxybenzil  : 

(I)  C  =  70-96;  H  =  5-31.     (II)  C  =  7M8j  H  =  5-38. 

^16-^14^4  i^equires  C  =  71"ll;  H  =  5'18  per  cent. 

As  dimethoxybenzoin  gives  the  same  product  in  almost  quantitative 
amount  under  these  conditions,  the  ortho  nature  of  the  hydrobenzoin  is 
in  this  way  confirmed.  This  method  of  preparing  the  beczil  by  the 
action  of  potassium  permanganate  is  more  advantageous  than  the 
commoner  process  of  treatment  with  nitric  acid,  as  in  the  latter  case 
the  by-products  are  not  only  troublesome  to  remove  by  crystallisa- 
tion, but  are  highly  explosive. 

That  the  dimethoxybenzil  was  the  ortho-compound  was  in  turn 
confirmed  by  its  reaction  with  fused  potassium  hydroxide.  No  com- 
pound corresponding  to  benzilic  acid  was  formed,  and  the  pr-oduct, 
after  acidification  with  hydrochloric  acid,  was  found  to  contain  only 
salicylic  acid. 

Reduction  of  Anisoin  hy  Baeyer^s  Method. 
This  reaction    was    carried    out    exactly    as    already    described   for 
o-dimethoxyhydrobenzoin,  a  current  of  carbon  dioxide  being  employed 
VOL.    XCl.  O   O 
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io  the  first  instance.  The  product  was  an  oil  which  crystallised  com- 
pletely on  cooling.  On  recrystallisation  from  hot  alcohol  a  small  first 
crop  was  obtained  consisting  of  leaflets  which  melted  at  205 — 207°, 
but  the  bulk  of  the  product,  amounting  to  80  per  cent,  of  the  substance 
used,  separated  in  long  needles.  The  latter  compound  was  treated  with 
cold  ethyl  acetate,  and  in  this  w:iy  freed  from  traces  of  the  product  of 
higher  melting  point  which  remained  undissolved.  After  jemoval  of 
the  solvent  the  residue  was  crystallised  from  hot  alcohol,  the  com- 
pound then  melting  at  108—109°. 

Analysis  showed  the  substance  to  be  deoxyauisoin  : 

C  =  75-07;  H  =  6-38;  OMe  =  26-0. 
CigH^cOg  requires  C  =  75-00  ;  H  =  6.25  ;  OMe  =  25-6  per  cent. 

As  Russell  {Annalen,  1869,  151,  25)  quotes  95°  as  the  melting 
point  of  deoxyanisoin,  and  as,  moreover,  isohydroanisoin  melts  at  110°, 
the  substance  was  further  examined.  The  molecular  weight  was 
determined  ia  benzene  by  the  cryoscopic  method,  and  gave  the  value 
240  (calculated  256).  The  compound,  moreover,  had  no  action  on 
Fehling's  solution,  and  was  recovered  unchaoged  when  boiled  with 
eitlier  acetic  anhydride  or  dilute  sulphuric  acid.  When  boiled  with 
alkaline  potassium  permanganate  it  was  converted  into  aiii-il  (m.  p. 
133°).  The  presence  of  the  ketonic  group  was  shown  by  the  action  of 
hydroxylamine.  The  compound  was  boiled  for  three  hours  in  methyl- 
alcoholic  solution  with  the  calculated  amount  of  the  base.  The  solu- 
tion was  poured  into  water,  and  the  crystalline  precipitate  separated, 
dried,  and  recrystallised  from  a  mixture  o^'  benzene  and  light 
petroleum. 

Analysis  of  the  product,  which  crystallisei  in  needles  melting  at 
120 — 121°,  showed  it  to  be  the  oxime  of  deoxyanisoin  : 

C  =  70-68;  H  =  6-48. 

CjgHjKOgN  requires  C  =  70-85  ;  H  =  G-27  per  cent. 

As  already  mentioned,  the  reduction  of  anisoin  also  yielded  a  small 
quantity  of  a  compound  melting  at  205 — 207°. 

Analysis  gave  : 

C  =  79-95;  H  =  6-87;  OMe  =  26-80. 
C^.HjqO.^  requires  C  =  80-00  ;  H  =  6-60  ;  OMe  =  25'83  per  cent. 

As,  in  addition,  the  compound  gave  a  bromine  derivative  melting  at 
118 — 120°,  it  is  evidently  jo-dimethoxystilbene. 

Both  deoxyanisoin  and  dimethoxystilbene  were  found  to  distil 
unchanged  when  heated  with  zinc  dust  in  a  stream  of  carbon  dioxide, 
but  in  an  atmosphere  of  hydrogen  each  compound  was  converted  into 
stilbene.  The  latter  was  identified  by  its  melting  point  (124°)  and 
its  conversion  into  a-stilbeue  dibromide  (m.  p.  237°). 
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Freparation  and  Reduction  of  Anisoin  Derivatives. 

Anisoin  Methyl  Ether. — This  compound  was  prepared  by  the  silver 
oxide  method  in  the  manner  already  described  for  the  corresponding 
ortho-compound  {loc.  cit.).  The  addition  of  a  little  dry  acetone  was 
necessary  to  effect  complete  solution  of  the  anisoin  in  the  methyl 
iodide.  The  product  crystallised  readily  in  pale  yellow  prisms,  which 
after  recrystallisation  from  carbon  tetrachloride  melted  at  52 — 53°. 
The  yield  was  quantitative.  The  compound  is  vei-y  soluble  in  ether, 
acetone,  or  benzene  ;  a  cold  saturated  alcoholic  solution,  on  heating  to 
about  60'^,  deposits  a  portion  of  the  dissolved  compound  as  an  oil, 
which,  however,  redissolves  at  higher  temperatures. 

Analysis  gave  : 

C  =  71-38;  H=6-26;  OMe  =  31-8. 

Ci.H^s04  requires  G  =  71-32  ;  H  =  6-29  ;  OMe  =  32-5  per  cent. 

As  the  compound  is  much  more  volatile  than  anisoin,  the  reduction 
with  zinc  dust  had  to  be  conducted  more  slowly.  As  already  explained, 
the  same  reduction  products  were  obtained  as  in  the  case  of  anisoin. 

Hydroanisoin  Monomethyl  Ether. — The  reduction  of  the  ketonic 
group  in  anisoin  methyl  ether  was  effected  by  the  action  of  sodium 
amalgam  with  the  production  of  the  corresponding  hydro  benzoin 
methyl  ether.  The  details  of  the  process  were  the  same  as  already 
described  for  the  preparation  of  o-dimethoxyhydrobeuzoin.  The  pro- 
duct crysfcallisdd  in  complicated  prisms  (m.  p.  98 — 99°)  from  a  con- 
centrated solution  in  ethyl  alcohol. 

Analysis  gave  : 

C  =  70-57;  H  =  7-03;  OMe- 31-63. 
^i^H.^oO^  requires  C  =  70-83  ;  H  =  6-94;  OMe -32-29  per  cent. 

In  this  case  also  the  reduction  by  Baeyer's  process  was  carried  out 
slowly  on  account  of  the  volatility  of  the  compound.  The  reduction 
yielded  ^j-dimethoxystilbene. 

Hydroanisoin. — This  compound  is  best  prepared  by  the  action  of 
sodium  amalgam  on  an  ethereal  solution  of  anisoin,  the  sapiration  of 
the  product  from  the  sodium  bicarbonate  being  effectei  by  extraction 
with  absolute  alcohol.  The  yield  of  pure  product  (m.  p.  167 — 169°) 
was  more  than  71  per  cent,  of  the  theoretical  amount,  and  no  iso- 
hydroanisoin  or  deoxyanisoin  was  produced.  Reduction  with  zinc 
dust  gave  /)-dimethoxystilbene  as  the  sole  product  when  the  reaction 
was  carried  out  in  an  atmosphere  of  carbon  dioxide.  When  a  current 
of  hydrogen  was  used  the  reduction  proceeded  further  and  stilbene  was 
the  main  product. 

Deoxyanisoin. — Wo  found  it  more  convenient  to  prepare  the  neces- 
sary deoxyanisoin   by  the  distillation  of  a   mixture  of  zinc  dust  and 

O  O   2 
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anisoin  in  a  current  of  carbon  dioxide.  The  product  was  separated 
as  already  described  from  traces  of  ^:»-dimethoxystilbene  by  solution  in 
cold  etliyl  acetate.  Tliis  method  of  prepaiation  gives  a  better  yield 
and  pur(!r  product  than  that  obtained  by  the  decomposition  of  hydro- 
anisoin  by  means  of  sulphuric  acid. 

A7iisil. —  The  anisil  required  was  prepared  from  anisoin  by  boiling 
for  two  hours  with  a  solution  of  the  calculated  amount  of  alkaline 
potassium  permanganate.  The  residue  obtained  on  filtiation  was 
extracted  with  boiling  ether.  In  this  way  the  diketone  was  obtained 
in  almost  quantitative  amount  in  pale  yellow  needles  melting  at  133°. 
The  method  possesses  obvious  advantages  over  the  alteruative  process, 
in  which  nitric  acid  is  used  as  the  oxidising  agent. 

We  are  extending  our  work  on  the  mechanism  of  Baeyer's  reduction 
process,  and  have  obtained  further  results,  which  we  hope  to  publish 
shortly. 

The  scheme  of  this  investigation  was  suggested  by  the  late  Johannes 
Wi.slicenus,  aud  part  of  the  work  was  carried  out  under  his  direction. 
Acknowltdgment  is  also  due  to  the  Carnegie  Trust  for  a  research 
grant  in  aid  of  the  work. 
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LV. — The  Action  of  Ethylene  Dibromide  and  of  Pro- 
pylene Dibromide  on  the  Disodium  Derivative  of 
Diacetylacetone. 

By  Alexander  William  Bain. 

In  a  previous  communication  (Trans.,  1906,  89,  1224)  the  author  gave 
a  description  of  a  compound  having  the  composition  C7Hg03l>ra2,H20, 
which  he  obtained  by  the  action  of  ethyl  iodide  on  the  hydrated 
disodium  derivative  of  diacetyhxcetone. 

This  substance,  \%hich  was  considered  to  be  best  represented  by  the 
formula  : 

^CEt CMe^ 

(J^. 0 ^0 

\CH2-C(:CHy 
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when   boiled    with   concenti-ated   hydrochloric    acid,    is    changed  into 
diruethylethylpyrone, 

x,CEt-CMe^ 

C^ 0 ^0 

\CH=CMe/ 

Also  a  similar  compound  was  obtained  by  the  action  of  n-piopyl 
iodide  on  the  disodiiim  derivative. 

The  present  investigation  was  undertaken  in  order  to  see  if  analo- 
gous compounds  could  be  obtained  by  the  action  of  ethylene  dibromide 
and  propylene  dibromide  on  the  disodium  derivative  of  diacetjd- 
acetone. 

It  was  expected  that  two  molecules  of  sodium  bromide  would  be 
formed,  and  that  rearrangement  and  subsequent  loss  of  water  would 
result  in  the  formation  of  substances  of  similar  type  to  that  referred 
to  above,  and  that  the  group  'CHo'CH.,'  would  be  present  in  the  com- 
pound obtained  by  the  action  of  ethylene  dibromide.  This  expectation 
has  been  realised,  for  after  separation  from  resinous  substances,  which 
formed  in  considerable  quantity  during  the  course  of  the  reaction,  a 
pale  yellow  oil  was  obtained  which  distilled  at  270°  under  a  reduced 
pressure  of  20  mm. 

After  standing  for  a  few  days,  this  oil  solidified  to  a  pale  yellow 
solid  of  low  melting  point,  which,  on  analysis,  gave  the  formula 
CgHj^Oo.  It  not  only  at  once  decolorised  a  solution  of  bromine  in  carbon 
tetrachloride  without  evolution  of  hydrogen  bromide  amongst  other 
properties,  but  in  appearance  also  was  exactly  similar  to  the  substance 
prepared  by  tlie  action  of  ethyl  iodide  on  the  disodium  derivative. 

The  experiments  made  with  the  substance  and  its  observed  pro- 
perties (see  later)  have  suggested  that  its  constitution  may  be  repre- 
sented by  a  formula  having  a  structure  as  far  as  possible  in  accordance 
with  the  one  referred  to  above. 

It  is,  therefore,  proposed  to  write  it  thus  : 

CHg ;^C CMe^ 

I  C^ 0 m 

CH, \CH-C(:CH2K 

Writing  the  disodium  derivative  of  diacetylacetone  as 
CH3-C(ONa):CH-CO'CH:C(ON'a)-CH3, 
its  formation  may  be  explained  as  follows  : 


CH3-C(OiNa;):CH-CO-CH:C(0!Na;)-CH3 

iBr  :0H2 CH,;  Br  \  — > 


,COv 


CH„-CO-CH  CH-CO-CHo. 

3,1  3 

CHo         CHo 
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Rearrangement  with  the  elimination  of  water  then  gives 


CH3-C(iOH|):C 


CHg       CETg 


CH„ 7C==CMe . 

CH, -^CH-C(:CH2)/ 


whicli  may  be  written  in  the  tautomeric  form, 

CH2 :zC CMe^ 

I  C^— O >0. 

CH2       \cH-c(:cH2K 

corresponding  to  that  of  the  ethyl  derivative  : 

^CEt CMe^ 

C^ O ^0. 

\CHo-C(:CH2)/ 

Tlie  result  of  the  action  of  propylene  dibromide,  CHg'CHBr'CHoBr, 
on  the  disodium  derivative  was  an  oil  which  was  similar  to  that 
obtained  by  the  action  of  ethylene  dibromide  ;  it  distilled  at  274^  under 
a  reduced  pi-essure  of  20  mm.,  and  solidified  on  standing  to  a  pale 
yellow  solid.  The  oil  decomposes  on  attempting  to  distil  it  at  the 
atmospheric  pi-e-sure.  On  analysis  it  gave  the  formula  C^qH^.^Oo,  and 
as  it  shows  exactly  similar  properties  to  the  ethylene  derivative,  pi'e- 
sumably  has  a  corresponding  .structure,  but  contains  the  group 
•CHMe-CH/  in  place  of  •CH.^-CH.^-,  thus  : 

CHMe ;zC CMe^. 

I  C^ 0 %0. 

CH2 \CH-C{:CH3)/ 

The  action  of  trimethylene  bromide  on  the  disodium  derivative  of 
diacetylacetone  resulted  in  the  formation  of  a  viscous  substance, 
which  on  distillation,  even  under  reduced  pressure,  changed  to  tar. 

Since  dimethylpyrone  reacts  with  ammonia  to  form  kxtidone,  thus  : 

0^0— ^C  +  NH3  =  NH<^;;^^:^,g>  CO  +  H,0, 
^CMe-CH^  <^iVie.^±i 

experiments  Avere  made  with  the  view  of  ascertaining  if  a  similar 
i"eaction  might  occur  in  the  case  of  the  compounds  under  investigation. 
This  was  found  to  be  the  case,  for  on  heating  the  ethylene  derivative 
with  concenti^ated  ammonia  in  a  sealed  tube  at  140°,  a  pale  yellow 
solid  Avas  obtained,  which  had  the  composition  CgH^j^ON,  suggestive  of 
the  structure 

C  H., yC CMev 

I     "        C0<  >NH, 

CH2 — \CH  •C(:CH,)/ 
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if  we  assume  the  structural  formula  for  the  ethylene  dei'ivative  to  be 
that  proposed  above.  The  existence  of  the  ICICHj  group  in  these 
compounds  was  proved  by  oxidising  with  dilute  chromic  acid  solution 
and  distilling.  The  strongly  acid  distillate,  after  being  neutralised 
with  dilute  sodium  hydroxide  solution,  at  once  reduced  an  ammoniacal 
solution  of  silver  nitrate,  indicating  that  the  'CHg  group  had  been 
oxidised  to  formic  acid  (compare  Trans.,  1906,  89,  1228). 
Perhaps  the  most  interesting  property  of  the  compound, 

CH, 7C CMe,. 

I  C^ 0 >, 

CH2 \cH-c(:cH2K 

is  that  on  boiling  it  with  concentrated  hydrochloxnc  acid  for  several 
hours,  it  undergoes  isomeric  change  and  forms  the  hydrochloride  of  a 
pyrone  derivative,  namely  : 

CH.,— — ^(J-CMe.\ 

CH, \c:CMe^ 

A  similar  change  occurs  when  the  propylene  derivative  is  heated  with 
concentrated  hydrochloric  acid.  Both  substances,  after  being  thus 
treated,  no  longer  give  formic  acid  as  the  result  of  oxidation  with 
dilute  chromic  acid,  and  resemble  the  alkyl  tlerivatives  of  dimethyl- 
pyrone  already  described  {Joe.  cii.)  by  the  author. 

Much  difficulty  was  experienced  before  the  conditions  necessary  for 
success  wei'e  discovered.  It  would  seem  that  an  essential  factor  is  the 
absence  of  water. 

The  disodium  derivative  of  diacebylacetone  has  the  constitution 
CjYi ^0^'Na..2,2}l.f>  when  prepared  by  dissolving  dimethylpyrone  in 
95  per  cent,  alcohol  and  adding  a  solution  of  sodium  ethoxide  (the 
calculated  quantity)  also  in  95  per  cent,  alcohol.  On  heating  the 
mixture  on  the  water-bath  the  above  hydrated  form  is  obtained, 
which  is  insoluble  in  boiling  alcohol  and  can  be  separated  by  filtration. 
If  this  is  dried  on  the  water-bath  under  reduced  pressure,  it  loses 
a  molecule  of  water  and  becomes  C^KyOgNaojHoO. 

The  anliydrous  disodium  derivative  is  made  by  acting  on  dry 
diacetylacetone  (prepared  from  the  barium  salt  of  dimethylpyrone) 
suspended  in  dry  alcohol  with  sodium  ethoxide  solution,  formed  by 
dissolving  sodium  in  dry  alcohol.  The  anhydrous  compound,  G^HgOgNag, 
separates  and  can  be  filtered  off. 

In  the  earlier  experiments  the  hydrated  derivatives  were  employed, 
although  it  was  feared  that  tlie  presence  of  water  might  lead  to 
disappointing  yields  of  the  desired  product,  as  was  experienced  when 
experimenting  with  the  alkyl  iodides.  This  proved  to  be  the  case, 
since   dimethylpyrone    and   sodium    bromide   were   obtained    in    large 
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amount  as  the  result  of  the  interaction  of  ethylene  diljromide  and  the 
hydiated  disodium  derivatives,  but  very  small  quantities  of  the  oil 
described  below.  This  may  be  explained  by  the  possibility  of  the 
hydrated  derivative  reacting  thus  : 


aH„o. 


2  ■  BrJCH,     HO;H     ^        -     »    ^  2022 


■■2 


When  the  anhydrous  disodium  derivative  was  used,  fairly  good 
yields  were  obtained,  and  this  variety  was  employed  in  all  the  pre- 
parations subsequently  made. 

Experimental. 

The  Action   oj    Ethylene    Uibromide    on    the    Disodium    Derivative    of 

Diacetylacetone. 

Twenty-eight  grams  of  the  anhydrous  disodium  derivative, 
C7H803Na2,  were  suspended  in  150  c.c.  of  dry  alcohol  and  31  grams 
(a  slight  excess)  of  ethylene  dibromide  were  added ;  this  mixture  was 
heated  on  the  water-bath  for  about  five  hours.  A  large  quantity  of 
sodium  bromide  separated  out  and  the  contents  of  the  flask  were 
neutral.  The  sodium  bromide  was  separated  by  filtration  and  most 
of  the  alcohol  was  evaporated  on  the  water-bath.  Ou  adding  water  to 
a  portion  of  the  remaining  liquid,  an  insoluble  oil  separated  out. 
Water  was  then  added  to  the  whole  of  the  liquid  :  it  was  well  shaken 
and  extracted  with  chloroform  and  distilled  under  a  reduced  pressure 
of  20  mm.,  after  removal  of  the  chloroform. 

About  6  grams  of  a  pale  yellow  oil  distilled  at  constant  b.  p.  270° 
(20  mm.),  after  which  the  thermometer  rose  and  the  remainder  began 
to  decompose  at  higher  temperatures. 

Several  preparations  were  carried  out  as  above  and  a  total  yield  of 
nearly  25  grams  obtained.  The  oil  decomposed  on  attempting  to 
distil  it  at  atmospheric  pressure. 

A  qualitative  examination  proved  the  absence  of  bromine  in  the 
compound.  After  standing  for  a  few  days  it  solidified,  forming  a  pale 
yellow  solid  of  a  non-crystalline  character,  which  melted  betwten 
62°  and  63°.     On  analysis  : 

(I)  0-1940  gave  05119  CO,  and  0'1]60  H^.      0  =  71-9  ;  H  =  6-6. 

(2)0-2015     „     0-5310  CO2    „    01219  H^O.     0  =  71-8  ;  H  =  6-7. 
C^H^gOg  requires  0  =  72-0;  H  =  6-6  per  cent. 

A  molecular- weight  determination  by  the  boiling  point  method  was 
carried  out,  benzene  being  employed  as  the  solvent. 

0-1632  of  substance  in  14'15  of  benzene  caused  a  rise  of  019°  in 
boiling  point,  corresponding  to  a  molecular  weight  of  162  ; 
OgH^A^lSO. 
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The  compound  is  insoluble  in  water,  but  dissolves  easily  in  alcohol, 
chloroform,  or  ether,  and  in  most  organic  solvents.  Acetic  acid 
readily  dissolves  it,  but  hydrochloric  acid  very  slowly  attacks  it, 
producing  isomeric  change. 

Ferric  chloride  solution  gives  no  coloration,  indicating  the  absence 
of  a  hydroxyl  group  in  the  molecule.  All  attempts  to  prepare  an 
oxime  and  an  hydrazone  failed,  suggesting  the  absence  of  doubly 
bound  oxygen  as  a  carbonyl  group.  The  reasons  for  assuming  the 
presence  of  the  unsaturated  group  lOICHg  have  been  already  given. 

Action  of  Sodium  Hydroxide. — Cold  sodium  hydroxide  solution 
dissolves  the  substance,  giving  a  yellow  solution  which  becomes  red  on 
Avarming.  When  heated  with  sodium  hydroxide,  alcohol,  and  chloro- 
form it  gives  a  deep  red  solution,  which  on  dilution  with  water  shows 
a  beautiful  green  fluorescence.  This  suggests  that  a  derivative  of 
orcinol  may  have  been  formed  in  the  following  manner,  the  five- 
membered  ring  being  stable  towards  alkali  : 

CHo -^0 — CMe^  CH, rCICMeOH 

I     ^     U(- O ^)0      ^_^^       I     "   C(OH)<' 

CH2- \CH-C(:CH2K  CH2 ^C-C(ONa):CH., 

Intermediate  compound. 

CH., -7C=CMe\    ' 

-^        I     -    C(OH)<  >H. 

CH„ ^C-C(OH)^ 

Action  of  Hydrochloric  Acid.  Dimethylethylenepyrone  hydrochloride, 
(C9HjQ02)2HCl,2tl20. — Two  grams  of  the  compound  were  boiled  with 
concentrated  hydrochloric  acid  in  a  flask  attached  to  a  reflux  condenser 
for  six  hours.  Most  of  it  had  then  gone  into  solution  and  a  test 
portion  of  the  liquid  on  evaporation  deposited  white,  needle-shaped 
crystals.  These  ci-ystals  were  quite  stable  at  the  ordinary  tempera- 
ture, but  are  decomposed  by  water,  and  on  being  heated  in  a  test-tube 
they  lose  water  and  hydrogen  chloride.  The  remainder  of  the  liquid 
was  evaporated  and  the  crystals,  after  being  dried  on  a  porous  plate, 
were  analysed.     On  titration  with  decinormal  silver  nitrate  solution  : 

0*15  required  3 '9  c.c.  of  the  silver  solution,  this  being  equivalent  to 
0-01385  chlorine.     CI  =  9-23. 

{Q^'K^f>^).^C\,2llfi  requires  CI  =  9-53  per  cent. 

Platinichloride  of  Dinieihylethylenejyyrone,  (Cf,H,Q02)2H2PtClg,2HoO. 
— If  platinic  chloride  is  added  to  a  solution  of  dimethylethylenepyrone  in 
hydrochloric  acid,  a  yellow  jylatinichloride  separates  out  on  gently 
warming  and  stirring  the  mixture  with  a  glass  lod.  This  salt  can  be 
recrystallised  by  di;-solving  it  in  warm  water,  in  which  it  is  sparingly 
soluble,  and  allowing  the  aqvieous  solution  to  evaporate.  If  the 
solution  is  boiled  it  decomposes,  giving  a  resinous  material  containing 
platinum.     After  drying  on  a  porous  tile  in  a  desiccator,  some  of  the 
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compound  was  anal}-sed.  That  the  platinichloride  pi^epared  as 
described  above  possessed  water  of  crystallisation  was  rendered  evident 
by  heating  some  in  a  test-tube,  when  water  was  evolved  : 

0-2365  gave  0-2502   CO.,,   0-0746  HgO,  and  00617  Pt.     C  =  28-8; 
H-3-5;  P  =  261. 
CjgHoeOgClgPt  requires  0  =  28-9  ;  H-3-5  ;  Pt  =  26-1  per  cent. 

Action  of  Ammonia. — One  gram  of  the  compound  was  dissolved  in 
concentrated  ammonia  solution  and  the  mixture  heated  in  a  sealed 
tube  for  five  hours  at  135 — 140°.  The  contents  of  the  tube  were 
then  placed  in  a  distilling  flask  and  distilled  under  reduced  pressure. 
After  the  ammonia  and  water  had  passed  over,  about  half  a  gram  of 
a  pale  yellow  oil  was  collected  between  280°  and  285°  (25  mm!).  This 
was  allowed  to  stand  for  a  few  days  in  a  vacuum  desiccator,  when  it 
solidified  to  a  pale  yellow  solid,  which  melted  between  97°  and  98°.  A 
qualitative  examination  showed  the  presence  of  nitrogen.  Oxidation 
with  dilute  chromic  acid  solution,  as  described  above,  and  the  action  of 
bromine  dissolved  in  carbon  tetrachloride,  afforded  evidence  that  the 
ICICFIg  group  remained  unchanged  in  the  molecule  : 

0-1500  gave  0-3978  CO2  and  0-1025  HgO.     C  =  72-3  ;  H  =  7-6. 

0-1250     „     10-4  c.c.  moist  nitrogen  at  16°  and  764  mm.     N  =  9-7. 
CgHi^ON  requires  C  =  72-5  ;  H  -  7-4  ;  N  =  9-4  per  cent. 

Tlie  Action  of  Propylene    Dibromide  on    the    Disodiiun    Derivative    of 

Diacetylacelone. 

With  the  expectation  that  by  employing  propylene  dibromide, 
CH'MeBr'CHgBr,  compounds  would  be  obtained  similar  to  those  pro- 
duced by  the  action  of  ethylene  dibromide,  several  expei'iments  were 
made  with  this  substance.  The  method  of  procedure  was  identical 
with  that  employed  in  the  investigation  of  the  action  of  ethylene 
dibromide  on  the  anhydrous  disodium  derivative,  but  a  considerable 
excess  of  propylene  dibromide  was  employed.  The  yields  of  the  pro- 
pylene derivative  were  comparatively  small.  Starting  with  20  grams  of 
the  anhydrous  disodium  derivative  in  each  preparation,  only  from  2  to 
3  grams  of  a  pale  yellow  oil  were  obtained,  which  distilled  at  274°  under 
20  mm.  pressui-e.  The  oil  decomposes  into  a  tarry  product  on  attempting 
to  distil  it  under  the  ordinary  atmospheric  pressure.  After  standing  for 
a  few  days  in  a  vacuum  desiccator  it  solidified  to  a  pale  yellow  solid, 
which  melted  at  66 — 67°.     On  analysis  : 

(1)  0-1652  gave  0-4415  COg  and  01098  H.p.     C  =  72  9;  H  =  7-4. 

(2)0-1925      „     0-5154  CO2    „    0-1305  H^O.     C  =  73-0 ;  H  =  7-5. 
CjoH^20o  requires  C  =  73-l  ;  H  =  7-3  per  cent. 

The  compound  is  insoluble  in  water  and  resembles  the  corresponding 
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ethylene  derivative  in  all  its  reactions.  Like  this  derivative,  it  un- 
doubtedly undergoes  isomeric  change  to  a  pyrone  derivative  on  boiling 
with  concentrated  hydrochloric  acid,  since  the  product,  after  distilla- 
tion with  dilute  chromic  acid,  failed  to  give  any  formic  acid,  as  might 
be  expected  if  the  '.C'.GH.^  group  had  i-emained  unaltered. 
CHMe — -^C CMe^ 

The  formula    |  c<^ 0 -^0  appears  to  explain  satis- 

CHg \CH-C(:CH2)/ 

factorily  all  its  reactions  and  has,  therefore,  been  adopted.  The  action 
of  trimethylene  bromide,  CH2Br'CH2*CH2Br,  on  the  disodium  deriv- 
ative of  diacetylacetone  was  investigated,  but  repeated  attempts  only 
resulted  in  the  formation  of  a  brown,  viscous  substance  containing 
bromine,  which  on  distillation  under  35  mm.  pressure  changed  to  tar. 
This  substance  was  formed  after  heating  a  mixture  of  trimethylene 
bromide  and  the  anhydrous  disodium  derivative  for  two  days  on 
the  water-bath. 

It  would  appear  from  the  above  experiments  and  from  those  desciibed 
in  the  previous  communication  {loc.  cit.)  that  both  the  alkyl  and 
alkylene  halides  of  higher  molecular  weight  react  with  great  difficulty 
with  the  disodium  derivative  of  diacetylacetone  and  then  to  give  very 
unstable  compounds.     The  remarkable  faculty  for  undergoing  isomeric 

^CEt CMe^ 

change  possessed  by  the  ethyl  derivative,  Q>~ 0 -^0,   when 

heated  with  acids  and  alkalis  is  also  shared  with  the  ethylene  derivative 
described  above,  and  these  compounds  well  illustrate  the  property 
common  to  several  diacetylacetone  derivatives  of  readily  condensing  to 
form  orcinol  compounds.  The  bridged  ring  formulae  have  been  con- 
sidered to  best  explain  the  reactions  of  these  compounds,  although  the 
disodium  derivative  of  diacetylacetone  probably  possesses  an  open  chain 
structure  (compare  Willstatter  and  Pummerer,  i?er.,  1905,  38,  14G1). 

In  conclusion,  the  author  desires  to  express  his  best  thanks  to 
Professor  Collie  for  the  continuance  of  his  valuable  advice  and 
suggestion  during  the  progress  of  these  experiments. 

The  Organic  Chemistry  Laboratory, 
University  College, 
London. 
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LVl. —  Volume     Changes     tvhich     Accompany     Trans- 
formations in  the  System  NaoSgOy :  oHoO. 

By  Harry  Medf^ortu  Dawson  and  Colin  Gyrth  Jackson. 

In  the  course  of  some  experiments  on  the  lowering  of  the  temperature 
at  which  sodium  thiosulphate  pontahydrate  is  transformed  into  the 
dihydrate,  certain  observations  were  made  relative  to  the  crystallisa- 
tion of  supercooled  solutions  which  appeared  to  warrant  a  closer 
examination  of  the  possible  changes  in  the  system  Na2S203  :  SHgO. 

A  paper  by  S.  W.  Young  and  J.  P.  Mitchell  on  supercooled  fusions 
and  solutions  of  sodium  thiosulphate  (./.  Amer.  Chem.  Soc,  1904,  26, 
1389)  escaped  our  notice  until  a  considerable  amount  of  experimental 
work  had  been  done,  and  the  publication  of  numerous  solubility  data 
has  been  rendered  unnecessary  by  the  appearance  of  the  above- 
mentioned  and  by  a  later  paper  by  Young  and  W.  E.  Burke  {ibid., 
1906,  28,  315)  on  the  hydi-ates  of  sodium  thiosulphate. 

On  this  account  the  present  communication  deals  almost  entirely 
with  the  observations  made  in  the  study  of  the  volume  changes  which 
accompany  transformations  in  the  system  containing  5  mols.  of  water 
per  mol.  of  sodium  thiosulphate. 

In  this  investigation  a  number  of  dilatometers  have  been  subjected 
to  a  succession  of  temperature  changes  extending  over  many  months. 
The  dilatometers  containing  known  quantities  of  reciystallised  sodium 
thiosulphate  (Na.,S.,03,5HoO)  and  of  heavy  petroleum  to  serve  as  index 
fluid  were  heated  in  a  thermostat,  the  temperature  of  which  could  be 
maintained  constant  within  the  limits  ±0'05°.  The  volume  of  the 
contained  system,  which  is  read  off  on  the  gi-aduated  capillary  stem 
of  the  dilatometer,  varies  with  the  nature  of  the  component  phases, 
and  it  has  been  found  that  by  suitable  thermal  treatment  the  volume 
may  at' one  and  the  same  temperature  assume  several  different,  but 
yet  perfectly  defined,  values. 

The  volume  differences  are  most  readily  seen,  and  the  conditions 
under  which  the  various  forms  of  the  system  have  been  obtained  can 
be  most  easily  described  by  reference  to  the  appended  diagram. 

In  this,  temperatures  are  represented  on  the  abscissa  and  dilato- 
meter readings,  the  differences  between  which  measure  the  changes  in 
volume  investigated,  are  plotted  as  ordinates. 

In  discussing  the  volume  relationships,  the  very  convenient  nomencla- 
ture introduced  by  Young  and  Burke  {loc.  cit.)  for  the  purpose  of  group- 
ing the  various  hydrates  of  sodium  thiosulphate  will  be  used.  Curve  (1) 
in  the  diagram  represents  the  volume  at  a  series  of  temperatures  when 
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the  system  NaoS^Os  •^-'^■'^-^  ^•'^  ^'^  ^'^^  form  of  ordinary  sodium  thiosulphate 
— primary  pentahydrate.  When  maintained  for  a  sufficiently  long 
time  at  a  constant  temperature  above  48°,  the  primary  pentahydrate 
is  transformed,  and  either  partial  or  complete  liquefaction  takes  place. 
Which  of  these  changes  will  occur  under  given  conditions  cannot  be 
predicted.  It  is  not  entirely  a  question  of  temperature,  for  whereas 
complete  liquefaction  took  place  when  the  primai'y  pentahydrate  was 
heated  at  49°,  50°,  and  52°,  yet  at  51°  the  liquefaction  was  only  partial 
and  a  small  quantity  of  a  new  solid  phase  appeared.  Furthermore, 
in  a  series  of  tubes  containing  pentahydrate  which  were  slowly  heated 
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in  a  large  water-bath  under  exactly  similar  conditions,  superheating, 
resulting  in  complete  liquefaction,  was  observed  in  about  60  per  cent, 
of  cases,  partial  liquefaction  in  the  remaining  40. 

On  cooling  the  dilatometer  containing  the  system  Na^SoOg  :  SH.^O  in 
the  liquid  condition,  the  volume  temperature  curve  (6)  was  obtained. 

The  composition  of  the  crystals,  which  appear  on  partial  liquefaction 
of  the  primary  pentahydrate,  was  determined  by  i-lowly  evaporating 
a  concentrated  solution  of  sodium  thiosulphate  in  a  jacketed  thermo- 
stat at  a  temperature  of  50 — 55°.  When  crystallisation  had  com- 
menced, the  solution  was  allowed  to  cool   slowly  out  of  contact  with 
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the  air,  when  large,  well-formed  crystals  separated  out.  lu  order  to 
remove  these  in  a  pure  condition,  the  temperature  was  raised  to  about 
55°,  the  mother  liquor  poured  olf,  and  the  crystals  washed  with  a 
mixture  containing  80  per  cent,  of  methyl  alcohol  and  20  per  cent, 
of  water  which  had'  been  also  heated  to  the  same  temperature. 
Analysis  of  the  crystals  gave  numbers  corre -ponding  almost  exactly 
with  the  formula  Na2S203,2H20. 

On  cooling  the  dilatomoter  in  which  crystals  of  this  dihydrate 
■ — primary  dihydrate — had  formed,  and  shaking  the  contents  so  as  to 
ensure  the  attainment  of  equilibrium  between  the  solid  and  liquid 
phases  at  each  observation  temperature,  the  volume  temperature  curve 
(4)  was  obtained.  Along  this  curve  the  ."system  is  represented  by  an 
equilibrium  mixture  of  pi'imary  dihydrate  and  its  saturated  solution. 
The  temperature  of  disappearance  of  the  dihydrate,  at  which  curve 
(4)  intersects  curve  (6)  was  determined,  in  a  more  exact  manner  than 
is  possible  in  the  dilatometer  itself,  by  rotating  sealed  tubes  containing 
the  system  Na^SgOg  :  5H2O  in  the  form  of  primary  dihydrate  and 
saturated  solution  in  a  water-bath  with  glass  sides,  the  temperature  of 
this  being  slowly  i-aised.  In  this  way  the  two  curves  were  found  to 
intersect  at  54°. 

When  the  dilatometer  containing  supercooled  liquid  of  the  com- 
position NagSgOg  :  5H2O  is  subjected  to  a  temperature  between  -10'- 
and  -  20°,  complete  solidification  takes  place  and  secondary  penta- 
hydrate  separates  in  the  form  of  long  needle-shaped  ci'ystal.s  (Par- 
mentier  and  Amat,  ComjJl.  reni.,  1884,  98,  735).  With  the  system 
in  this  form  the  volume  temperature  curve  (2)  was  obtained.  There 
is  an  uppei"  limit  to  this  curve,  for,  at  about  30°,  partial  liquefaction 
accompanied  by  increase  in  volume  occurs  and  a  new  system,  charac- 
terised by  its  own  volume  temperature  curve,  is  formed.  The  com- 
position of  the  hydrate  resulting  from  the  transformation  of  secondary 
pentahydrate  was  determined  by  operating  in  a  manner  similar  to 
that  employed  in  the  separation  of  primary  dihydrate,  and  the 
analytical  data  correspond  with  the  formula  ]SraoS2  03,4H20.  The 
new  system  formed  at  30"  is  thus  represented  by  a  mixture  of  the 
tetrahydrate  (secondary  tetrahydx'ate)  and  its  saturated  solution.  By 
raising  and  lowering  the  temperature  and  agitating  the  contents  of  the 
dilatometer  to  obtain  equilibrium  between  the  solid  and  liquid  phases, 
the  volume  temperature  curve  (3)  was  realised.  At  39 "5°  the  solid 
phase  disappears  and  this  is  the  temperature  at  which  curve  (3) 
intersects  curve  (6).  The  portion  of  cui-ve  (3)  below  30^  corresponds 
with  a  supercooled  condition.  Young  and  Burke  {loc.  cit.)  express 
the  opinion  that  the  system,  secondary  tetrahydrate  and  saturated 
solution,  cannot  be  cooled  below  the  temperciture  of  formation  of 
secondary     tetrahydrate     from     pentahydrate,  but  we    have    on    two 
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occasions  succeeded  in  cooling  the  system  to  25°,  thereby  obtaining 
a  perfectly  definite  dilatometer  reading  corresponding  to  a  volume 
which  is  considerably  greater  than  the  volume  of  the  system  in 
the  form  of  secondary  pentahydrate. 

The  volume  temperature  curve  (5)  remains  to  be  discussed.  When 
the  dilatometer  containing  supercooled  liquid  was  allowed  to  stand 
at  the  room  temperature  for  some  days  (in  some  cases  weeks),  well- 
formed  crystals  separated  out  slowly  in  small  quantity.  Crystals 
which  separated  under  similar  conditions  from  the  same  liquid  con- 
tained in  sealed  tubes,  gave  on  analysis  numbers  corresponding  with 
the  monohydrate  i^agS^OgjH.^O.  The  volume  temperature  curve  for 
the  system  monohydrate  and  saturated  solution  is  somewhat  difficult  to 
realise  on  account  of  the  slowness  with  which  equilibrium  between  the 
solid  and  liquid  phases  is  attained.  The  comparatively  large  size  of 
the  crystals  and  the  difficulty  of  agitating  the  contents  of  the  dilato- 
meter at  constant  temperature  for  long  periods  of  time  prevented 
the  determination  of  the  volume  of  the  sy.steai  at  gradually  increasing 
temperatures,  but  by  cooling  in  ice  for  several  days  a  constant  reading 
of  the  dilatometer  was  obtained,  and  this  gives  a  point  on  the  curve 
(5)  at  0°.     By  rotating  sealed  tubes  containing  the  system 

Na2S.p3 :  SH.O 
in  the  form  of  monohydrate  and  saturated  solution,  the  tempei'ature 
of  disappearance  of  the  solid  phase  was  found  to  be  31*3",  which  is 
therefore  the  temperature  at  which  curve  (5)  cuts  curve  (G). 

A  special  interest  attaches  to  these  observations  with  the 
dilatometer  in  that  the  different  forms  in  which  the  system 

Na.S^Og :  SH^O 
can  exist  at  a  particular  temperature  are  clearly  indicated  by  different 
scale  readings,  each  corresponding  to  a  definite  volume.  At  25°,  for 
example,  the  volume  has  been  found  to  have  at  least  six  different 
values  corresponding  to  the  following  forms  :  (1)  primary  panta- 
hydrate  ;  (2)  secondary  pentahydrate ;  (3)  secondary  tetrahydrate  and 
saturated  solution ;  (4)  primary  dihydrate  and  saturated  solution  ; 
(5)  secondary  monohydrate  and  saturated  solution  ;  (6)  liquid.  Re- 
ferred to  the  formula  weight  (NagS^Og  :  5H2O)  in  grams,  the  volume 
of  the  system  in  these  various  forms  is,  142'30,  14638,  14703,  148"34 
(14908),  and  149-13  c.c.  respectively. 

According  to  the  observations  of  Young  and  Burke  (/oc.  cit^,  all  the 
possible  forms  of  the  system  Na.^S.^Og  :  ^^.f>  at  25°  have  not  been 
realised  in  our  dilatometer  expariments.  Supercooled  fusions  of 
the  pentahydrate,  when  cooled,  are  said  to  yield  occasionally  an 
opaque  mass  of  crystals  consisting  of  a  mixture  of  hexahydrate 
(tertiary  or  quaternary)  and  anhydrous  salt.  At  aboat  14°  the 
hexahydrate  is  transformed  into  tertiary  sejquihydrate,  2Na2SoOg.3H2'^^>- 
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or  iuto  a  quaternary  hydrate  of  the  coiuposition  3Na28.^03,4H20,  aad 
according  to  solubility  data  it  should  be  possible  to  obtain  the  system 
Na.,S.,03  :  5H,0  in  the  form  of  each  of  these  hydrates  and  tlie  corre- 
sponding saturated  solution.  A  further  form  of  the  system, 
quaternary  dihydrate  and  saturated  solution,  is  also  possible  accoid- 
ing  to  solubility  data  (Youug  and  Burke,  loc.  cit.).  In  our  experi- 
ments the  formation  of  hexahydrate  from  supercooled  fusions  of 
primary  pentahydrate  has  not  been  observed  and  the  conditions  for 
the  three  last-mentioned  forms  of  the  system  have  in  consequence  not 
been  attained. 

The  stable  form  of  the  system  below  48°  is  that  represented  by 
the  primary  pentahydrate,  and  in  the  course  of  the  investigations  the 
transformation  of  the  forms  (2),  (5),  and  (6)  into  (1)  has  been  observed 
at  the  room  temperature.  It  should,  however,  be  stated  that  the  possi- 
bility of  inoculation  by  nuclei  was  not  positively  excluded  under  the 
conditions  of  the  experiments,  for  the  dilatometers  were  not  hermetic- 
ally sealed,  although  the  contents  were  effectually  prevented  from 
contact  with  the  atmosphere  by  a  long  column  of  petroleum  in  the 
capillary  stem  of  the  instrument. 

The  transformation  of  secondary  pentahydrate  into  the  stable 
primary  form  affords  an  interesting  lecture  experiment.  A  glass 
tube  closed  at  one  end,  30 — 40  cm.  long  and  about  1  cm.  in  diameter, 
is  almost  filled  with  the  liquid  obtained  by  heating  ordinary  sodium 
thiosulphate  at  70  —  80°,  and  after  being  closed  with  a  well-fitting 
cork  is  cooled  in  a  mixture  of  ice  and  salt.  The  liquid  solidifies 
completely  and  the  resulting  secoudary  pentahydrate  presents  a  more 
or  less  translucent  appearance.  If  a  crystal  of  the  ordinary  hydrate 
is  dropped  into  the  tube,  transformation  of  secondary  into  primary 
pentahydrate  begins  at  once,  and  a  considerable  quantity  of  heat  is 
developed.  On  account  of  the  opaque  appearance  of  the  transformed 
mass,  the  suiface  of  separation,  which  moves  steadily  down  the  tube,  can 
be  readily  seen  from  a  considerable  distance.  The  opacity  of  the  result- 
ing primary  pentahydrate  is  probably  connected  with  the  contraction 
in  volume  which  accompanies  its  form.itiou  from  the  secondary  form. 
Experiments  are  now  being  made  to  determine  the  velocity  with 
which  this  surface  of  transformation  is  propagated  under  varying 
conditions. 

The  leadings  obtained  with  carefully  calibrated  dilatometers  con- 
taining known  quantities  of  sodium  thiosulphate  permit  of  a  very 
accui-ate  determination  of  the  specific  gravity  of  the  primary  and 
secondary  pentahydrates,  for  the  volumes  of  these  can  be  directly 
compared  with  the  volume  of  the  supercooled  liquid,  the  specific 
gravity  of  whicli  was  determined  by  means  of  a  pyknometer.  For 
the  specific  gravity  of  the  primary  pentahydrate   the  following   values 
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have  been  giveu  :  1"734  (Schiif,  Annalen,  1860,  113,  350)  ;  1'736  at  10° 
{Ko^^,  An7ialeH,  1855,93,  129);  1-729  at  17°  (Dewar,  Chem.  News, 
1902,  85,  289).  By  extrapolation,  fiom  measurements  of  the  specific 
gravity  of  less  concentrated  solutions,  Schiif  {Annalen,  1860,  113, 
188)  obtained  D\T  =  16659  for  a  solution  of  the  composition 

Na2S203,5H20. 
These  numbers  all  appear  to  be  too  small.     The  values  which  we  have 
obtained  for  Df  are  (1)  liquid  NaoS.Pg.SH^O,   1-6730;   (2)    primary 
pentahydrate,  1-750  ;  (3)  secondary  pentahydrate,  1-702. 

The  University, 
Leeds. 


LVII. — The  Constitution  of  Chaulmoogric  and  Hydno- 

carpic  Acids. 

By  Marmaduke  Barrowcliff  and  Frederick  Belding  Power. 

In  a  previous  communication  on  "  The  Constituents  of  Chaulmoogra 
Seeds"  (Power  and  Gornall,  Trans.,  1904,  85,  838)  the  isolation 
of  a  new,  unsaturated,  optically  active  acid  was  described.  This 
acid,  designated  chaulmoogric  acid,  melted  at  68°,  had  [ajo  +56°,  and 
was  ^hown  to  possess  the  formula  CjgH3._,02.  Although  isomeric  with 
linolic  acid,  it  combined  with  only  two  atomic  proportions  of  bromine 
or  iodine,  and  must,  therefore,  contain  in  its  structure  both  a  closed 
ring  and  an  ethylenic  linking. 

In  a  subsequent  communication,  entitled  "  The  Constitution  of  Chaul- 
moogric Acid,  Part  I  "  (Trans.,  1904,  85,  851),  several  derivatives  of 
tbis  new  acid  were  described.  It  was  also  shown  that,  for  an  unsatu- 
rated compound,  it  exhibited  certain  remarkable  properties,  since  it 
was  unattacked  by  fused  alkalis,  even  at  300°,  and  when  boiled  with 
sodium  and  amyl  alcjhol  the  ethylenic  linking  was  not  reduced. 

When  oxidised  in  alkaline  solution  with  potassium  permanganate, 
dihydroxydihydrochaulmoogric  acid,  CjsH3202(OII)2,  was  obtained, 
together  with  formic  acid,  and  an  acid  possessing  the  formula 

C,,H280(C02H).,.* 

The  authors  have  extended  the  study  of  chaulmoogric  acid,  more  especi- 
ally with  regard  to  the  products  furnished  by  its  oxidation  with 
potassium  permanganate.  The  present  communication  embodies  the 
results  obtained,  and  the  conclusions  which  may  bo  drawn  from  th.m 
respecting  the  constitution  of  this  acid. 

*  An  ester,  to  which  the  formula  Ci5H28(C02Et)2  was  previously  ascribed,  has  now 
been  found  to  have  consisted  of  impure  ethyl  dodec-iuedicarboxylate.     No  acid  of 
the  foinmla  CigHggtCOoH).,  is  produced  by  the  oxidation  of  chaulmoogric  acid. 
VOL.    XCI.  P   P 
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When  a  dilute  aqueous  solution  of  cliaulmoogiic  acid  in  an  excess  of 
potassium  hydroxide  is  treatedat  temperatuies  below  10°  with  an  amount 
of  potassium  permanganate  equivalent  to  one  atomic  proportion  of 
oxygen,  a  considerable  portion  of  the  acid  is  recovered  unchanged. 
This  is  due  to  the  very  sparing  solubility  of  the  potassium  salt  in  water 
at  low  temperatures.  If,  however,  an  amount  of  permanganate 
equivalent  to  2 — 3  atomic  proportions  of  oxygen  is  employed  at  a 
temperature  of  18 — 20°,  two  isomeric  dihydroxydihydrochaulmoogric 
acids  haviug  the  formula  C^gH320.^(OH.)2  can  be  isolated,  whilst  formic 
acid  is  also  produced.  The  acid  to  which  the  name  a-Mhjjdroxydilojdro- 
chaul'inoogric  acid  may  he  applied  melts  at  105 \  aud  has  [a],j  +  11  "6°. 
It  is  identical  with  the  dihydroxy-acid  previously  described  (Power  and 
Gornall,  luc.  cit.).  The  isomeric  acid,  designated  as  ^-dihydroxydihydro- 
chaulmooyric  acid,  melts  at  93'^,  and  has  [aji^   -  14-2°. 

On  repeating  the  oxidation  with  the  use  of  an  amount  of  pex-mangan- 
ate  equivalent  to  four  atomic  proportions  of  oxygen,  an  acid  of  the 
formula  CjgHg^O^  was  produced.  This  was  isolated  in  the  form  of 
its  methyl  ester,  which  had  the  composition  CjgH^^O^,  melted  at 
64°,  and  gave  a  semicarbazone  melting  at  110°.  It  thus  appears  that 
this  is  the  methyl  ester  of  a  hydroxyke/odihydrocluiulmooync  acid.  On 
hydrolysis  with  alcoholic  sodium  hydroxide  this  ester  neutralised  two 
equivalents  of  the  alkali,  notwithstanding  the  fact  that  it  is  derived 
from  a  monocarboxylic  acid.  This  property  is  probably  due  to  the  open- 
ing of  the  ring  by  the  hydrolysis  of  the  grouping  •CH(OH)'CO*,  with 
the  formation  of  the  sodium  salt  of  a  hydroxydicarboxylic  acid, 

The  acid  liberated  from  this  salt  was  found  to  have  the  formula 

^18^32^4' 

but  it  did  nob  again  yield  the  original  ester,  aud  would  therefore  appear 
to  be  a  lactonic  acid,  formed  by  the  elimination  of  a  molecule  of 
water. 

By  the  oxidation  of  chaulmoogric  acid  in  alkaline  solution  with  an 
excess  of  permanganate,  an  amount  of  the  latter  equivalent  to  6 — 7 
atomic  proportions  of  oxygen  was  consumed.  A  tricarboxylic  acid 
(ni.  p.  68°),  haviug  the  formula  CjgH320,;,  was  thus  obtained,  together 
with  7i-dodecanedicarboxylic  acid,  [CHgJi^lCOgH)^,  a  smaller  quantity 
of  n-undecauedicarboxylic  acid,  [CH^,]^^(C0oH)2,  and  still  smaller 
quantities  of  oxalic  and  malonic  acids.  The  tricarboxylic  acid  is  a 
very  stable  compound,  and  the  numerous  attempts  to  obtain  from  it 
such  degradation  products  as  would  throw  light  on  its  constitution 
were  unsuccessful. 

In  order  to  ascertain  whether  the  same  products  would  be  obtained 
under  different  conditions,  an  oxidaiion  of  chaulmoogric  acid  was  con- 
ducted in  acetic  acid  solution.    The  «-dodecanedicarboxylic  acid  and  the 
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tricarboxylic  acid,  Cj^Hg^O^;,  were  again  produced,  and,  in  addition  to 
these,  aketo-dicarboxylic  acid,  Cj^Hg^Oj^  (lu.  p,  128°),  identical  with  the 
acid  of  this  formula  described  in  the  previous  communication  (loc.  cit.). 
"When  this  keto-acid  is  oxidised  in  alkaline  solution  with  an  amount  of 
potassium  permanganate  equivalent  to  three  atomic  proportions  of 
oxygen,  the  principal  product  is  w-dodecanedicarboxylic  acid,  which  is  ap- 
parently associated  with  a  smallquantityof  n-undecanedicarboxylic  acid. 
The  constitution  of  this  keto-acid  may  therefore  be  represented  by  the 

formula      C02H-[CH2]o-rCO-[CH,]io'C02H,    oxidation    taking    place 

principally  at  the  place  indicated  by  the  dotted  line  with  the  production 
of  ra-dodecanedicarboxylic  and  malonic  acids,  and  also,  to  a  much  less 
extent,  at  the  other  side  of  tiie  carbonyl  group,  yielding  n-undecaue- 
dicarboxylic  and  succinic  acids.  The  amount  of  succinic  acid  formed 
was  not  sufficient  to  permit  of  its  identification,  but  malonic  acid,  as 
already  stated,  has  been  identified  as  a  product  of  the  oxidation  of 
chaulmoogric  acid  with  an  excess  of  permanganate.  The  extreme  ease 
with  which  this  keto-acid  is  broken  down  by  alkaline  permanganate 
doubtless  accounts  for  the  fact  that  no  appreciable  amount  of  it  could 
be  isolated  from  the  products  afforded  by  the  oxidation  of  chaulmoogric 
acid  with  this  reagent. 

By  the  addition  of  hydrogen  bromide  to  ethyl  chaulmoograte,  ethyl 
hromodihydrochaulmoograte  is  formed,  which  is  optically  active,  having 
[ajo  +3-88°.  When  the  latter  ester  is  reduced  with  zinc  dust  and 
acetic  acid  it  gives  ethyl  dihydrochaulmoograte,  C^^Hgg'COgEo  (m.  p.  17°), 
which  is  optically  inactive.  It  would  therefore  appear  that  the 
asymmetry  of  the  chaulmoogric  acid  molecule  is  destroyed  when  the 
ethylenic  linking  is  resolved  by  the  addition  of  two  atoms  of  hydrogen. 
When  ihe  elements  of  hydrogeu  bromide  are  split  off  from  ethyl  bi'omo- 
dihydrochaulmoograte  the  original  ester  is  not  regenerated,  but  a  pro- 
duct is  obtained  which  has  a  rotatory  power  of  about  -h  7°30'  in  a 
1-dcm.  tube.  The  latter  ester,  on  hydrolysis,  afforded  a  mix'ure  of 
acids,  from  which,  on  oxidation  with  permanganate,  a  ketodicarboxylic 
acid,  t/jgHggOj  (m.  p.  126°),  was  obtained. 

A  consideration  of  the  results  recorded  in  this  communication 
renders  it  evident  that  the  constitution  of  chaulmoogric  acid  cannot 
be  represented  by  any  single  formula.  In  the  first  place,  by  its  limited 
oxidation,  it  yields  two  dihydroxy-acids,  and,  furthermore,  when  moi'e 
completely  oxidised,  two  series  of  products  are  obtained.  These  pro- 
ducts are,  on  the  one  hand,  a  stable  tricarboxylic  acid,  C^^HgoOg,  and, 
on  the  other,  formic  acid  and  a  ketodicarboxylic  acid, 

the  latter,  by  further  oxidation,  yielding  n-dodecane   and   ?i-undecaae^ 
dicarboxylic  acids. 

P  P   2 
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The  formation  of  a  tricarb  xylic  acid,  CjyHg.^Og,  possessing  the  same 
number  of  carbon  atoms  as  chaulmoogric  acid,  shows  that  the  ethylenic 
linking  is  contained  in  the  ring,  and  not  in  an  allylic  grouping,  as  was 
previously  supposed. 

Tlie  carbon  chain  •[CHgJjg'COgH  contained  in  the  keto-aeid  must  be 
present  in  the  original  chaulmoogric  acid  molecule,  and  it  therefore 
follows  that  the  ring  contained  in  the  latter  can  consist  of  not  more 
than  five  carbon  atoms. 

As  chaulmoogric  acid,  from  the  nature  of  its  oxidation  products, 
cannot  be  a  trimethylene  compound,  it  must  contain  either  a  methyl- 
c^c^obutene  or  a  cyc^opentene  ring.  The  formation  of  the  tricarboxylic 
acid  would  then  be  explained  by  assigning  to  chaulmoogric  acid  one  of 
the  following  formulae  : 

(I)  CH<^^__>CH[CH,],,-CO,H 

The  product  formed  by  the  addition  of  hydrogen  bromide  to  ethyl 
chaulmoograte  is,  as  stated  above,  optically  active,  but  on  reducing  this 
product  with  zinc  dust  and  acetic  acid  the  resulting  ethyl  dihydro- 
chaulmoograte  is  inactive.  It  is  inconceivable,  however,  that  racemisa- 
tion  could  be  effected  by  a  simple  process  of  reduction  when  it  is  not 
brought  about  by  treatment  with  hydrogen  bromide  or  even  by  distil- 
ling the  resulting  product.  From  these  considerations  it  seems  highly 
probable  that  dihydrochaulmoogric  acid  no  longer  c  )ntains  an  asym- 
metric carbon  atom,  whereas  if  derived  from  formula  I  it  would  con- 
tain two  such  caibon  atoms.  Moreover,  the  ketodicarboxylic  acid, 
Cj^HgoOg,  if  derived  from  a  methylcyc/obutene  compound,  would  have 
the  constitution  C02H-CHMe-CO[CH2],o-CO^H,  aud  would  give  on 
oxidation  ?i-dodecanedicarboxylic  and  acetic  acids,  whereas  it  has  been 
shown  that  malonic  acid  is  farmed  and  not  acetic  acid. 

From  these  consider.itims  it  follows  that  formula  II  may  correctly 
be  assigned  to  chaulmoogric  acid.     The  tricarboxylic  acid, 

^18^3206' 

will  therefore  be  n-pentadec:me-aa'y-tricarboxi/lic  acid, 

COoH-[CH,]2-CH-(CO.H)-[CHo]i./C02H, 

and  the  constitution  of  the  dihydroxydihydrochaulmoogric  acid,  which 

by  its  oxidation  }ie!ds  this   trica:boxylic  acid,  may  be  represented   by 

the  formula  : 

CH(0H).CII(0H) 

Qjj Qjj  >tH[CH2Ji./CO,U. 

The  tricarboxylic  acid,  although  optically  inactive,  still  contains  an 
asymmetric  carbon  atom.     The'  racemi^ation  probably  takes  place  in 
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the    hydroxyketo-acid,  and    may  be    attributed  to    keto-enolic  tauto- 
merism  occurrinf'  in  the  followincr  manner  : 

CO  C(OH) 

/\  /% 

CH(0H)CH[CH,]j^-C02H    ^          CH(OH)  C-[CH.^]i2-C02H. 
CH, CHg       "    "  CH., CH2 

The  optically  inactive  hydroxyketo-acid  obtained  is  therefore  pro- 
bably represented  by  the  above  formula. 

The  formation  of  the  ketodicarboxylic  acid,  Cj^HgoO^,  remains  to  be 
considered.  That  it  cannot  have  been  formed  by  the  further  oxida- 
tion of  the  tricarboxylic  acid  is  shown  by  the  great  stability  of  this 
compound  towards  alkaline  permanganate  solution.  Moreover,  as  this 
keto-acid  is  the  only  acid  obtained  which  possesses  but  one  atom  of 
carbon  less  than  chaulmoogric  acid,  its  formation  is  probably  accom- 
panied by  the  production  of  the  formic  acid  which  occurs  amongst  the 
products  of  oxidation. 

The  formation  of  these  two  acids  from  the  formula  deduced  above 
for  chaulmoogric  acid  could  only  be  explained  in  the  following 
manner : 

CH  CH(On) 

CH   CH[CH2]i2-C02H     -^        /    --"  \ 
Cfl2-CH2  CH(OH)   CH[CH2],2-C02H 

CH, CH2 

CH<OP| 

/       |oh| 

-^  CH(OH) 

CH2-CH2-CH(OH)[CH2]i2'C02H 
-^     HCO2H  +  C02H-[CH2]2-CO-[CH2]i2'C02H. 
Expei'ience  has  shown,  however,  that  in  every  instance  of  the  oxida- 
tion of  a  compound  possessing  a  ring  containing  a  double  linking,  the 
ring  opens  at  that  point  alone,  so  that  this  explanation  must  be  con- 
sidered improbable. 

There  are  two  hypothetical  acids  from  which  the  above  mentioned 
keto-acid  and  formic  acid  could  have  been  formed  by  further  oxidation, 
namely,  those  possessing  the  following  formulae  : 
(1)  CH2(OH)«GH(OH)-[CH2],-CO'[CH2]i.-COoH  and 

"  \n)  CH6-[bH2]Vc{OH)-[CH2]i3-C02H. 
CHo(OH) 
These  two  hypothetical  acids  could,  however,  not  be  produced  from 
an  acid  of  the  formula  deduced  above  for  chaulmoogric  acid.    If,  on  the 
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other  hand,  the  constitution  of  chaulmoogric  acid  were  to  be  represerkted 
by  the  formula : 

CHo 


CH-C[CH„]i2-C02H 
CH./CH,   "  '    ' 

it  will  be  seen  that  the  formation  of  these  products  can  readily 
be  explained.  The  second  dihydroxydihydroehaulmoogric  acid 
will  then  have  the  following  structure, 

and  on  further  oxidation  could  yield  the  hypothetical  compounds  repre- 
sented above,  and,  consequently,  the  ketodicarljoxylic  acid,  C^-H^QOg, 
and  formic  acid. 

The  ketidicarboxylic  acid,  C^gHg^Oj,  obtained  by  the  oxidation  of 
the  acids  produced  by  removing  the  elements  of  hydrogen  bromide  from 
ethyl  bromodihydrochaulmoograte,  was  at  first  thought  to  have  been 
derived  from  the  cycfopentene  structure  deduced  for  chaulmoogric  acid, 
and   therefore    to    have    the    formula 

CO.,H-[CH2]3-CO-[CH„],.-CO,H, 
which  would  give  succinic  acid   on    further   oxidation.      It  was  found, 
however,  that,  instead  of  succinic   acid,  oxalic,  formic,  and  acetic  acids 
were  formed,  and  from  these  facts  the  formula 

C0oH-CH,-CHMe-C0[CH,]i.3'CO,H 
may  be  deduced.     This  acid  can  be  considered  to  have  l)een  formed  by 
the  following  reactions  : 


CH,  +HBr  CHg  -HBr 

Ctl~CBr[CH2],,C0.,H 


-^ 


CH-C[CH,],,.CO,H        -^      6h,-CH. 
CHg-CHa 
CH3  +  30  CH3 

CH-C[CH,li,C02H       _->      C02H-CH2-CH-CO[CH2]i,-CO,H. 
OH.^-CH 

Dihydrochaulmoogric  acid  may  therefore  be  considered  a  mixture 
of  a-carbox>/-n-dodeci/lcjc\o2)entcme  and  l-a-carboxy-w-clodecijl-'l-viethyl- 
cyc\ohutane. 

From  the  foregoing  considerations  it  is  seen  that  the  behaviour  of 
chaulmoogric  acid  can  be  explained  by  assigning  to  it  both  the  follow- 
ing formulpe  : 

CH  CH., 

^\  /\ 

CH   CH[CH.]io-CO.H       ^  CH-C[CHo]io-CO,H. 

CH.-CH.       "   "       "  CH^-CK^ 

\-ff,-Carboxy-\\-clodccyl-ix^-cyQ\opcntcnc.        l-a-Carboxy-n-dodecyl-l  :  i-hicyclopentcme. 
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Chaulmoogric  acid  has,  however,  all  the  properties  of  an  individual 

substance.     It  has,  moreover,  been  obtained  from  the  seeds  of  three 

botanically    distinct    species  of    plants,  and    in   all   cases  it  possesses 

identical  properties.  In  addition  to  this,  a  homologue  of  it,  hydnocarpic 

acid,  C^gHggOg,  has  been  isolated  (Trans.,  1905,  87,  888),  which  shows 

an  analogous  behaviour  on  oxidation,  and,  like  chaulmoogric  acid,  has 

all  the  characters  of  an  individual  substance.     For  these  reasons  it 

cannot  be    considered  possible   that    chaulmoogric  acid  is  a  mixture 

of  stable  isomerides,  and  it  must  therefore  be  regarded  as  being   in 

a  state  of  tautomerism  between  the  two  formulse  represented  above,  or 

at  all  events  existing  in  such  a  state  as  to  undergo  chemical  change  in 

accordance  with  both  these  formulse. 

This  conclusion  respecting  the  constitution  of  chaulmoogric  acid  may 

also  be  expressed  by  a  formula  analogous  to  that  proposed  by  Thorpe 

for  glutaconic  acid  (Trans.,  1905,  87,  1669)  as  follows: 

CH 

/\     \ 
CH-H C[CH,],,-CO,H. 

CH^ CH2 

In  this  formula  the  dotted  lines  represent  a  state  of  equilibrium 
between  the  hydrogen  atom  and  two  carbon  atoms. 

The  results  obtained  by  Sir  W.  H.  Perkin  for  the  molecular  magnetic 
rotation  of  ethyl  chaulmoograte,  as  previously  recorded  (Trans.,  1904, 
85,  851),  are  quite  in  harmony  with  the  above  conclusion.  The 
average  value  found  at  14°  (21-02)  lies  between  that  calculated  for  the 
ester  if  it  possessed  the  pentene  structure  (21-31)  and  that  for  the 
bicyclic  structure  (19'51).  Sir  W.  H.  Perkin  has  now  kindly 
determined  the  rotation  of  ethyl  chaulmoograte  at  a  higher  tempera- 
ture, when  for  a  rise  of  686°  a  diminution  of  0-231  in  the  molecular 
magnetic  rotation  was  observed,  but  as  a  small  reduction  with  rise  of 
temperature  is  usual  amongst  such  compounds  no  deduction  can  be 
drawn  from  this  observation. 

A  determination  of  the  molecular  magnetic  rotation  of  chaulmoogric 
acid  at  84°  gave  a  result  analogous  to  that  obtained  for  its  ethyl  ester, 
inasmuch  as  the  value  found  (19-031)  lies  between  the  numbers 
calculated  for  the  two  formulye  suggested  for  this  acid. 

Hydnocarpic  acid,  Cj^H.^gC^o  (™-  P-  ^0° ;  [ajo  +68°),  the  isolation  of 
which  has  previously  been  described  (Trans.,  1905,  87,  884),  is  a  homo- 
logue of  chaulmoogric  acid,  and  is  associated  with  the  latter  in  the 
three  fatty  oils  from  which  it  has  been  obtained.  The  two  acids  are 
in  every  respect  similar  in  their  properties,  and  are  evidently  of  closely 
analogous  constitution. 

From  a  consideration  of  the  constitutional  formulse  assigned  to 
chaulmoogric  acid  it  was  to  be  expected   that  hydnocarpic  acid  would 
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possess  essentially  the  same  structure,  the  only  difference  being  in  the 

length  of  the  side  chain.  This  proved  to  be  the  case,  for,  on  oxidation  in 

alkaline  solution  with  an  excess  of  potassium  permanganate,   bydno- 

carpic  acid  yielded  n-decanedicarboxylic  acid,  [GH„]jq*(C0.,H)2,  and  a 

tricarboxylic   acid,    Cj^Hg^Og  (m.   p.  60''),   which   is  considered  to    be 

n-tru/ecane-aa'y-tricarboxylic  acid, 

CO,H-[CB2]o-CH(C02H)-[CH2]io-C02H. 

The    following    formulfe    may    therefore    be    ascribed    to    bydnocarpic 

acid  : 

CH  CH2 

^\  -->  /\ 

CH    CH[CH2]io-COoH  ^-        CH-C[CH2]io-C02H. 

CHg-CHg  GH2'CH2 

\-a-C'arhoxy-\\-decyl-i^^<'yv\oprMfenc.  l-a'C'arboxy-n-dccyl-l  :  A-hicyc\npcnlanc. 

These  may  be  expressed,  as  in  the  case  of  chaulmoogric  acid,  by  one 
formula,  as  follows : 

CH 

CH-H     (^[CHoJio'COaH. 
CfT2        ^^2 

Experimental. 
I.     Chaulmoogric  Acid,  C^gHgoOg. 

The  chaulmoogric  acid  employed  in  this  investigation  was  prepared 
from  genuine  chaulmoogra  oil  (from  the  seeds  of  Taruktogenos  Kurzii, 
King).  The  oil  was  hydrolysed  with  alcoholic  potash,  the  acids 
liberated,  fractionally  crystallised  from  alcohol,  and  the  chaulmoogric 
acid  finally  purified  by  distillation  under  diminished  pressure  and 
recrystallisation  from  alcohol  (compare  Trans.,  1904,  85,  846).  It  was 
then  obtained  in  colourless,  glistening  leaflets,  and,  when  freshly  dis- 
tilled, melted  at  68*5°,  and  had  [aju  +62"1°  in  chloroform  solution. 
After  keeping  for  some  time  the  optical  rotatory  power  of  the  acid 
becomes  somewhat  diminished  and  it  acquires  a  slightly  yellow  colour. 
If  it  be  then  again  distilled,  a  dark  brown  substance  is  left  in  the  dis- 
tilling flask,  which  is  probably  formed  by  polymerisation. 

Oxidation  of  Chaulmoogric  A  cid  in  A  Ikaline  Solution  with  Potassium 
Permanginate  (O  ™  2 — 3  A  tomic  Equivalents). — One  hundred  grams  of 
chaulmoogric  acid  were  dissolved  in  a  solution  of  50  grams  of  potassium 
hydroxide  in  5  litres  of  water,  and  to  this  were  added  5  litres  of  a  2  per 
cent,  solution  of  permanganate,  the  temperature  being  kept  between 
16°  and  20°.  The  whole  of  the  permanganate  was  instantly  reduced. 
After  filtering,  the  liquid  was  made  nearly  neutral  with  sulphuric  acid, 
and  concentrated  to  a  small  bulk.     The  acids  were  then  liberated,  and 


CHAULMOOGRIC   AND    HYDNOCARPIC    ACIDS.  565 

steam  passed  through  the  liquid  in  order  to  remove  any  volatile  acid. 
The  distillate  was  found  to  contain  a  small  amount  of  formic  acid, 
which  was  identified  by  the  usual  tests  and  by  the  analysis  of  its 
barium  salt : 

0-3002  gave  0-3060  BaSO^.     Ba  =  60-0. 

(C0oH)2Ba  requires  Ba=  60-4  per  cent. 

This  acid  was  evidently  produced  by  the  further  oxidation  of  one  of 
the  dihydroxydihydrochaulmoogric  acids  subsequently  described. 

The  non-volatile  acids  remaining  in  the  distilling  flask  were  extracted, 
and  converted  into  their  methyl  esters  by  treatment  with  methyl 
alcohol  and  sulphuric  acid.  The  product  was  then  distilled  under 
a  pressure  of  16  mm.,  when  the  following  fractions  were  collected  : 
200-220°;  220—245°;  245—260°;  260—275°;  275— 290°/16  mm 
There  then  remaiLed  in  the  flask  a  quantity  (22  grams)  of  an 
undistillable  oil,  which  apparently  consisted  of  condensation  products. 

Fraction  200 — 220°/16  mm. — This  was  analysed  with  the  following 
result : 

0-1030  gave  0-2519  CO2  and  0-0964  H.p.     C  =  66-7  ;  H  =  10-4. 
C-^gHgfjO^  requires  C  =  67-l;  H  =  10-5  per  cent. 

It  evidently  consisted  chiefly  of  the  methyl  ester  of  ?i-dodecanedi- 
carboxylic  acid,  CjgHgijO^,  which  was  obtained  in  larger  quantity  by  the 
oxidation  of  chanlmoogric  acid  with  an  excess  of  permanganate,  and  its 
identity  established. 

Fractions  220—245°  and  245— 260°/16  mm.— These  were  small  in 
amount,  and  were  found  to  consist  of  mixtures  of  the  constituents  of 
the  fractions  of  lower  and  higher  boiling  point. 

Isolation  of  Two  Dihydroxydihydrochaulmoogric  Acids, 
C3,H3,(OH),.CO,H. 

Fraction  260 — 275°/l6  mm, — This  was  the  largest  fraction  obtained. 
On  cooling,  it  deposited  a  considerable  quantity  of  a  solid  substance, 
which  was  brought  on  a  porous  plate  to  remove  adhering  oil,  after 
which  it  melted  at  60—68° : 

0-0933  gave  0-2366  COg  and  0-0910  H^O.     0  =  692;  H^IOS. 
CigHgijO^j  requires  C  =  69-5  ;  H  =  11-0  per  cent. 

Tiiis  substance  agreed  in  composition  with  a  methyl  ester  of  di- 
hydroxydihydrochaulmoogric acid.  After  several  cryst  illisations  from 
methyl  alcohol  it  yielded  an  ester  crystallising  in  long,  glistening 
needles,  which  melted  at  75 — 76°,  and  this  melting  point  was  not 
changed  by  further  crystallisation  : 

0-1056  gave  02669  CO,  and  0-1045  HgO.     0  =  68-9;  H  =  ll-0. 
Oi7H3i(OH)2-002Me  requires  0  =  69-5  ;  H  =  ll'O  per  cent. 
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0-3360  gram  in   100  c.c.  of  chloroform  gave  a,j  +  0"5'  in  a  2-dcm. 
tube,  whence  [aju  +  12-4°. 

The  ester  was  hydrolysed  and  the  acid  extracted  and  crystallised 
from  ethyl  acetate,  in  which  it  was  readily  soluble.  It  separated  in 
clusters  of  small,  silky  needles,  melting  at  105°: 

0-0944  gave  0-2368  CO2  and  0-0922  H^O.     0  =  68-4  ;  H  =  10  8. 

^18^34^4  requires  C  =  68-8  ;  H  =  1 0-8  per  cent. 
O-5OO8   gram  in    100   c.c.    of   alsolute  alcohol  gave  a^,    +  0'7'   in  a 
2-dcm.  tube,  whence  [ajy  +11-6°. 

This  acid  is  thus  shown  to  be  a  dihydroxydihydrochaiilmoogric  acid, 
and  was  found  to  be  identical  with  the  acid  of  the  same  composition 
described  in  the  previous  communication,  the  melting  point  of  which 
was  given  as  102°  (Trans.,  1904,  85,  860). 

The  mother  liquors  from  the  crystallisation  of  the  ester  melting  at 
75 — 76°  were  found  to  be  Ucvorotatory,  and  fi-om  them  an  ester  was 
isolated  which,  after  several  crystallisations,  melted  at  68^69°.  This 
ester  crystallised  in  silky  needles,  and  was  much  .  more  soluble  in 
methyl  alcohol  than  the  one  of  higher  melting  point  which  was  pre- 
viously isolated  : 

08420  gram  in   100  c.c.  of  chloroform  gave  a^  -0°16'  in  a  2-dcm. 
tube,  whence  [ajo  -  15 '8°. 

On  hydrolysing  this  ester  an  acid  was  obtained  which,  after  two 
crystallisations  from  ethyl  acetate,  melted  at  92 — 93°  : 

0-1004  gave  0-2520  OOg  and  0-0986  H.O.     0  =  68-5  ;  H  =  10-9. 

^'18^3202(^2)2  requires  0  =  68-8  ;  H  =  10-8  per  cent. 
02936   gram   in  25   c.c.   of  absolute  alcoliol  gave  a^,    -  0"20'  in  a 
2-dcm.  tube,  whence  [a]o   -14-2°. 

This  acid  is  therefore  an  isomeride  of  that  melting  at  105°,  but  it  is 
much  more  sparingly  soluble  in  ethyl  acetate  than  the  latter.  Both 
these  acids  yield  sodium  salts  which  are  only  sparingly  soluble  in  cold 
water. 

Fraction  275 — 290°/16  mm. — This  evidently  also  contained  some  of 
the  two  dihydroxydihydrochaulmoogric  acids  which  were  isolated  from 
the  preceding  fractipn. 

OxidcUion  of  Chaulmoogric  Acid  in  Alkaline  Sohction  with  Potassium 
Permariganaie  (0  =  4  Atomic  Equivalents). — One  hundred  grams  of 
chaulmoogric  acid  were  dissolved  in  the  same  amount  of  solution  of 
potassium  hydroxide  as  in  the  preceding  experiment,  and  to  this  was 
added  a  solution  of  150  grams  of  potassium  permanganate  in  8  litres 
of  water,  the  tem.perature  of  the  mixture  being  kept  at  15 — 18°.  The 
acids  were  extracted,  converted  into  their  methyl  esters,  and  frac- 
tionally distilled  under  a  pressure  of   15  mm.     Several  fractions  were 
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collected,  of  which  those  boiling  at  265 — 275'^  and  275 — 285715  mm. 
solidified  on  cooling. 

Isolation  of  a  Hydroxyhetodihydrochaulmoogric  Acid, 
Ci;H3oO(OH)-C02H. 

Fraction    265 — 275°/15    mm. — This    was    the    larger    of    the    two 
fractions,  and  on  analysi.s  it  gave  the  following  result : 
0-0961  gave  0-2410  CO,  and  0-0882  H,0.     0  =  68-4;  H  =  102  per  cent. 

After  being  brought  on  a  porous  plate  to  remove  adhering  oil,  the 
solid  ester  was  crystallised  several  times  from  methyl  alcohol,  when  it 
separated  in  needles  melting  at  64°,  and  this  melting  point  was  not 
altered  by  further  crystallisation  : 

0-1051  gave  02697  CO^  and  00986  Hp.     C  =  70-0;  H-10-4. 

0-1003     „     0-2577  CO.3    „    0-0940  H^O.     0  =  701  ;  H=  10-4. 
OjgHg^O^  requires  C  =  69  9  ;  H  =  1 04  per  cent. 

The  solid  which  separated  from  the  fraction  275  —  285715  mm. 
likewise  consisted  of  the  above-described  ester. 

The  ester  was  hydrolysed,  and  the  acid  extracted  and  crystallised 
from  alcohol,  from  which  it  separated  in  needles  melting  at  90°.  It 
was  very  soluble  in  cold  ethyl  acetate,  but  less  freely  in  alcohol  : 

0-1162  gave  0-2946  CO2  and  0-1060  H,0.     0  =  69-1;  H=10-l. 

01013     „     0-2573  CO2    .,    00920  H^O.     G  =  69-3  ;  H  =  10-1. 

0-0984     „     0-2477  COo    „    0-0913  Rp.     C  =  68-8 ;  H=  10-3. 
0^^13.^.20^  requires  C  =  69*2  ;  H  =  10*3  per  cent. 
Cj^h'soO,        „        0  =  68-4;  H  =  101       „ 

From  these  results  it  is  evident  that  the  acid  has  the  formula 
OjgHggO^.     Both  acid  and  ester  were  optically  inactive. 

The  methyl  ester,  when  treated  with  semicarbf\zide  hydrochloride 
and  sodium  acetate,  yielded  a  semicarbazone  which  crystallised  from 
alcohol  in  small  needles  melting  at  110°.  This  shows  the  ester  to  be 
that  of  a  hydroxyketodihydrochaulmoogric  acid. 

0-5108  of  the  ester  required  for  hydrolysis  6-4  c.c.  jV/'I  NaOH, 
the  calculated  amount  for  OigHo902(00.,Me)  being  3-1  c.c. 

The  fact  that  this  substance,  although  the  ester  of  a  monocarboxylic 
acid,  when  heaied  with  an  excess  of  alkali  neutralises  two  equi- 
valents of  the  latter,  is  probably  due  to  hydrolysis  of  the  grouping 
•(_'H(OH)*CO"  in  the  ring,  with  the  formation  of  a  dibasic  hydroxy- 
acid,  C^gHg^g,  and  the  latter  then  apparently  loses  water,  yielding  a 
lactonic  acid,  C^gH^gO^.  This  assumption  receives  support  from  the 
'  fact  that  no  semicarbazone  could  be  obtained  from  the  acid  furnished 
by  the  hydrolysis  of  the  ester,  and,  on  re-esterifying  the  acid,  instead 
of  the  original  ester,  a  fatty  substance  was  obtained.  The  amount  of 
material  available  was  insufficient  for  its  further  investioration. 
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Oxidation  of  Chatdmoorjric  Acid  in  Alkaline  Solution  vitk  an  Excess 
of  Fot(jssium  Permanganate. — One  hundred  grams  of  chaulmoogric 
acid  were  dissolved  in  an  aqueous  solution  of  50  grams  of  potassium 
hydroxide,  and  the  opalescent  liquid  diluted  with  water  to  the  measure 
of  5  litres.  This  was  allowed  to  flow  slowly,  with  constant  stirring, 
into  11  litres  of  a  3  per  cent,  solution  of  potassium  permanganate, 
the  temperature  being  kept  below  20°  by  the  addition  of  ice.  After 
standing  for  some  hours,  the  excess  of  permanganate  was  removed  by 
sodium  bisulphite.  The  liquid  was  then  heated,  filtered,  the  filtrate 
concentrated,  acidified  with  sulphuric  acid,  and  distilled  witli  steam. 
The  distillate  contained  an  acid  which  was  converted  into  its  bariun 
salt,  and  from  this  a  silver  .«alt  was  prepared  and  analysed  : 

0-3024  gave  0-1960  Ag.     Ag  =  64-8. 

C^HgO.^Ag  requires  Ag  =  64-7  per  cent. 

Tlie  volatile  product  was  thus  identified  as  acetic  acid.  From  the 
results  of  an  experiment  subsequently  described,  this  appears  to  have 
been  produced  by  the  decomposition  of  malonic  acid,  and  not  to  have 
been  a  direct  product  of  oxidation. 

The  non-volatile  acids  were  then  extracted  and  converted  into  their 
methyl  esters.  On  distilling  the  product  under  15  mm.  pressure  the 
following  fractions  were  obtained  :  below  220°  (45  grams) ;  220 — 260° 
(8  grams)  ;  260—270°  (55  grams)  ;  270— 280°/15  mm.  (5  grams). 
These  fi'actions  were  all  optically  inactive,  and  were  subsequently 
examined  as  follows. 


Isolation  of  n-Undecane  and  n-Dodecane  Dicarboxylic  Acids. 

Fraction  boiling  below  220°/15  mm. — This  was  fractionally  distilled 
under  15  mm.  pressure,  when  it  was  further  resolved  into  the  following 
fractions:  {a)  below  200°  (5  grams);  (6)  200-205  (13  grams); 
(c)  205—210°  (3  grams);  {d)  210— 215715  mm.  (13  grams). 

Fraction  (c)  and  {d),  on  standing,  deposited  a  crystalline  substance, 
which  was  collected  and  crystallised  from  methyl  alcohol.  It  then 
separated  in  clusters  of  needles  melting  at  41°: 

0-1335  gave  03272  CO2  and  0-1256  Kf>.     C  =  66-8  ;  H  =  10-5. 
0-1279     „     0-3132  CO2    „    0-1204  H.^O.     C  =  66-8  ;  H  =  10-5. 

Cj^jHgoO^  requires  0  =  671;  H=  10-5  per  cent. 
0  6876  required   for  hydrolysis  9-5   c.c.   Nj'l   NaOH,  the  calculated 
amount  for  C^2H24(C02Me)2  being  9-6  c.c. 

By  the  hydrolysis  of  this  ester  an  acid  somewhat  sparingly  soluble  j 
in  ether  was  obtained.  It  was  crystallised  from  ethyl  acetate,  fiom  j 
which  it  separated  in  small,  glistening  leaflets  melting  sharply  at  124°  ;  j 
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00935  gave  0-2234  CO.,  and  00859  H.p.     0  =  652;  H=10-2. 

0-1208     „     0-2879  COg  aud  0-1098  H,0.     C  =  65-0 ;  H  =  10-1. 
Gj^HggO^  requires  C  =  65-1  ;  H  =  lO'l  per  cent. 

This  substance  agrees  in  composition  and  melting  point  with 
?i-dodecanedicarboxylic  acid,  [CH.2\^{C0.2H.).2,  obtained  by  Brown  and 
Walker  by  the  electrolysis  of  potassium  ethyl  suberate  (Annalen, 
1891,  261,  123).  In  order  to  confirm  its  identity  with  the  above- 
mentioned  acid,  its  diethyl  ester  was  prepared.  This  was  found  to 
have  the  same  melting  point  (28°)  as  a  specimen  of  the  synthetic  ester 
which  was  kindly  supplied  to  us  by  Professor  A.  Crum  Brown,  and  a 
mixture  of  the  two  esters  showed  no  diminution  in  melting  point.  A 
mixture  of  the  two  acids  likewise  melted  at  the  same  temperature 
(124°)  at  which  each  separately  fused. 

The  fraction  [b),  b.  p.  200 — 205°/15  mm.,  deposited  no  solid  ester, 
even  on  long  standing.  It  was  therefore  hydrolysed  and  the  acids 
extracted.  These  melted  indefinitely  at  93 — 105°,  but  after  several 
crystallisations  from  ethyl  acetate  an  acid  was  obtained  which 
separated  in  small,  glistening  needles,  melting  at  112°,  and  this 
melting  point  was  not  changed  by  further  crystallisation  : 

0-1093  gave  0-2553  CO.^  and  00956  H.p.     C  =  63-7  ;  H  -  9-7. 

01158     „     0-2700  CO2    „    0-1029  H,0.     C  =  63-6  ;  H  =  9-9. 
CjgHojO^  requires  0  =  63*9  ;  H  =  9-8  per  cent. 

This  substance  agrees  in  composition  and  melting  point  with  the 
brassy  lie  acid,  C^gHg^O^  [regarded  as  ?i-undecanedicar  boxy  lie  acid, 
[CH2]ij(OO.^H)2],  obtained  by  Grossmann  by  the  oxidation  of  behenolic 
acid,  and  is  undoubtedly  identical  with  it  (Ber.,  1893,  26,  645). 

From  the  fraction  of  esters  («),  boiling  below  200°/15  mm.,  of 
which  after  several  oxidations  further  quantities  were  accumulated, 
adipic,  ?i-pimelic,  and  suberic  acids  were  isolated,  whilst  higher 
members  of  the  same  series  were  also  found  to  be  present.  It  was 
ascertained,  however,  by  some  other  experiments  that  these  acids 
were  produced  by  the  long  continued  action  of  permanganate  on  the 
above-mentioned  ?i-undecaue-  and  7i-dodecane-dicarboxylic  acids. 

Fraction  220 — 260°/15  mm. — This  was  small  in  amount  (8  grams), 
and  consisted  of  a  mixture  of  the  constituents  of  the  fraction 
boiling  below  220°/ 15  mm.  and  those  of  the  fraction  of  higiier  boiling 
point. 

Isolation  of  a    Tricarboxylic    Acid,    C^gHg.^Og    {n-Pentudecane-aa'y-tri- 

carhoxylic  Acid). 

Fraction  260 — 270°/15  mm. — This  fraction,  which  was  the  largest 
obtained,  crystallised  and  became  almost  completely  solid  on  standing. 
It  was  drained  on   a  porous   plate,  to    remove    a    small   quantity   of 
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adhering  dII,  and  then  dissolved  in  warm  methyl  alcohol,  from  which, 
on  cooling,  it  separated  in  beautiful  clusters  of  needles,  melting  at 
38"5°.  On  further  crystallisation  the  melting  point  remained  unchanged. 
It  distilled  at  260715  mm.  : 

0-1355  gave  0-3232  CO.,  and  0-1204  H2O.     C  =  65-0;  H  =  9-9. 

0-1278     „     0-3046  CO2    „    0-1153  H./).     C  =  650;   H  =  10-0. 

0-1064     „     0-2542  CO2    „    00936  H.A     C  =  65-1  ;  H  =  9-8. 
Ci^HggO^  requires  C  =  65-1  ;  H=  10-1  per  cent. 
Cj^Hg^jO.        „        C  =  65-0;H  =  9-6 
CoiHgsOj;       „        C  =  65'3;  H  =  9-8 

2-3979  required  for  hydrolysis  36  4  c.c.  JY/2  NaOH.  The  calculated 
amount  for  both  C^oH^o(COoMe)2  and  Ci-H29(CO.^Me)3  is  37  2  c.c, 
whereas  Ci3ir240(OO.^Me)2  would  require  only  305  c.c. 

The  ester  was  hydrolysed  and  the  acid  extracted  with  ether.  After 
removing  the  solvent  an  oil  was  obtained  which  solidified  to  an 
amorphous,  fatty  looking  mass,  melting  at  61 — 63°  ;  and  difficulty  was 
experienced  in  obtaining  it  crystalline.  When,  however,  a  portion  was 
kept  at  62°  for  some  time  it  slowly  solidified,  and  was  seen  to  consist 
of  small,  slender  needles.  The  main  portion  was  then  dissolved  in 
an  equal  quantity  of  ethyl  acetate,  and  the  solution  inoculated  with 
the  above-mentioned  cry.stals,  when  the  acid  .separated  in  hard  aggre- 
gates of  microscopic  needles,  which  melted  sharply  at  68°.  It  was 
optically  inactive  : 
.01086  gave  0-2501  CO.  find  0-0912  HgO.     0  =  628;  H  =  0-3. 

01144     „     0-2630  CO2    „    0-0967  H.p.     C  =  62-7  ;  H  =  9-4. 

0-1229     „     0-2816  CO2    „    0-1032  H.p.     0  =  62-5  ;  H  =  9-3. 
Cj.TH2.1O4  requires  0  =  62  6  ;  H  =  9-6  per  cent. 
C^XA        n        C  =  62-8  ;H  =  9-3       „ 

Of  these  two  formulae  the  second  seemed  improbable,  on  account  of 
the  inference  previously  drawn  from  the  magnetic  rotation  of 
chaulmoogric  acid  that  it  posses.sed  an  allylic  grouping  (Trans.,  1904, 
85,  855).  On  the  other  hand,  the  boiling  point  of  the  ester  was  much 
higher  than  would  be  expected  had  the  acid  the  formula  G^^TI^.^O^.  In 
order,  therefore,  to  decide  re.specting  the  formula  of  the  acid,  molecular 
weight  determinations  were  made  of  it  and  of  its  methyl  and  ethyl 
esters,  and  the  propyl  ester  was  also  prepared  and  analysed  : 

0-9756  of  the  acid  in  100  phenol  gave  A«  -  0-21°,     M.W.  =  343. 

0-9902      „         „         100  benzene  „     A«-0-15°.     M.W.  =  323. 
CigHgoOg  requires  M.W.  =  344, 

Mtthyl  i:sler.~3-2So  in  100  benzene  gave  At  -  0-41°.     M.W- =  392. 
C,,H2A  =  258;  C2,H3,0,  =  386. 

Ethyl  Ester. — This  was  obtained  as  a  colourless  oil,  which  distilled  at 
275°/15  mm.  : 
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0-1151  gave  02835  COo  and  0-1065  H.,0.  C  =  67-2;  H=10-3. 
00955  „  0-2358  CO2  „  0-0886  H^O.  C  =  67-3 ;  H=  10-3. 
1  -3341  in  100  benzene  gave  Ai  -  015°.     M.W.  =  436. 

C^gHgoO^  requires  C  =  67-1  ;  H  =  10-5  per  cent.     M.W.  =  286. 

C2,H,,0e        ,,        C  =  67-3;  H  =  10-3         „  M.W.  =  128. 

Propyl  Ester. — This  was  obtained  a.s  a  viscid,  colourless  oil,  which 
boiled  at  302^24  mm.  : 

0-1159  gave  0-291G  CO.^  and  0-1108  H..0.     C  =  68-G;  H=10-6. 
0-1331     „     03360COo    „    0-1278  H'p.     0  =  688 ;  H  - 10-7. 

GjgHg^O^  requires  0  =  688  ;  H=  10-8  per  cent. 

C27W50O0        ,,        0  =  68-9  3  H  =  10-6 

From  these  results  it  is  evident  that  the  fraction  boiling  at 
260 — 270''715  mm.  consists  essentially  of  the  trimethyl  ester  of  a 
tricarboxylic  acid  having  the  formula  Oj^gHg^O^,  and,  from  considera- 
tions which  are  discussed  in  the  introductory  portion  of  this  paper,  it 
is  seen  that  this  acid  is  n-pentadecane-aay-tricarboxylic  acid. 

w-Pentadecane-aa'y-tricarboxylic  acid  is  very  soluble  in  alcohol, 
ether,  chloroform,  or  ethyl  acetate,  moderately  so  in  benzene,  and 
insoluble  in  water.  It  is  an  exceedingly  stable  substance.  When 
heated  with  concentrated  nitric  acid  it  dissolved,  but  separated 
unchanged  on  cooling.  When  warmed  with  an  alkaline  solution  of 
permanganate  it  was  only  very  slowly  attacked  at  temperatures 
below  70°.  When,  however,  it  was  treated  at  this  temperature  with 
an  excess  of  permanganate,  it  yielded  succinic  acid.  Attempts  were 
made  to  obtaiu  a  hydroxj'-acid  or  lactone  by  oxidising  with  limited 
quantities  of  permanganate,  but  most  of  the  acid  was  recovered 
unchanged.  It  is  unattacked  by  a  chromic  acid  mixture,  a  fact  which 
is  probably  due  to  the  insolubility  of  the  organic  acid  in  water.  When 
treated  with  chromic  acid  in  acetic  acid  solution,  the  greater  portion 
was  recovered  unchanged,  and  no  other  definite  product  could  be 
isolated.  An  attempt  was  al.^o  made  to  obtain  from  the  acid  an 
unsaturated  compound.  For  this  purpose  it  was  brominated  by  the 
Volhard  method,  and  the  elements  of  hydrogen  bromide  subsequently 
eliminated,  but  the  results  were  of  a  negative  character. 

Fraciioit  270 — -280°/15  mm. — This  was  small  in  amount,  and 
consisted  to  a  large  extent  of  the  ester  of  the  above-mentioned 
tricarboxylic  acid. 

For  the  more  complete  examination  of  the  lo  ,ver  acids  formed  by  the 
oxidation  of  chaulmoogric  acid,  another  portion  was  treated  in  alkali 
solution  with  permanganate,  as  previously  described.  After  removing 
the  excess  of  permanganate,  and  filtering,  the  liquid  was  made  neutral 
with   sulphuric    acid    and    evaporated    to    dryness.      The   mixtui-e    of 
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potas.siuni  salts  tlius  obtained  was  powdered,  thorouglily  diie<l, 
suspended  in  absolute  alcohol,  and  the  acids  esterified  by  passing  dry 
hydrogen  chloride  through  the  boiling  liquid  for  four  hours.  The 
mixture  was  then  pouted  into  water,  the  esters  extracted  with  ether, 
and  the  ethereal  solution  washed  with  sodium  carbonate  and  dried 
over  sodium  sulphate.  After  removing  the  ether,  a  quantity  of 
alcohol  distilled  over,  and,  as  this  would  contain  the  ester  of  any 
acetic  acid  produced  by  the  oxidation,  solid  potash  was  added  to  it 
and  the  alcohol  removed.  The  residue  was  then  dissolved  in  water, 
tlie  liquid  acidified  with  sulphuric  acid,  and  distilled  with  steam, 
but  the  distillate  contained  no  acid.  The  ethyl  esters,  obtained  as 
above  described,  were  distilled  under  30  mm.  pi-essure,  and  the  fraction 
boiling  below  190°/30  mm.,  which  was  small  in  amount,  fractionated 
under  the  ordinary  pressure.  Fractions  were  collected  at  180 — 190°  ; 
190—200;  200—210°,  and  210— 220°. 

F7'action  180 — 190°. — A  portion  of  this  was  shaken  with  concen- 
trated aqueous  ammonia,  when  an  amide  was  formed  which,  when 
heated,  decomposed  without  melting.  The  remainder  of  the  fraction 
was  hydrolysed  in  order  to  obtain  the  acid,  which  was  identified  as 
oxalic  acid  by  its  melting  point  and  that  of  its  methyl  ester. 

Fraction  190 — 200°. — This  was  analysed  with  the  following  result  : 

01213  gave  0-2321  CO^  and  00808  H^O.     C  =  52-2;  H  =  7-4. 
CH2(C02Et)2  requires  0  =  525  ;  H  =  7-5  per  cent. 

By  the  hydrolysis  of  this  ester  an  acid  was  obtained  which  melted 
somewhat  indefinitely  at  124 — 129°  with  effervescence,  and,  when  more 
strongly  heated,  developed  a  distinct  odour  of  acetic  acid.  This  pro- 
duct of  oxidation  was  therefore  identified  as  maloaic  acid,  and  is, 
without  doubt,  the  source  of  the  acetic  acid  previously  obtained. 

Fractions  200— 210°a»f^  210— 220°.— These  were  small  in  amount. 
The  latter  fraction  was  examined  for  the  presence  of  succinic  acid,  but 
with  a  negative  result. 

Oxidation  of  Chaulmoogric  Acid  in  Acetic  Acid  Solution  with 
Potassium  Permanganate. — To  a  solution  of  potassium  permanganate 
(200  grams)  in  90  per  cent,  acetic  acid  (1500  c.c.)  was  added  an  acetic 
acid  solution  of  chaulmoogric  acid  (50  grams),  the  temperature  being 
kept  below  25°.  After  standing  for  some  hours,  the  excess  of  perman- 
ganate and  the  manganese  dioxide  were  reduced  with  sulphur  dioxide, 
the  white  precipita'.e  of  manganese  salts  removed  by  filtration,  and  the 
filtrate  evaporated  under  slightly  reduced  pressure.  The  salts  thus 
obtained  were  then  decomposed  with  sulphuric  acid,  and  the  acids 
extracted  and  converted  into  their  methyl  esters.  On  distilling  these 
under    15    mm.    pressure    the     following    fractions     were    obtained  : 
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200—220°;    220—255°;  255—260°;  260—270715   mm.      The  first, 
third,  and  fourth  of  these  fractions  solidified  on  standing. 

Fraction  200 — 220^15  mm. — On  analysis  this  gave  the  following 
result : 

0-1301  gave  0-3185  CO,  and  0-1223  H.O.     C  =  66-8;  H  =  10-5. 
CjgHgQO^  requires  C  =  67-l  ;  H  =  105  per  cent. 

This  fraction  evidently  consisted  of  methyl  7i-dodec^nedicarb- 
oxylate. 

Fraction  220 — 255°/15  mm. — This  was  small  in  amount,  and  con- 
sisted of  a  mixture  of  the  constituents  of  the  preceding  and  succeeding 
fractions. 


Isolation  of  a  Ketodicarhoxylic  acid,  C^-Hg^O-   (y-Keto-n-penta-decane- 
aa -dicarhoxylic  Acid). 

Fraction  255 — 260°  mm. — The  crystalUne  solid  which  separated  from 
this  fraction  was  recrystallised  from  methyl  alcohol,  and  was  tlius 
obtained  in  handsome  plates,  which  melted  sharply  at  66°.    On  analysis  : 

0-1202  gave  02930  CO^  and  0-1074  H.p.     C  =  66-5  ;  H  =  9-9. 
C\5H,sO(C02Me)2"'require3  C-66-7  ;  H  =  9-9  per  cent. 

By  the  hydrolysis  of  this  ester  an  acid  was  obtained  which  was  very 
sparingly  soluble  in  ether.  It  was  dried  and  crystallised  from  ethyl 
acetate,  from  which  it  separated  in  clusters  of  needles,  melting  at  128°. 
This  acid  was  found  to  be  identical  with  that  of  the  same  formula, 
C^yHggO-,  and  melting  point  described  in  the  previous  communication 
(Trans.,  1904,  85,  861).  That  it  is  a  ketonic  acid  is  shown  by  the 
foUowiug  experiment. 

One  gram  of  the  acid  was  dissolved  in  a  dilute  solution  of  potassium 
hydroxide,  and  to  this  was  added  a  solution  of  0-8  gram  of  hydroxyl- 
amine  hydrochloride.  The  mixture  was  warmed  for  ten  minvites, 
allowed  to  stand  overnight,  and  then  slightly  acidified  with  sulphuric 
acid,  when  a  substance  separated  which  was  soluble  in  an  excess  of 
acid.  This  was  extracted  with  ether  and  crystallised  from  ethyl 
acetate,  when  it  separated  in  small  needles,  melting  at  83 — 84°  : 

0-1076  gave  0-2444  CO^  and  0-0920  KA     C-61-9;  H  =  9-5. 
C17H31O5N  requires  C  =  62-0  ,^  H  =  9-4  per  cent. 

Oxidation  of  the  Ketonic  Acid,  Cj^H.,3CO(COoH)o. — This  acid  was 
found  to  be  very  stable  towards  permanganate  in  the  absence  of  alkali, 
but  to  undergo  oxidation  i-eadily  in  alkaline  solution. 

About  6  grams  of  the  acid  were  dissolved  in  an  aqueous  solution  of 
potassium  hydroxide  (5  grams),  and  mixed  with  an  amount  of  perman- 
ganate   solution    equivalent   to   three    atomic   proportions   of    oxygeii 
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(6  grams  KMnO^).  Oxidation  rapidly  ensued  with  the  development  of 
hoat,  all  the  permanganate  added  being  reduced.  The  acids  were  then 
extracted,  converted  into  their  methyl  esters,  and  the  latter  distilled, 
when  practically  all  passed  over  between  200  and  210°/15  mm.  This 
fraction  was  analysed  : 

0-1396  gave  0-3394  CO2  and  01316  H,0.     0-66-3;  H  =  10-5. 
Cjr,H.,gO^  requires  0  =  66-2  ;  H  =  10-3  per  cent. 
OjXo04        »      0  =  67-1;  H=  10-5       „ 

On  .standing,  this  fraction  deposited  a  solid  ester,  which  was  collected 
and  hydrolysed.  The  acid  thus  obtained,  after  several  crystallisation.s, 
melted  at  124°,  and  was  identical  with  ?i-dodecanedicarboxylic  acid, 
[OH._,],o(CO.,H)^,  which  had  previously  been  separated  from  the  pro- 
ducts of  the  direct  oxidation  of  chaulmoogric  acid.  It  was  evident, 
however,  from  the  analysis  of  the  above  fraction,  that  it  also  contained 
the  ester  of  /t-undecanedicarboxylic  acid. 

Fraction  260 — 270°/15  mm. — This  was  .spread  on  a  porous  plate  to 
remove  a  little  adhering  oil,  and  then  crystallised  from  methyl  alcohol. 
A  further  quantity  of  the  ester  of  the  ketonicacid,  melting  at  66°,  was 
separated  from  it,  but  the  greater  portion  melted  at  38°,  and  this  was 
analysed  : 

0-1167  gave  0-2790  OO2  and  0-1033  H,0.     0  =  65-2;  H  =  9-8. 
02iH3g0^  requires  0  =  65-3  ;  H  =  9-8  per  cent. 

This  ester  thus  agreed  in  composition  and  melting  point  with  the 
methyl  7i-pentadecane-aa'y-Lricarboxylate  previously  obtained,  and  a 
mixture  of  the  two  showed  no  diminution  in  melting  point. 

Action  of  Hydrogen  Bromide  on  Ethyl  Chauhnoograte. 

One  hundred  grams  of  ethyl  chaulmoograte  were  dissolved  in  500  c.c. 
of  light  petroleum  (b.  p.  40 — 50°),  and  the  solution,  kept  cool  by 
means  of  ice,  was  saturated  with  dry^  hydrogen  bromide.  After 
remaining  overnight,  the  solvent  was  removed  by  aspirating  a  current 
of  dry  air  through  the  liquid  under  diminished  pressure.  The  elliyl 
hromodihydrochauhnoograte  thus  obtained  was  a  heavy,  pale  yellow 
liquid,  having  an  agreeable  odour.  In  moist  air  it  slowly  decomposed, 
evolving  hydrogen  bromide  and  becoming  black.  For  the  purpose  of 
analysis  a  portion  was  repeatedly  exposed  to  a  gentle  heat,  and  then 
placed  in  a  vacuum  desiccator  containing  paratiiu  wax  and  caustic 
potash. 

0-1047  gave  02367  OOg  and  0-0892  HgO.     0  =  61-7;  H  =  9-5. 

O.^^Hg-OjjBr  I'equires  0  =  61-7  ;  H  =  9-5  per  cent. 
t^20°/20°=  1-0778. 
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2-8994  grams  in   25   c.c  of  chloroform   gave  aj,  +0°54'ina  2-dcm. 
tube,  wheuce  [a]„  +3'88°. 

The  eame  optical  value  was  obtained  from  several  different  prepara- 
tions, and  it  was  not  altered  by  their  further  treatment  with  hydrogen 
bromide. 

Rediiclion  of  Ethyl  BromodihydrocJiaulmoograte. — A  more  convenient 
way  of  preparing  dihydrochaulmoogric  acid  than  that  described  in  the 
previous  communication  (Trans.,  1904,  85,  857)  has  been  found  to  be 
by  the  reduction  of  ethyl  bromodihydrochaulmoograte  with  zinc  dust 
and  acetic  acid.  The  ethyl  dihydrochaulmoograte  thus  obtained  distils 
at  230°/22  mm.  When  cooled,  it  solidifies  to  a  mass  of  glistening 
needles,  which  melt  at  17°.  The  dihydrochaulmoogric  acid  obtained  by 
the  hydrolysis  of  this  ester  melted  at  71°,  and  is,  as  stated  in  the 
previous  communication  {loc.  cit.),  optically  inactive.  It  is  a  very 
stable  substance,  and  all  attempts  to  prepare  definite  oxidation  products 
from  it  resulted  in  its  complete  degradation. 

Elimination  of  Hydrogen  Bromide  from  Ethyl  Bromodihydrochaul- 
moograte.— The  bromo-ester  was  heated  with  an  alcoholic  solution  of 
potassium  hydroxide,  when  the  elements  of  hydrogen  bromide  were 
eliminated  with  the  simultaneous  hydrolysis  of  the  ester.  The  acid 
thus  obtained  was  converted  into  the  ethyl  ester  and  the  latter  dis- 
tilled. This  had  an  optical  rotation  of  -f  7°35'  in  a  1-dcm.  tube.  When 
the  hydrogen  bromide  was  eliminated,  either  by  the  distillation  of  the 
bromo-ester  or  by  heating  it  with  diethylaniline,  products  were  obtained 
which  had  a  rotatory  power  respectively  of  +  7°40'  and  -F  7°20'  in  a 
1-dcm.  tube. 

The  acid  obtained  by  the  action  of  alcoholic  potash  on  the  bromo- 
ester,  as  above  described,  when  fractionally  crystallised  was  found  to 
be  a  mixture,  and  no  pure  substance  could  be  isolated  from  it. 

Formation  of  a  Keto-dicarhoxylic  Acid,  Cj5H3qCO(C02H)2. — The 
above  mixture  of  acids  was  treated  in  the  cold  with  an  excess  of 
potassium  permanganate  in  the  presence  of  only  a  slight  excess  of 
alkali.  The  acids  thus  produced  were  converted  into  their  methyl 
esters,  and  the  latter  fractionally  distilled  under  15  mm.  pressure. 
A  portion  boiling  between  220  and  275°/15  mm.  deposited  a  consider- 
able quantity  of  a  crystalline  substance.  This  was  collected  and 
crystallised  from  methyl  alcohol,  from  which  it  separated  in  beautiful 
plates,  melting  at  64 — 65°.     On  analysis  : 

0-0966  gave  0-2389  CO.^  and  00877  H.p.     C  =  67-4  ;  H  -  101 . 
CgoHggOg  requires  C  =  67-4;  H  =  10-l  per  cent. 

This  ester,  on  hydrolysis,  yielded  an  acid  which  was  almost 
insoluble  in  ether.     The  acid  was  collected,    dried,  and  dissolved   in 
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hot  ethyl  acetate,  from  wliich,  on  cooling,  it  separated  in  small  needles 
melting  at  126"  : 

0-1128  gave  0-2716  CO2  and  0-0988  H^O.     C  =  G5-7;  H  =  9-7. 
CjgHggOg  requires  C  =  65-9  ;  H  =  9-8  per  cent. 

This  was  found  to  be  a  keto-acid,  since  it  gave  an  oxime  which,  after 
crystallisation  from  ethyl  acetate,  melted  at  67  —  68°. 

Two-and-a-half  grams  of  the  acid  were  oxidised  in  alkaline  solution 
with  3-8  grams  of  potassium  permanganate.  After  removing  the 
manganese  dioxide,  the  liquid  was  concentrated,  acidified  with 
sulphuric  acid,  and  distilled  with  steam.  From  the  small  amount 
of  acid  contained  in  the  distillate  a  barium  salt  was  prepared,  which 
gave  the  reactions  of  formic  and  acetic  acids. 

The  contents  of  the  distillation  flask  were  then  diluted  with  water, 
and  the  insoluble  acid  separated  by  filtration.  This  was  found  to 
consist  chiefly  of  n-dodecanedicarboxylic  acid,  which  had  previously 
been  obtained  by  the  direct  oxidation  of  chaulmoogric  acid.  The 
filtrate  was  concentrated  and  extracted  several  times  with  ether,  the 
ethereal  solution  dried  with  sodium  sulphate,  and  the  solvent  removed, 
when  a  small  quantity  of  a  crystalline  acid  was  obtained.  This 
melted  indefinitely  between  100°  and  130°,  evolved  gas  at  150 — 160°, 
indicating  the  presence  of  some  malonic  acid,  and  at  the  latter  tem- 
perature a  substance  sublimed  in  thin  needles,  which  was  identified  as 
oxalic  acid. 

From  considerations  discussed  in  the  introductory  jDortion  of  the 
paper,  it  is  seen  that  the  above-described  acid,  CjgHg^O^,  is  probably 
y-keto-(i-methyl-xi-pentadecane-aa'-dicarhoxylic  acid. 

II.  Hydnocarpic  Acid,  CjgHgsO^. 

The  hydnocarpic  acid  employed  in  this  investigation  was  prepared 
from  the  oil  of  Hydnocarpus  Wightiana  (Blume)  in  the  manner 
described  by  us  in  a  previous  communication  (Trans.,  1905,  87,  888). 
It  crystallises  in  colourless,  glistening  leaflets,  melting  at  60°,  and 
having  [aj^  +68°  in  chloroform  solution.  Like  its  higher  homologue, 
chaulmoogric  acid,  it  undergoes  change  on  keeping,  acquiring  a  yellow 
colour,  which  is  attended  with  a  lowering  of  the  melting  point.  If  it 
be  then  distilled  under  diminished  pressure,  a  brown,  resinous  substance 
is  left  in  the  distilling  flask.  Tiiis  change  takes  place  more  readily 
with  hydnocarpic  than  with  chaulmoogric  acid. 

Oxidation  of  Hydnocarpic  Acid  in  Alkaline  Solution  with  an  Excess 
of  Potassium  Permanganate. — Sixty-five  grams  of  hydnocarpic  acid 
were  dissolved  in  a  solution  of  18  grams  of  potassium  hydroxide  in 
3  litres  of  water.     To  this  was  gradually  added,  with  constant  stirring, 
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a  solution  of  270  grams  of  potassium  permanganate  in  7  litres  of 
water,  the  temperature  during  the  oxidation  being  kept  at  15 — 20°. 
After  standing  overnight,  the  excess  of  permanganate  was  removed 
with  sodium  bisulphite,  and  the  liquid  filtered.  The  acids  were  then 
liberated,  extracted,  and  converted  into  their  methyl  esters.  On 
distilling  the  latter  under  18  mm.  pressure  the  following  fractions 
were  obtained:  195—210°;  210—240°;  240—250°;  250— 255°/18  mm. 
The  first,  third,  and  fourth  of  these  fractions  solidified  almost  com- 
pletely on  standing. 

Isolation  of  n-Decanedicarboxylic  Acid. 

Fraction  195 — 210°/18  mm. — This  was  analysed  with  the  following 
result  : 

0-1334  gave  0-3142  CO2  and  0-1187  HgO.     C  =  64-2;  H-9-9. 
Cj^H^gO^  requires  0  =  65-1  ;  11=  101  per  cent. 
CigH^^O^         „        0  =  63-9;  H  =  9-8      „      „ 

This  ester  was  hydrolysed  and  the  acids  crystallised  from  ethyl 
acetate.  An  acid  was  thus  obtained  which  crystallised  in  small 
needles,  melting  at  123°  : 

0-1020  gave  0-2345  COg  and  0-0887  H^O.     0  =  62-7  ;  H  =  9  7. 
^12-^22^4  requires  0  =  626  ;  H  =  9  6  per  cent. 

This  acid  is  evidently  identical  with  the  ?i-decamethylenedicarboxylic 
acid  prepared  synthetically  by  Nbrdlinger  (Ber.,  1890,  23,  2357),  who 
found  it  to  melt  at  124-5-125-5°. 

Fraction  210 — 240°/ 18  mm. — This  was  very  small  in  amount,  and 
consisted  of  the  constituents  of  the  preceding  and  succeeding 
fractions. 

Isolation   oj    a     Tricarhoxylic     Acid,    0]gH2gOg     (n-Tridecane-aa'y-tri- 

carhoxylic   Acid). 

Fractions  240—250°  and  250— 255°/18  mm.— The  former  of  these 
two  fractions  was  the  largest  obtained,  but  they  were  found  to  consist 
essentially  of  the  same  substance.  The  solid  which  separated  from 
them  was  spread  on  a  porous  plate,  in  order  to  remove  a  little  adhering 
oil,  and  then  twice  crystallised  from  methyl  alcohol,  from  which  it 
separated  in  rosette-like  clusters  of  fine  needles,  melting  sharply  at  28°. 
On  distillation  the  ester  passed  over  at  245/15  mm.  as  a  colourless  oil, 
which  solidified  on  cooling  : 

0-1390  gave  0-3236  CO.  and  0-1 187  H^.     0  =  635  ;  H  =  9-5. 
p-1410     „     0-3284  OO2    „    0-1208  H2O.     0  =  63-5 ;  H  =  9-5. 
OjgHg^Og  requires  0  =  63-7  ;  H  =  9*5  per  cent. 
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2-0986  required  for  hydrolysis  33-4  c-c.  .V/2  NaOH,  the  calculated 
amount  for  Ci3H25(C02Me)3  being  35-1  c.c. 

The  hydrolysis  of  this  ester  yielded  an  acid  which  solidified  in  hard, 
warty  masses,  melting  at  52 — 55°.  The  acid  was  subsequently  dis- 
solved in  hot  ethyl  acetate,  from  which,  on  cooling,  it  separated  in 
aggregates  of  fine  needles,  melting  at  60^,  and  this  melting  point  was 
not  altered  by  further  crystallisation.     It  is  optically  inactive  : 

01239  gave  0-2750  COg  and  0-0993  HgO.     C  =  GO-5  ;  H  =  8-9. 

0-1106     „     0-2458  CO2    „    0-0876  H2O.     C  =  60'6 ;  H  =  8-8. 
CjgH28^;  requires  C  =  60-8  ;  H  =  8-9  per  cent. 

This  acid  is  a  lower  homologue  of  the  tricarboxylic  acid  obtained 
by  the  oxidation  of  chaulmoogi'ic  acid,  and,  from  considerations  noted 
in  the  introductory  portion  of  the  paper,  it  is  evidently  n-tridecane- 
aa  y-tricarboxi/lic  acid. 

We  desire  to  express  our  best  thanks  to  Sir  William  H.  Perkin, 
F.R.S.,  for  having  kindly  determined  for  us  the  magnetic  rotations 
recorded  in  this  paper,  and  also  to  Professor  A.  Crum  Brown,  F.R.S., 
for  having  favoured  us  with  a  specimen  of  ethyl  w-dodecanedicarb- 
oxylate. 

The  Wellcome  Chemical  Reseaucu  Labokatobies, 
London,  E.C. 


LVIII. — The  Formation  and  Heactions  of  Imino-com~ 
pounds.  Part  III.  The  Formation  of  I  :3- 
Naphthylenediamine  and  its  Derivatives  from 
o-Toluonitrile. 

By  Ernest  Francis  Joseph  Atkinson,  Harry  Ingham,  and 
JocELYN  Field  Thorpe. 

In  the  preceding  part  of  this  series  (Trans.,  1906,  89,  1906)  it  was 
demonstrated  that  derivatives  of  benzene  containing  a  saturated  side- 
chain  of  three  carbon  atoms  substituted  in  the  a-position  by  a  nitrile 
group  and  in  the  ^-position  by  an  imiuo-group  passed,  on  ti-eatment 
with  cold  concentrated  sulphuric  acid,  into  derivatives  of  1:3- 
naphthylenediamine,  ring  formation  taking  place  between  the  carbon 
atom  of  the  benzene  ring  in  the  o-position  to  the  side-chain  and  the 
carbon  atom  of  the  nitrile  group.  It  was  further  shown  that  this 
property  was  exhibited  by  other  substituted  compounds  of  this  class. 
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provided  that  a  hydrogen  atom  remained  attached  to  the  a-  and 
y-carbon  atoms  respectively.  The  general  formula  representing  this 
reaction  can  therefore  be  represented  as  follows  : 

CHR  CHR  R 


-^ 


c:nh 

CHR 


-^ 


NH. 


yCHR 

ON  c:nh 

(R  =  hydrogen  or  substituting  group). 

In  the  present  paper  it  is  shown  that  derivatives  of  benzene  con- 
taining a  satux'ated  side-chain  of  two  carbon  atoms  substituted  at  the 
a-carbon  atom  by  a  nitrile  group  and  at  the  /3-carbon  atom  by  an 
imino- group  also  pass  under  similar  treatment  into  derivatives  of 
1  : 3-naphthylenediamine  provided  that  the  ortho-position  in  the 
benzene  ring  in  respect  to  the  side-chain  is  occupied  by  a  methyl 
group.  In  this  case,  therefore,  ring  formation  takes  place  between 
the  carbon  atom  of  the  methyl  group  and  the  carbon  atom  of  the 
nitrile  group,  and  can  be  represented  by  the  following  general 
formula  : 

c:nh  c:nh 


NH. 


CHR 

c:nh 


— > 


CH, 


CH, 


(R  =  hydrogen  or  substituting  group). 

Following  along  the  lines  adopted  in  the  previous  research  in  which 
the  truth  of  the  first  generalisation  mentioned  above  was  established, 
it  is  apparent  that  one  of  the  best  compounds  to  test  the  truth  of  the 
second  would  be  ethyl  )8-imino-a-cyano-/3-o-tolylpropionate. 


CN 
Me 


+    CHNa(CN)-C02Et 


--> 


]C(:NH)CNa(CN)-CO,Et 


(I.)  (11.)  (III.) 

the  sodium  derivatives  of  which  (III)   should  be  readily  prepared  by 

the  condensation   of  o-toluonitrile    (I)  and   the  sodium   compound  of 

ethyl  cyanoacetate  (II). 

There    seems    to  be,   however,   very   little  tendency  for  an  ortho- 

substituted  nitrile  such  as  o-toluonitrile   to  enter   into   condensation 

with  ethyl  sodiocyanoacetate  to  form  an   imino-compound.     That  this 

is  due  to  the  pi-esence  of  the  methyl  group  is  shown  by  the  fact  that 

benzonitrile    readily    reacts    with    ethyl  sodiocyanoacetate  under    the 

same  conditions,  forming  the  sodium  dei'ivatives  of  ethyl  ^-imino-a- 

cyano-yS-phenylpropionate  (IV), 

C6H5-CN  +  CHN'a(CN)-CO^Et  -^  C^H5-C(:NH)-CKa(CN)-C02Et, 

(IV.) 
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and  that  it  is  the  ortho-position  of  the  methyl  group  which  is  the 
inhibiting  factor  is  indicated  by  the  fact  that  E.  v.  Meyer  (•/.  j/r. 
Chem.,  1895,  [ii],  52,  113)  prepared  y-imino-^-cyano-y-/;-toly]propane, 
CpII^Me-C{:NH)-CHMe(CN),  by  the  action  of  sodium  on  a  mixture  of 
^j)-toluonitrile  and  propionitrile  in  dry  ethereal  solution. 

It  is  possible  by  working  under  the  conditions  described  in  the 
experimental  portion  to  obtain  a  small  quantity  of  ethyl  /3-iraino- 
a-cyano-^-o-tolylpropionate  (I)  by  the  interaction  of  o-toluonitrile  and 
the  sodium  compound  of  ethyl  cyanoacetate  in  alcoholic  solution,  but 
the  yield  under  the  most  favourable  conditions  is  scarcely  5  per  cent, 
of  the  theoretical  amount,  and  it  is  frequently  less  than  this.  A 
means  was  therefore  sought  by  which  this  imino-compound  could  be 
prepared  in  larger  quantities,  and  ultimately  the  following  method 
was  found  to  give  slightly  better  results. 

Many  years  ago  v.  Baeyer  [Ber.,  1886,  19,  428)  succeeded  in  trans- 
forming ethyl  succinylsuccinate  into  its  di-imino-derivative  by  fusing 
this  ethyl  salt  with  dry  ammonium  acetate,  a  method  which  had  been 
introduced  shortly  before  by  Knorr  {Ber.,  1886,  19,  46).  On  apply- 
ing this  reaction  to  ethyl  cyano-o-toluoylacetate, 

C6H4Me-CO-CH(CN)-COoEt, 
a  compound  which  has  been  prepared  by  Haller  [Ber.,  1888,  21,  644) 
by  the  action  of  o-toluoyl  chloride  on  the  sodium  derivative  of  ethyl 
cyanoacetate,  it  was  found  that  its  transformation  into  the  imino- 
derivative  could  be  pai-tially  effected  by  heating  it  in  a  sealed  tube 
with  dry  ammonium  acetate  for  several  hours.  The  transformation 
is,  however,  only  partial,  and  the  conditions  are  difficult  to  regulate, 
since  a  slight  variation  in  the  temperature  of  the  reaction  brings 
about  either  a  complete  decomposition  of  both  the  keto-  and  the 
imino-ethyl  salts  or  leaves  the  former  entirely  unacted  on.  Those 
conditions  which  are  described  in  the  experimental  portion  were  found 
to  give  the  best  results;  the  yield,  however,  rarely  exceeded  15  per 
cent,  of  the  theoretical  amount.  Ethyl  yS-imino-a-cyano-^-o-tolyl- 
propionate  (V)  is  quantitatively  converted  into  ethyl  1  :  3-naphthyl- 
enediamine-2-carboxylate  (VI)  on  treatment  with  cold  concentrated 
sulphui  ic  acid  : 

c:nh  c:nh 


CH-CO.,Et  ,/    Y    \CH-COoEt 


CN 

•3 

(V.) 


CH3 
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but  the  change  does  not  take  place  quite  so  readily  as  in  the  case  of  ethyl 
yS-imino-a-cyano-y-phenylbutyrate  dealt  with  in  the  previous  paper. 
Thus  it  is  necessary  to  leave  the  ethyl  salt  in  contact  with  the  strong 
acid  for  a  slightly  longer  time  before  its  transformation  in  the  deriv- 
ative of  naphthalene  is  completely  effected. 

The  identity  of  the  product  with  ethyl  1  :  3-naphthylenediamine-2- 
carboxylate  prepared  by  the  action  of  concentrated  sulphuric  acid  on 
ethyl  /3-imino-a-cyano-y-phenylbutyrate  (Trans.,  1906,  89,  1920)  is 
shown  not  only  by  the  fact  that  the  two  compounds  possess  the  same 
melting  point,  but  also  by  the  fact  that  on  hydrolysis  they  are  both 
converted  in  the  same  1  :  3-naphthylenediamine-2-carboxylic  acid 
(VIT),  which  on  heating  above  its  melting  point  is  transformed  into 
1  :  3-naphthylenediamine  (VIII)  : 

NH„ 


(Vir.)  (VIII.) 

The  second  compound  chosen  to  illustrate  the  application  of  the 
second  generalisation  given  on  p.  579  was  ^-imino-a-cyano-a-phenyl-/3-o- 
tolylethane  (XI) : 

i-^CN       (.Hph.nj^  .        |^\c(:NH)-CH(CN)Ph, 


(IX.)  (X.)  ■       (XI.) 

which  should  be  produced  by  the  interaction  of  o-toluonitrile  (IX)  and 
benzyl  cyanide  (X)  in  the  presence  of  sodium  ethoxide. 

It  is  remarkable  that  this  condensation  should  proceed  with  much 
greater  i  eadiness  than  the  corresponding  condensation  of  o-toluonitrile 
with  ethyl  cyanoacetate,  and  not  only  is  this  the  case,  but  the  by-pro- 
ducts corresponding  with  those  formed  in  the  condensation  of  benzyl 
cyanide  with  its  sodium  derivative  (compare  Trans.,  1906,  89,  1930) 
are  entirely  absent  when  the  condensation  is  carried  out  under  the 
experimental  conditions  given  on  p.  588,  and  are  apparently  not  formed 
even  when  the  time  of  heating  is  increased  beyond  these  limits.  Since 
j8-imino-a-cyano-a-phenyl-/3-o-tolylethane  prepared  by  this  means  could 
not  be  obtained  in  a  solid  condition  even  after  being  purified  by 
fractional  distillation,  it  was  thought  that  it  might  be  /8-imino-a-cyano- 
ay-diphenylpropane,CH2Ph*C(!NH)*CII(CN)Ph,  which  had  been  formed 
by  the  condensation  of  benzyl  cyanide  with  its  sodium  derivative  and 
which  it  closely  resembled  both  in  appearance  and  properties,  and  that 
o-toluonitrile  had  not  entered  at  all  into  the  reaction. 

This  question  was,  however,  answered  by  hydrolysing  the  imino- 
pompound    by  means  of  alcoholic  potash,    when   the   formation  of  a 
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mixture  of  o-toluic  and  phenylacetic  acids,  a  method  for  the  separa- 
tion of  which  is  given  on  p.  589,  clearly  showed  that  the  condensation 
product  was  /3-imino-a-cyano-a-phenyl-^-o-tolylethane,  since  the  hydro- 
lysis had  evidently  taken  place  in  accordance  with  the  scheme  : 
C,jH4Me-C(:NH)-Cll(CN)Ph 


C^H^Me-CO^H  CH.^(C02H)Ph 

Cold  concentrated  sulphuric  acid  instantly  transforms  /3-imino-cr- 
cyano-a-phenyl-^-o-tolylethane  (Xll)  into  1  : 3-diamino-2-phenylnaph- 
thalene  (XIII)  : 

c:nh  c:nh  nh. 


\ 


CHPh  f    V    >OHPh 

I 


CN        -->     \  A   >c:nh     _> 


C1I3  CH2 


(XII.)  (XIII.) 

The  compound  formed  being  identical  with  1  : 3-diamino-2-phenylnapK- 
thalene  derived  by  the  action  of  concentrated  sulphuric  acid  on  ^-imino- 
a-cyano-ay-diphenylpropane  (compare  Trans.,  1906,  89,  1934). 

During  the  course  of  these  investigations  two  other  condensations 
were  studied,  partly  because  the  conditions  of  the  formation  of  the  con- 
densation products  were  of  importance  in  connexion  with  the  condensa- 
tions dealt  with  in  this  paper  and  partly  because  we  wished  to  ascertain 
the  action  of  concentrated  sulphuric  acid  on  imino-cyano-compounds 
containing  a  benzene  ring  to  which  a  side-chain  of  less  than  three 
carbon  atoms  was  attached  and  which  had  no  substituting  methyl  group 
in  the  ortho-position  in  the  benzene  nucleus. 

The  first  condensation  investigated  was  that  of  benzonitrile  with  the 
sodium  compound  of  ethyl  cyanoacetate,  which  was  studied  in  order  to 
ascertain  whether  the  failure  of  o-toluonitrile  to  enter  into  condensation 
with  this  ethyl  salt  was  shared  by  other  nitriles  containing  the  nitrile 
group  directly  attached  to  the  benzene  ring.  It  was  found,  however, 
that  a  good  yield  of  ethyl  ;8-imino-a-Gyano-y8-phenylpropionate  (IV)  was 
obtained  by  this  means,  the  reaction  proceeding  in  accordance  with  the 
equation  given  on  p.  579. 

The  other  condensation  was  that  of  benzonitrile  with  the  sodium 
derivative  of  benzyl  cyanide,  which  was  found  to  proceed  in  much  the 
same  way  as  the  corresponding  condensation  of  benzyl  cyanide  with  its 
sodium  derivative.  In  the  condensation  of  benzyl  cyanide  with  its 
sodium  derivative  it  was  shown  that  the  product,  after  heating  the 
condensing  constituents  on  the  water-bath  for  two  hours,  consisted  of 
ia  mixture  of  about  equal  proportions  of  /5-imino-a-cyano-ay-diphenyl- 


REACTIONS   OF    IMINO-COMPOUNDS.      PART   III.  583 

propane,  a-cyano-ay-dibenzylketone,  and  cyanbenzyline  (compare 
Trans.,  1906,  89,  1931),  ethylamine  being  at  the  same  time 
eliminated. 

The  condensation  of  benzonitrile  with  the  sodium  compound  of 
benzyl  cyanide  proceeds  in  precisely  the  same  way,  and  after  heating 
the  constituents  on  the  water-bath  for  two  hours  the  product,  which 
had  a  strong  odour  of  ethylamine,  was  found  to  consist  of  about  equal 
quantities  of  /?-imino-a-cyano-a/3-diphenylethane, 

CPh(:NH)-CHPh-CN, 
formed   by  the   direct  condensation   of  the  two   nitriles,    cyanodeoxy- 
benzoin,  COPh'CHPh'CN,  formed  by  the  "  alcoholysis  "  of  the  imino- 
compound,  and  6-amino-2  :  4  :  5-triphenylpyrimidine, 

formed  by  the  condensation  of  two  molecular  proportions  of  benzo- 
nitrile with  one  of  benzyl  cyanide.  It  is  remarkable  that  the  corre- 
sponding condensation  of  o-toluonitrile  with  the  sodium  compound  of 
benzyl  cyanide  already  referred  to  on  p.  581  should  yield  none  of 
these  secondary  pi^oducts,  but  should  proceed  directly  with  the  forma- 
tion of  the  true  condensation  product. 

When  ethyl  ^-imino-a-cyano-/3-phenylpropionate(XI  V)  is  treated  with 
cold  concentrated  sulphuric  acid  no  immediate  reaction  takes  place 
although  the  solution  becomes  deep  red.  There  is  therefore  no 
apparent  tendency  for  this  compound  to  be  converted  into  the  di-imino- 
hydrindene  derivative  in  accordance  with  the  equation  : 

c:nh  c:nh 


CH-CO.,Et        -->      I        I       ^V^-COgEt. 
CN  \/         ^'^^  ^ 

(xiy.) 

When  left  in  contact  with  the  strong  acid  for  some  days  the  ethyl  salt 
is  completely  converted  into  benzoylacetamide  (XV),  which  can  be 
obtained  by  pouring  the  strong  acid  solution  into  water  : 

CPh(:NH)-CH(CN)-COoEt.  — ^  COPh-CH./CO-NHg. 

(XV.) 
The  same  reaction  is   shown  by  /3-imino-a-cyano-a/3-diphenylethane 

^(XVI),  which  does  not  immediately  react  with  concentrated  sulphuric 
acid,  but  is  completely  converted  after  standing  in  the  cold  for  three 
days   into    benzoylphenylacetamide    (XYII).       This    product    is    also 
formed  when  the  strong  acid  solution  is  poured  into  water. 
1  CPli(:NH)-CH(CN)Ph.  COPh-CHPh-CO-NHg. 

(XVI.)  (XVII.) 

There  is,  therefore,  apparently  no  tendency  for  these  compounds  to 
be  converted  into  derivatives  of  hydrindene  although  the  formation  in 
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each  of  the  above  instances  of  a  red  condensation  product,  which  was, 
however,  too  small  for  further  investigation,  seems  to  show  that  the 
reaction  proceeds  partly  in  that  direction. 

Experiments  are,  however,  in  progress  which  show  that  the  action 
of  concentrated  sulphuric  acid  on  nitriles  gives  rise  to  a  definite 
addition  product  the  formation  of  which  may  be  probably  represented 
by  the  general  equation  : 

•C-N  +  H.SO^  -^  -CINH 

SO4H      • 

In  some  cases,  the  details  of  which  it  is  hoped  will  shortly  be  placed 
before  the  Society,  these  sulphuric  acid  addition  products  have  been 
isolated  as  crystalline  compounds  which  are  found  to  be  extremely 
reactive  substances.  The  transformation  of  nitriles  into  the  amides  of 
the  corresponding  acids  which  has  been  observed  by  many  investigators 
is,  we  find,  caused  by  the  action  of  water  on  the  sulphuric  acid  addition 
pi'oduct  thus : 

•C(S04H):NH  +  H20  -^  -CO-NHa  +  HgSO^. 

If,  however,  there  is  a  tendency  for  the  compound  to  enter  into  ring 
formation  then  sulphuric  acid  is  eliminated  thus  : 
CH2 


\y         CH-COaEt  ^     *->     \/\      CH-C02Et       ^ 

CN  c:nh 

SO4H 


CH-CO^Et    +^2^^4- 


c:nh 

In  the  two  compounds  ethyl  y8-imino-a-cyano-/3-phenylpropionate 
(XIV)  and  ^-imino  a-cyauo-a;8-diphenylethane  (XVI)  it  is  this  addition 
product  with  sulphuric  acid  which  on  treatment  with  water  yields  the 
amide,  and  it  is  therefore  probable  that  on  further  investigation  the 
conditions  under  which  sulphuric  acid  is  eliminated  and  the  ring 
formed  will  be  discovered.  A  complete  study  of  the  action  of  concen- 
trated sulphuric  acid  on  the  nitriles  and  the  conditions  under  which 
sulphuric  acid  is  eliminated  from  them  with  the  formation  of  carbon 
rings  is  in  progress. 


REACTIONS   OF    IMINO-COMPOUNDS.      PART    HI.  585 


Uthyl-/3-imino  a-ci/a no- (i-o-tolyl]yfopionate, 
CgH4Me-C(:NH)-CH(CN)-C02Et. 

(1)  Condensation  of  o-Toluonitrile  with  the  Sodium  Derivative  of 
Ethyl  Cyanoacetate. — This  condensation  was  effected  in  the  following 
manner.  11 '5  Grams  of  sodium  were  dissolved  in  140  grams  of  abso- 
lute alcohol  and  the  solution  mixed  with  57  grams  of  ethyl  cyano- 
acetate, and  subsequently  with  59  grams  of  o-toluonitrile.  The  mixture 
was  then  heated  on  the  water-bath  until  the  white  sodium  derivative 
had  completely  dissolved,  when  it  was  transferred  to  a  convenient 
number  of  thick-walled  glass  flasks  which  had  been  blown  from 
ordinary  Carius  tubing.  When  these  flasks  had  been  three-parts 
filled  with  the  liquid  they  were  sealed  in  the  ordinary  way  and  heated 
in  a  paraflin  bath  at  120°  for  twenty -four  houi'S.  After  cooling,  the 
flasks  were  opened  and  the  viscid  gelatinous  contents  dissolved  in 
dilute  hydrochloric  acid,  the  oil  which  then  separated  being  extracted 
by  means  of  ether.  The  ethereal  solution  was  washed  thoroughly  with 
water  and  then  with  dilute  aqueous  sodium  carbonate,  being  finally 
evaporated  free  from  ether  and  the  residue  distilled  with  steam.  By 
this  means  the  whole  of  the  unchanged  o-toluonitrile  was  removed 
from  the  product,  the  residue,  which  solidified  on  cooling,  being  then 
separated  by  filtration.  The  ethyl  salt  was  crystallised  from  absolute 
alcohol,  being  obtained  in  this  way  in  white,  glistening  prisms  melting 
at  135°: 

0-1881  gave  0-4667  CO,  and  0-1055  Hp.     C  =  67-67  ;  H  =  6-23. 
CjgHj^OgN^  requires  C  =  67*8;  H  =  6-l  per  cent. 

The  yield  of  ;8-imino-a-cyano-^-o-tolylpropionate  obtained  by  this 
process  is  exceedingly  small,  being  scarcely  5  per  cent,  of  the 
theoretical  amount.  Since  no  better  yield  was  obtained  by  varying 
the  conditions  of  the  experiment,  the  following  process  was  tried  with 
slightly  better  success. 

(2)  Action  of  A'/nmonium  Acetate  on  Ethyl  Gyano-o-toluoylacetate. — 
Ethyl  cyano-o-toluoylacetate  has  been  prepared  by  Haller  i^Ber.,  1888, 
21,  664)  by  the  action  of  o-toluoyl  chloride  on  the  sodium  compound 
of  ethyl  cyanoacetate.  The  details  of  the  preparation  of  this  sub- 
stance which  we  found  most  convenient  were  as  follows.  Sixty  grams 
of  ethyl  cyanoacetate  were  added  to  a  solution  of  11  "5  grams  of  sodium 
dissolved  in  140  grams  of  absolute  alcohol  and  the  white  sodium 
derivative  which  separated  on  cooling  filtered  by  the  aid  of  the  pump. 
After  being  washed  with  dry  ether,  the  sodium  compound  was  trans- 
ferred to  a  large  flask,  ether  added,  and  then,  gradually,  77  grams  of 
o-toluoyl  chloride.  A  vigorous  reaction  started  as  soon  as  the  acid 
chloride  was  added,  and  several  times  during  the  process  of  the  addition 
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llie  contents  of  the  fla.sk  had  to  be  cooled  under  running  water.  When 
all  the  chloride  had  been  added  the  ethereal  solution  was  mixed  with 
water,  separated  in  the  funnel,  and  after  being  thoroughly  washed 
with  water  and  dilute  aqueous  sodium  carbonate,  dried  and  evaporated 
free  from  ether.  The  oily  residue,  on  being  distilled  under  diminished 
pressure,  passed  over  almost  constantly  at  180 — 181°  (20  mm.)  as  a 
viscous,  colourless  oil  which  slowly  solidified  on  standing.  The  solid 
was  spread  on  a  porous  plate  and  crystallised  from  dilute  alcohol, 
being  obtained  in  colourless,  glistening  plates  melting  at  37°  : 

0-1789  gave  0-4420  CO.  and  0-0931  HgO.     C  =  07-38  ;  11  =  5-78. 
CJ3HJ3O3N  requires  0  =  675  ;  K  =  5-6  per  cent. 

The  conversion  of  ethyl  cyano-o-toluoylacetate  into  the  correspond- 
ing imino-compound  was  effected  by  the  action  of  ammonium  acetate, 
the  process  being  much  the  same  as  that  employed  by  v.  Baeyer  [Ber., 
1886,  19,  428)  for  the  preparation  of  the  di-imide  of  ethyl  succinyl- 
succinate  from  ethyl  succinylsuccinate,  although  in  the  present  instance 
the  change  takes  place  with  much  greater  dithculty,  and  the  yield  of 
the  imino-compound  is  not  nearly  so  satisfactory. 

Twenty  grams  of  ethyl  salt  were  dissolved  in  200  grams  of  dry 
melted  ammonium  acetate  and  the  mixture  heated  in  a  sealed  Carius 
tube  at  1 20°  for  six  hours.  After  this  time  the  tube  was  opened  and 
the  liquid  contents  poured  into  cold  water,  when,  on  standing,  a  solid 
crystalline  substance  separated.  This  was  collected,  dried,  and  re- 
crystallised  twice  from  absolute  alcohol,  being  thus  obtained  in  white, 
glistening  prisms  melting  at  135°: 

0-1890  gave  0-4672  CO.,  and  0-1061  H.O.     C  =  67-41 ;  H  =  623. 
CjgHjjjOgN.,  requires  C  =  67-8  ;  H  —  6-1  per  cent. 

The  compound  was  identical  with  ethyl  /3-imino-a-cyano-^-o-tolyl- 
propionate  prepared  from  o-toluonitrile  and  ethyl  sodiocyanoacetate  in 
the  manner  already  described,  and,  although  the  yield  of  the  ethyl 
salt  is  greater  when  working  through  the  toluoylacetate  than  by  direct 
condensation,  yet  in  the  former  case  it  is  far  from  satisfactory,  being 
only  15  per  cent,  of  the  theoretical  quantity  from  the  amount  of  ethyl 
cyano-o-toluoylacetate  used.  In  fact,  the  ethyl  imino-salt  appears  to 
be  an  exceedingly  difficult  compound  to  prepare  in  any  quantity. 

Ethyl  y8-imino-a-cyano-^-o-tolylpropionate  is  readily  soluble  in  hot 
alcohol  and  benzene,  but  sparingly  so  in  these  solvents  in  the  cold  ; 
it  is  practically  insoluble  in  light  petroleum.  The  ethyl  salt  is  not 
acted  on  by  cold  dilute  aqueous  alkalis,  a  fact  which  serves  to  dis- 
tinguish it  from  the  cori-esponding  toluoyl  derivative  which  is  readily 
dissolved  by  these  reagents. 

Hydrolysis  of  Ethyl  (i-Imino-a-cyano-fi-o-tolylp^ojnonate. — As*  in  the 
cases  of  similar  ethyl  imino-salts   already  dealt   with,  the  constitution 
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of  the  above  substance  was  determined  by  means  of  alkab'ne  hydro- 
lysis previous  to  its  transformation  into  the  naphthalene  ring  in  oi-der 
that  its  formula  might  be  established  beyond  question.  The  h)  drolysis, 
which,  as  was  to  be  expected,  yielded  a  mixture  of  o-toluic  and 
malonic  acids,  was  carried  out  as  follows.  Seven  grams  of  the  ethyl 
salt  were  dissolved  in  a  solution  of  8  grams  of  potash  dissolved  in 
absolute  methyl  alcohol,  and  the  solution  heated  on  the  water-bath 
until  the  odour  of  ammonia  ceased  to  be  apparent,  and  until  a  test  por- 
tion on  dilution  with  water  remained  clear,  when  it  was  povired  into 
an  evaporating  basin  and  freed  from  methyl  alcohol  by  evaporation  on 
the  water-bath.  The  solid  residue  was  then  dissolved  in  water  and 
the  solution  acidified  with  hydrochloric  acid,  the  oil  which  then  separ- 
ated and  which  rapidly  solidified  being  separated  by  filtration.  It 
crystallised  from  water  in  long,  colourless  needles  melting  at  102°,  and 
was  proved  by  the  following  analysis  to  be  o-toluic  acid  : 

0-2103  gave  05455  CO.^  and  0-1097  H.O.    C  =  70-74;  H  =  5-79. 
CgHgOg  requires  C  =  70-6  ;   H  =  59  per  cent. 

The  aqueous  solution,  after  being  filtered  from  the  above  acid,  was 
extracted  with  ether  in  order  to  remove  the  last  traces  of  o-toluic  acid 
and  was  then  evaporated  to  dryness  on  the  water-bath,  the  solid  residue 
being  subsequently  exti-acted  in  a  Soxhlet  apparatus  with  ether.  The 
ethereal  solution,  after  being  dried,  was  evaporated  free  fx-om  ether, 
leaving  a  solid  residue  which,  since  it  melted  at  132°  with  decomposi- 
tion and  gave  acetic  acid  on  distillation,  evidently  consisted  of  malonic 
acid. 

Formation  oj  Ethyl  1  :  Z-Naphthylenediamine-2-carboxylate  from 
Ethyl  j3-Tmino-a-cyano-(3-o-tolyljyi-opionate. — In  order  to  effect  this 
transformation  10  grams  of  the  ethyl  salt  were  added  gradually  to 
30  grams  of  concentrated  sulphuric  acid  cooled  in  ice.  The  solid 
rapidly  dissolved  and  the  solution  became  greenish-yellow  in  colour. 
It  was  allowed  to  stand  for  ten  minutes  after  the  last  portion  of  the 
ethyl  salt  had  been  added,  and  was  then  poured  on  ice,  when  a  clear 
yellow  .solution  was  obtained  from  which  a  yellow,  crystalline  pre- 
cipitate separated  on  standing.  This  was  collected  by  filtration,  dis- 
solved in  a  little  cold  water,  the  solution  rendered  alkaline  with 
ammonia,  and  the  resulting  yellow  precipitate  collected  by  filtration. 
It  crystallised  from  ether  in  golden-yellow  plates  melting  at  108"^: 

0-2232  gave  05547  CO^  and  01251  H,0.     G  =  67-77  ;  H  =  6-22. 
Cj3Hj^02N2  requires  0  =  67-8  ;  H  =  6'l  per  cent. 

This  substance  was  proved  to  be  identical  with  ethyl  1  : 3-naph- 
thylenediamine-2-carboxylate  prepared  by  the  action  of  concentrated 
sulphuric  acid  on  ethyl  ^-imino-a-cyano-y-phenylbutyrate,  not  only  by 
direct  comparison  with  this  substance,  but  also  by  the  fact  that  on 
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hydrolysis  with  methyl-alcoholic  potash  it  was  converted  into 
1  : 3-naphthylenediamine-2-carboxylic  acid  melting  at  85'-'  with  decom- 
position, which  in  its  turn  was  transformed  into  1  :  3-naphthylene- 
diamine  melting  at  96",  on  heating  at  100'^  (compare  Trans.,  190G,  89, 
1920  et.  seq.). 

(3-Imi7io-a-ci/a7io-a-phen7/l-fi-o-tolylethane. — The  condensation  between 
benzyl  cyanide  and  o-toluonitrile  was  effected  in  the  following  way. 
11 -5  Grams  of  sodium  were  dissolved  in  140  grams  of  alcohol,  the 
solution  mixed  with  59  grams  of  benzyl  cyanide  and  then  with 
60  grams  of  o-toluonitrile.  After  the  mixture  had  been  heated  on  the 
water-bath  for  two  and  a  half  hours,  water  was  added,  and  the  oil  which 
then  separated  extracted  with  ether.  The  ethereal  solution  after  being 
washed  with  water  was  thoroughly  shaken  with  hydrochloric  acid 
(3  :  1)*,  and  finally  with  dilute  aqueous  sodium  carbonate  solution.  It 
was  then,  without  drying,  freed  from  ether  by  evaporation,  and  the 
residue  distilled  in  a  current  of  steam. 

When  the  product  had  been  freed  from  unchanged  benzyl  cyanide 
and  o-toluonitrile  by  this  means,  the  residual  oil  was  again  extracted 
with  ether,  the  ethereal  solution  dried  and  evaporated  free  from  ether, 
the  brown  oil  which  remained  being  distilled  under  diminished 
pressure.  Practically  the  whole  of  the  product  distilled  constantly  at 
275°  (20  mm.)  as  a  viscous  oil  which  did  not  show  any  tendency 
to  crystallise  : 

0-1992  gave  0-6008  CO.,  and  01071  K.p.     0  =  8225;  H  =  5-97. 
CjjjHj^N^  requires  0  =  82-0  ;  H  =  60  per  cent. 

It  is  possible  that  traces  of  y8-imino-a-cyano-ay-diphenylpropane, 
formed  by  the  condensation  of  benzyl  cyanide  with  its  sodium 
derivative  (compare  Trans.,  1906,  89,  1930),  may  be  mixed  with  this 
product  and  hence  prevent  it  from  crystallising.  The  compound  seemed 
to  be,  however,  a  perfectly  homogeneous  substance  distilling  without  any 
tendency  to  decompose  under  a  pressure  of  20  mm.,  whereas  )8-imino- 
a-cyano-ay-diphenylpropane  as  already  mentioned  {loc.  cit.)  has  to  be 
rapidly  distilled  in  small  quantities  under  this  pressure,  otherwise 
decomposition  sets  in.  /8-Imino-a-cyano-a-phenyl-/S-o-tolylethane,  there- 
fore, like  its  isomeride,  appears  to  be  a  liquid  under  ordinary  con- 
ditions. 

Hydrolysis  of  (3-Imino-a-cyano-a-phe)iyl-/3-o-tolylethane. — The  consti- 
tution of  this  substance  was  determined  in  the  usual  way  by  alkaline 
hydrolysis.  Ten  grams  of  the  imino-compound  were  mixed  with  an 
alcoholic  solution  of  10  grams  of  potash  and  the  mixture  heated  on 
the  water-bath  until  a  test  portion  on  diluting  with  water  i^emained 

*  To  remove  ;iny  pyrimidine  derivative  wliich  may  have  been  produced  (compare 
Trans.,  1906,  89,  1931).  In  this  case,  however,  no  third  layer  was  formed,  indi- 
cating that  no  derivative  of  pyrimidine  was  present. 
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clear.  The  alcohol  was  then  completely  eliminated  by  evaporation  on 
the  water-bath  and  the  product,  after  being  diluted  with  water, 
acidified  with  hydrochloric  acid.  The  solid  acids  which  were  pre- 
cipitated by  this  means  were  collected  by  filtration.  They  were 
separated  by  taking  advantage  of  the  fact  that  the  calcium  salt 
of  o-toluic  acid  is  less  soluble  in  alcohol  than  the  calcium  salt  of  phenyl- 
acetic  acid.  The  separation  was  effected  as  follows.  The  mixed  acids 
were  dissolved  in  water,  and  the  solution  mixed  with  excess  of  pure 
calcium  carbonate.  As  soon  as  all  effervescence  had  ceased  the  aqueous 
solution  was  separated  from  the  unchanged  carbonate  by  filtration  and 
evaporated  to  a  small  bulk  on  the  water-bath.  When  crystallisation 
commenced  the  solution  was  allowed  to  cool,  and  the  mixed  calcium 
salts  which  then  crystallised  out  were  separated  by  filtration  and  dried 
on  a  porous  plate.  For  the  purpose  of  separation  the  salts  were  dis- 
solved in  hot  90  per  cent,  alcohol  (sp.  gr.  0*81)  and  the  solution 
allowed  to  cool.  The  calcium  salt  which  then  separated  was  collected 
and  again  recryftallised  from  alcohol,  the  process  being  repeated  a 
third  time,  when  a  product  was  obtained  which  on  reconversion  into 
the  acid  gave  a  solid  which  melted  at  100 — 102°.  It  was  finally 
purified  by  recrystallisation  from  water  and  obtained  in  long  needles 
melting  at  104°,  which  from  the  following  analysis  evidently  consisted 
of  o-toluic  acid  : 

0-2106  gave  0-5218  CO2  and  01235  HoO.     0  =  67-51  ;  H  =  6-51. 
CyHgOo  requires  0  =  67-8  ;  H  =  6-4  per  cent. 

The  calcium  salt  obtained  on  evaporating  the  mother  liquors  from 
the  above  separation  to  dryness  was  again  treated  in  the  same  way, 
yielding  a  further  quantity  of  the  calcium  salt  of  o-toluic  acid.  The 
ultimate  residues  were  then  reconverted  into  the  acid,  yielding  a  pro- 
duct which  melted  at  76°  and  which  possessed  the  characteristic 
appearance  and  odour  of  phenylacetic  acid. 


Formation  of  1  :  S-Diam{no-2-phent/lnaphthalene/ro7n  /3-Imino- 
a-cyano-a-2)henyl-/3-o-to?yletha7ie. 

In  order  to  effect  this  transformation  20  grams  of  the  imino-com- 
pound  were  added  gradually  to  three  times  its  weight  of  well-cooled, 
concentrated  sulphuric  acid. 

The  solution,  which  became  greenish-yellow  in  colour,  was  allowed  to 
stand  for  two  minutes  after  the  last  quantity  of  the  imino-compound 
had  been  added,  and  was  then  poured  into  a  large  volume  of  water. 
The  solution  thus  obtained,  after  being  filtered  to  remove  a  small 
quantity  of  insoluble  matter,  was  rendered  alkaline  with  ammonia,  and 
the  resulting  copious  precipitate  isolated  by  filtration.     By  crystallisa- 
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tion  from  methyl  alcohol  the  base  was  obtained  in  glistening  plates 
melting  at  116"  : 

0-2085  gave  0-62G5  COg  and  0-1137  HgO.     C  =  81-95  ;  H  =  605. 
CjgHj^Ng  requires  C  =  82-0  ;  H  =  6*0  per  cent. 

This  base  was  proved  to  be  identical  with  that  derived  from  ^-imino- 
a-cyano-ay-diphenylpropane  (Trans.,  190G,  89,  1934),  not  only  by 
direct  comparison  with  the  substance,  but  also  by  the  fact  that  on 
treatment  with  acetyl  chloride  it  was  converted  into  the  same  diacetyl 
derivative  melting  at  267°. 

Ethyl  P-Imino-a-cyano-P-phenylpropionate. 

The  condensation  between  benzonitrile  and  the  sodium  compound  of 
ethyl  cyanoacetate  was  effected  in^the  following  way.  1 1  5  Grams  of 
sodium  were  dissolved  in  140  grams  of  alcohol  and  the  solution  mixed 
with  57  grams  of  ethyl  cyanoacetate,  and  then  with  52  grams  of 
benzonitrile,  the  whole  being  heated  on  the  water-bath  for  ten  hours. 
At  the  end  of  this  time  the  contents  of  the  flask  had  become  almost 
solid,  owing  to  the  formation  of  a  brown,  gelatinous  solid.  Water  was 
added,  and  the  solution  after  being  strongly  acidified  with  hydro- 
chloric acid  was  extracted  thoroughly  with  ether. 

The  ethereal  extract  was  washed  with  water  and  then  with  dilute 
sodium  carbonate  solution,  being  finally  evaporated  free  from  ether 
and  distilled  in  a  current  of  steam  until  all  unchanged  benzonitrile 
had  passed  over.  The  residue,  which  consisted  of  a  dark  brown,  heavy 
oil,  solidified  on  cooling.  It  was  collected  by  filtration  and  crystal- 
lised from  alcohol,  being  obtained  in  lustrous  plates  melting  at  125°  : 

0-1945  gave  0-4744  CO2  and  0-1007  HgO.     C  =  66-52;  H  =  5-71. 
^12^12^2^2  requires  C  =  66-7  ;  H  =  5-6  per  cent. 

The  compound  closely  resembles  both  in  appearance  and  properties 
its  next  higher  homologue,  ethyl  /?-imino-a-cyano-y-phenylbutyrate,  and 
also  melts  at  the  same  temperature  as  this  substance.  Its  constitution 
was  determined  by  hydrolysing  it  with  an  alcoholic  solution  of  potash, 
the  hydrolysis  being  effected  by  boiling  the  ethyl  salt  with  a  methyl- 
alcoholic  solution  of  1^  times  the  calculated  quantity  of  potash  until  a 
test  portion  was  completely  soluble  in  water ;  the  alcohol  was  then 
evaporated  and  the  residue,  after  being  diluted  with  water,  acidified  by 
means  of  hydrochloric  acid.  The  white,  crystalline  precipitate  which 
then  separated  was  collected  by  the  aid  of  the  pump  and  recrystal- 
lised  from  hot  water.  It  melted  at  121°  and  gave  all  the  reactions  of 
benzoic  acid.  The  aqueous  solution  was  evaporated  to  dryness  and  the 
residue  extracted  in  a  Soxhlet  apparatus  with  ether.  The  dried 
ethereal  solution  on  evaporation  yielded  malonic  acid  melting  at  132°. 
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Actio7i  of  Concentrated  Sulphuric  Acid  on  Ethyl  (S-Imino-a-cyano-ft' 
p/ienylpr'opioncUe. 

Concentrated  sulphuric  acid  has  no  immediate  action  on  ethyl 
y8-imino-a-cyano-^-phenylpropionate,  and  the  ethyl  salt  can  be  dissolved 
in  the  strong  acid  without  apparent  change,  since  it  can  be  recovered 
on  pouring  the  solution  into  water.  If,  however,  the  solution  is  left 
to  stand  for  some  days,  the  ethyl  salt  is  converted  into  benzoyl- 
acetamide.  Ten  grams  of  the  imino-compound  were  added  gradually 
to  three  times  its  weight  of  concentrated  sulphuric  acid,  and  the  solu- 
tion, after  standing  for  three  days,  poured  into  a  large  volume  of  water. 
The  solution  became  deep  red,  and  a  red,  flocculent  jDrecipitate  separated 
on  standing.  This  was  collected  by  filtration,  but  the  quantity  proved 
too  small  for  further  investigation.  Tire  filtrate  was  rendered  alkaline 
with  ammonia  and  extracted  with  ether,  the  ethereal  solution  being  dried 
and  evaporated  free  from  ether.  The  residual  solid  was  crystallised 
from  a  little  water  and  obtained  in  lustrous  plates  melting  at 
114 — 115°  with  evolution  of  gas  at  160°  : 

0-1661  gave  0-4037  CO2  and  0-0831  H2O.     C  =  66-28;  H  =  5-56. 
CgHgOgN  requires  C  =  66'3  ;  H  =  5-5  per  cent. 

The  compound  is  evidently  identical  with  benzoylacetamide, 
COPh-CHg-CO-NHg, 
which  Obrogia  {Annalen,   1891,  266,  332)  prepared  by  the  action  of 
concentrated  sulphuric  acid  on  w-cyanoacetophenone  and  described  as 
melting  at  111— 113° 


Condensation  of  the  Sodium  Compound  of  Benzyl  Cyanide  with 

Benzonitrile. 

The  interaction  of  benzyl  cyanide  and  benzonitrile  in  the  presence  of 
metallic  sodium  has  already  been  studied  by  a  number  of  investigators. 
The  object  of  the  present  experiments  was  to  determine  whether  the 
condensation  between  these  two  nitriles  in  the  presence  of  sodium 
ethoxide  would  proceed  in  the  same  way  as  the  corresponding  con- 
densation of  benzyl  cyanide  with  its  sodium  derivative  (compare 
Trans.,  1906,  89,  1930). 

11-5  Grams  of  sodium  were  dissolved  in  140  grams  of  alcohol  and  a 
mixture  of  58  grams  of  benzyl  cyanide  and  52  grams  of  benzonitrile 
added,  the  whole  being  heated  on  the  water-bath  for  three  hours. 
During  the  time  of  heating  the  odour  of  ethylamine  was  very  strong, 
showing  that  the  imino-group  was  being  "hydrolysed"  in  the  same 
manner  as  in  the  corresponding  experiment  with  benzyl  cyanide.  After 
being  heated  for  the  time  stated,  the  contents  of  the  flask,  which  were 
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quite  solid,  were  treated  with  water  and  extracted  with  ether,  the  ethereal 
solution  after  being  washed  with  water  and  dilute  sodium  carbonate 
solution  evaporated  free  from  ether,  and  the  residue  distilled  in  a  current 
of  steam.  When  all  the  unchanged  benzyl  cyanide  and  benzonitrile 
had  passed  over,  the  viscid,  oily  residue  was  extracted  by  means  of 
ether,  and  the  ethereal  solution  thoroughly  shaken  with  a  mixture  of 
three  parts  of  concentrated  hydrochloric  acid  to  one  of  water.  By 
this  means  a  large  quantity  of  a  semi-solid  hydrochloride  which  was 
extracted  from  the  ethereal  solution  was  separated  in  the  funnel  and 
converted  into  the  free  base  by  treatment  with  sodium  carbonate 
solution.  The  white  product  thus  obtained  gave,  on  crystallisation 
from  alcohol,  fine,  white  needles  melting  at  177°: 

0-1563  gave  0-4698  COg  and  0-0782  H,0.     0  =  81-98;  H  =  5-55. 
C.22H17N3  requires  C  =  81-7  ;  H  =  5-3  per  cent. 

This  substance  is  evidently  identical  with  6-amiuo-2  :  4  : 5-triphenyl 

pyrimidine,  CPh-^pV). ^ll-^^CPh,  prepared  by  Wache  (J.jyr.  Chem., 

1889,  [ii],  39,  253)  by  the  action  of  benzonitrile  on  the  sodium 
compound  of  dibenzyl  cyanide. 

The  ethereal  solution,  after  the  separation  of  the  hydrochloride  of 
the  above  base,  was  dried  and  the  ether  evaporated.  The  solid  residue 
after  crystallisation  twice  from  alcohol  was  obtained  in  colourless 
plates  melting  at  146°  : 

01719  gave  0-5167  CO2  and  0-850  H2O.     0  =  81-96;  H  =  5-52. 
C^jHjjNg  requires  0  =  81-8;  H  =  5-4  per  cent. 

This  compound  is  evidently  ^-imino-a-cyano-a/3-diphenylethane, 
identical  with  the  compound  prepared  by  E.  v.  Meyer  (J.  pr.  Chem., 
1895,  [ii],  52,  116)  by  the  action  of  ammonia  on  cyanodeoxybenzoin 
and  by  Walther  and  Schickler  [J.  pi-.  Chem.,  1897,  [ii],  55,  320)  by 
the  action  of  sodium  on  a  mixture  of  benzyl  cyanide  and  benzonitrile 
in  ethereal  solution. 

The  alcoholic  mother  liquors  from  the  recrystallisation  of  the  above 
imino-compound  were  evaporated  to  a  small  bulk,  when  a  further 
quantity  of  /3-imino-a-cyano-a/3-diphenylethane  was  obtained.  The 
ultimate  filtrate  was  then  evaporated  to  dryness  and  the  solid  residue 
crystallised  from  light  petroleum  (b.  p.  60 — 70°),  yielding  white 
needles  melting  at  90°: 

0-1812  gave  0-5408  OO2  and  0-851  HoO.     0  =  81-38;  H  =  5-21, 
O^^Hj^ON  requires  0  =  81-4;  H  =  5-0  per  cent. 

This  compound  is  evidently  a-cyanodeoxybenzoin, 
OOPh-OH(ON)Ph, 
first     prepared    by    E.    v.    Meyer    {loc.    cit.)    by    the    iuteractiun   of 
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ethyl    benzoate    and     benzyl    cyanide    in     the    presence    of    sodium 
ethoxide. 

Action  of  Concentrated  Sulphuric  Acid  on  j3-Imino-a-C9/ano- 
aP-dvphenyletha  ne. 

The  action  of  concentrated  sulphuric  acid  on  the  imino-compound 
does  not  lead  to  the  closing  of  the  ring,  but  only  transforms  the 
nitrile  into  the  amide  of  the  corresponding  ketone. 

Five  grams  of  the  imino-compound  were  dissolved  in  three  times  its 
weight  of  concentrated  sulphuric  acid  and  the  solution  allowed  to 
stand  in  the  cold  for  forty-eight  hours.  On  pouring  the  acid  into 
water  a  clear  solution  was  obtained,  from  which  a  crystalline  pre- 
cipitate separated  on  standing. 

This  was  collected  by  filtration  and  recrystallised  from  alcohol,  being 
obtained  in  small  needles  melting  at  178°  : 

0-1626  gave  0-4484  00^  and  0-0866  HjO.     0  =  75-21  ;  H  =  5-96. 
CijHjgOoN  requires  0  =  75-3  ;   H  =  5-8  per  cent. 

This  compound  is  evidently  identical  with  benzoylpheuylacetamide, 
COPh-CHPh-CO-NHo,  which  Walther  and  Schickler  (.7.  pr.  Chem., 
1897,  [ii],  55,  314)  prepared  by  the  action  of  concentrated  sulphuric 
acid  on  a-cyanodeoxybenzoin  and  described  as  melting  at  172 — 173°. 

Much  of  the  expense  entailed  by  this  research  has  been  met  by  a 
grant  from  the  Government  Grant  Committee  of  the  Royal  Society, 
for  which  we  desire  to  express  our  indebtedness. 

Manchester  University. 


LIX. — The  Velocity  of  Hydrolysis  of  Aliphatic  Amides. 

By  James  Codrington  Orocker,  M.A. 

This  work  was  undertaken  in  order  to  compare  the  reactivities  of  the 
homologous  fatty  amides,  and  to  investigate  the  relation  between 
reactivity  and  constitution  in  this  case.  The  amides  are  interesting 
in  view  of  their  tautomeric  behaviour.  They  may  function  either  as 
"  amido  "  compounds  or  as  the  corresponding  hydroxyimino-derivatives. 
If  they  exist  as  the  latter,  they  would  be  expected,  from  analogy  with 
hydroxylic  derivatives  generally,  to  be  associated  in  the  liquid  state, 
and,  moreover,  to  be  electrolytes  in  associated  solvents. 

The  conductivities  of  the  amides  were  examined  by  Hantzsch  and 
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Biichner  {Ber.,  1901,  34,  3142),  and  these  substances  were  found  to  be 
very  feeble  electrolytes  and  to  be  quite  neutral  in  reaction.  On  the 
other  hand,  fused  acetamide  is  an  ionising  medium,  and  produces  dis- 
sociation of  metallic  salts  (Walker  and  Johnson,  Trans.,  1905,  87, 
1597).  The  amides  also  show  abnormal  cryoscopic  behaviour  in 
naphthalene  solution.  These  facts  point  to  a  tendency  to  molecular 
association,  and  hence  suggest  the  presence  of  the  hydroxyl  group.  The 
question  was  elucidated  by  the  work  of  Hantzsch  and  Voegeler  (loc. 
cit.)  on  glycolliminohydrin,  the  desmotrope  of  glycollamide.  This  sub- 
stance was  first  isolated  by  Eschweiler  {Ber.,  1897,  30,  998)  from  the 
products  of  the  action  of  water  on  glycollonitrile  at  130°.  It  differs 
widely  in  its  properties  from  glycollamitle.  It  is  a  comparatively  strong 
electrolyte,  and  ebullioscopic  determinations  in  absolute  alcohol  showed 
that  it  possessed  a  doubled  molecule.  It  is  decomposed  with  difliculty 
by  hydrochloric  acid,  and  it  forms  a  hydrochloride  and  a  sodium  salt. 
It  is  evidently  the  hydroxylimiuo-derivative,  and  the  contrast  between 
the  properties  of  this  substance  and  those  of  the  ordinary  amides  renders 
the   "  amido  "  formula  for  the  latter  very  probable. 

In  the  determination  of  the  reactivities  of  the  amides,  the  reaction 
utilised  was  that  of  the  hydrolysis  of  the  amides  by  dilute  hydro- 
chloric acid.  The  case  of  acetamide  was  worked  out  by  Ostwald 
{J.  pr.  Chem.,  1883,  27,  1).  He  used  this  reaction  in  measurements 
of  the  relative  strengths  of  acids.  The  change  is  represented  by  the 
equation 

CHg-CO-NHg  -\-  HgO  -f  HCl  -  CHg-COgH  -i-  NH^Cl, 
and  the  reaction  should  be  of  the  second  order. 

The  amide  was  heated  with  the  equivalent  quantity  of  acid  in  2/3 
i\^-solution  to  65°  or  100°,  and  the  ammonium  salt  formed  was  esti- 
mated by  decomposition  with  sodium  hypobromite  solution,  corrections 
being  applied  for  the  solubility  of  nitrogen  and  the  slight  action  of 
hypobromite  on  acetamide.  The  ratio  of  the  reciprocals  of  the  times 
for  half  completion  of  the  reaction  gave  the  relative  strengths  of  the 
acids.  In  the  present  investigation,  the  method  of  electrical  con- 
ductivity was  ixsed  for  the  determination  of  the  amount  of  chemical 
change.  This  is  a  convenient  process,  since  the  relatively  large  change 
of  conductivity,  due  to  the  fall  in  concentration  of  the  hydrogen  ions, 
permits  of  accurate  estimation  of  the  composition  of  the  solution. 

The  apparatus  consisted  of  a  post-office  box  fitted  up  as  a  Wheat- 
stone  bridge  and  used  in  conjunction  with  an  induction  coil  and  tele- 
phone receiver  according  to  the  Kohlrausch  method.  The  contact- 
breaker  of  the  coil  was  made  especially  light  so  as  to  give  a  high- 
frequency  note  in  the  telephone.  The  indications  are  sharpest  when 
all  four  arms  of  the  bridge  are  of  the  same  resistance.  With  a 
reaction  which  takes  an  hour  to  half-completion,  and  with  500  ohms  in 
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each  arm,  the  accuracy  in  the  time-readings  is  about  two  to  three 
seconds.  This  error  is  much  less  than  that  caused  by  the  variation  of 
1/20°  in  the  temperature. 

The  time  to  a  given  resistance  is  determined  by  observing  the 
instant  when  the  removal  of  the  one-ohm  plug  produces  no  change  in 
the  intensity  of  the  sound  in  the  receiver.  The  resistance  at  this 
moment  is  then  0'5  ohm  greater  than  when  the  plug  is  in  the  box. 

Fig.  1. 


\ 


The  electrolytic  cell  is  constructed  so  that  mixing  can  be  effected 
rapidly  at  the  temperature  of  the  thermostat. 

The  amide  solution  is  placed  in  the  central  reservoir  B  and  the 
hydrochloric  acid  in  the  cell  CO.  When  the  temperature  is  constant 
the  taps  ^2^2  ^^'®  opened.  The  lever  L  is  pushed  over  until  tap  2\  is 
opened  and  then  suction  is  applied  at  tap  T^.  The  acid  is  thus  drawn 
into  the  central  vessel,  and  is  mixed  rapidly  with  the  amide  solution 
by  using  the  stirrer  A.  Then  the  solution  is  rapidly  passed  to  and 
from  the  cell  CC  for  a   minute   or   so,  stirring   at  intervals.     Finally, 


596  CROCKER  :  THE  VELOCITY  OF 

the  mixture  is  driven  over  into  CC  and  the  resistance  of  the  solution 
taken  from  time  to  time.  This  type  of  cell  has  been  used  also  in 
determinations  of  the  molecular  conductivity  of  hydrochloric  acid 
and  of  ammonium  chloride  at  diflFeront  dilutions  with  satisfactory 
results.  It  is  convenient  for  dilution  in  hot  .solution  where  loss  by 
evaporation  is  troublesome. 

All  the  experiments  in  the  first  section  of  the  paper  were  done  at 
63-2°.  The  thermostat  was  fitted  with  a  long,  narrow,  cylindrical 
mercury  thermo-regulator.  A  layer  of  paraffin  was  used  in  the  bath 
to  prevent  the  disturbing  effects  due  to  evaporation.  The  stirring 
gear  was  worked  by  a  small  electric  motor.  Without  these  arrange- 
ments accurate  measurements  are  difficult,  owing  to  the  large  influence 
of  temperature  on  conductivity  and  velocity  of  reaction. 

The  general  mode  of  procedure  in  the  determination  of  a  velocity- 
constant  is  as  follows  :  the  conductivity-time  curves  for  a  series  of 
synthetical  mixtures  of  amide,  hydrochloric  acid,  ammonium  chloride, 
and  acetic  acid  were  determined,  and  by  extrapolation  to  <  =  0  the 
initial  specific  conductivity  of  each  mixture  was  found.  These  values 
were  plotted  against  the  corresponding  concentrations,  and  the  result- 
in"  curve  served  to  standardise  the  conductivity-time  curve  of  the 
oi'iginal  mixture  of  acid  and  amide,  and  gave  the  concentration-time 
curve  required.  As  the  resistance-time  curves  were  found  to  be  nearly 
straight  lines  over  moderate  ranges,  they  were  used  for  the  extra- 
polations. 

It  was  shown  by  experiment  that  in  all  cases  the  curves  drawn 
between  time  and  the  reciprocal  of  concentration  approximated  very 
closely  to  straight  lines  up  to  about  40  per  cent,  of  the  reactions. 
Hence  it  follows  that  the  reactions  ai-e  all  of  the  second  order.  The 
deviations  from  the  linear  relation  outside  the  above  range  are  due 
to  the  accumulation  of  ammonium  chloride  in  the  solutions  and  its 
effect  in  increasing  the  "  strength  "  of  the  hydrochloric  acid. 

Let  the  equation  of  this  curve  in  a  given  case  be : 

}IC  =  r  +  Qt  +  Et^+  

By  differentiation  : 

--/h  =  Q  +  2El+ 

C-    dt 

SO  that     --  =  CHQ  +  2m+ )  =  KCC\ 

dt 

hence  K=^^{Q^2Rt^- ), 

where  C  is  the  concentration  of  the  amide,  C^  that  of  the  ionic  hydro- 
chloric acid,  and  K  is  the  velocity-constant.  Within  the  limits  specified 
the  curve  is  very  approximately  a  linear  function,  and  hencej^  =  0  and 
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C 

K=  — ■    O,   where   0  is  the  mean  differential-coefficient  of  the   curve 

pi '  <■'  <■ 

within  the  range  considered.  The  ionic  concentration  C^  of  the 
hydrochloric  acid  was  calculated  from  the  conditions  of  isohydry.  As 
no  simple  accurate  algebraic  relation  exists  between  dilution  and  dis- 
sociation in  the  case  of  strong  electrolytes,  the  question  was  solved 
graphically. 

Consider  a  cube  of  1  c.c.  volume  divided  into  two  parts  by  a  movable 
semi-permeable  partition.  Let  both  compartments  be  filled  first 
with  hydrochloric  acid  and  let  the  molecular  concentration  be  Cq. 
Now  let  a  fraction,  f3,  of  the  acid  be  replaced  by  the  equivalent  amount 
of  ammonium  chloride  in  the  solution — the  partition  dividing  the 
two    electrolytes.     If   v   is   the    volume    of    the    ammonium    chloride 

solution  and  1  -v  that  of  the  acid,  x  =  !—-^  and  x^  =  ^ PI_g  are  the 

V  l  —  v 

molecular  concentrations  of  the  chloride  and  acid  respectively. 
The  corresponding  ionic  concentrations  are  read  off  from  a  curve 
between  ionic  concentrations  and  molecular  concentrations,  and  the 
results  are  plotted  against  v  for  several  positions  of  the  partition  on 
either  side  of  the  point  at  which  the  ionic  concentrations  of  chloride 
and  acid  become  identical.  The  intersections  of  the  resulting  lines 
give  the  isohydric  conditions.  These  are  the  series  of  short  inter- 
secting lines  in  the  diagrams.  The  ionic  concentration  of  the  acid  in 
the  solution  as  a  whole,  when  the  partition  is  removed  and  the  solu- 
tions mixed,  is  given  by  {l-v)Ci,  where  d  is  the  common  ionic 
concentration  in  the  isohydric  solutions  of  chloride  and  acid 
respectively. 

The  lower  oblique  curves  in  the  diagrams  show  the  variation  of  the 
concentration  of  the  acid  ions  with  the  proportion  of  chloride  replacing 
the  acid. 

The  graphs  for  iV  and  S/ilV  strengths  at  63'2°  are  shown  on  p.  598  ; 
they  are  very  nearly  straight  lines. 
t  The  water  used   in  the  work  was  prepared  by  redistilling  ordinary 

distilled  water  from  alkaline  permanganate  and  passing  the  vapour 
•through  phosphoric  acid.  It  was  condensed  in  a  tin  condenser.  One 
distillation  under  ordinary  conditions  gave  water  of  specific  conductivity 
2*7  X  10"^  mhos  per  c.c,  which  is  of  the  requisite  degree  of  purity.  The 
hydrochloric  acid  used  was  prepared  by  passing  the  gas  obtained  fi'om 
ordinary  "  pure "  hydrochloric  acid  and  sulphuric  acid  into  pure 
water.  The  ammonium  chloride  was  twice  recrystallised  from  distilled 
water. 
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(a)   The  Reactivities  of  the  Amides  at  Constant  Temperature. 

Acetamide. — The  substance  was  purified  by  rapidly  crystallising 
thrice  from  acetone,  in  which  it  is  very  soluble.  It  was  then  odour- 
less. 

Fig.  2. 

Volume  of  ammonium  chloride  in  solution. 
0         0-1      0-2      0-3      0-4      0-5       0-6      0-7      0-8       0-9        1 


30 


20 


10 


^ 

i 

i 

5 

5 

4 

5 

B 

^ 

c 

^ 

J 
) 

-^1 

> 

) 

) 

^ 

I 

^ 

"x 

N 

K 

N 

K 

N 

5 

^ 

\ 

^ 

V 

1  ^ 
1 

0 


10 


20        30       40       50        60       70       80        90       100 
Percentage  of  ammonium  chloride. 
A.  Normal  solutions.  B.  3/4- Normal  solutions. 


20  c.c.  2y-ami(le.    20  c.c.  2iV-aci(]. 

0  =  63-2°.     Q  =  16-28. 

Initial  concentration  =  N. 


t 

a. 

(7x105. 

C'xlO'.  A^=c/ 

c'Q 

5 

0 

0-3945 

92-50 

71-40        21 

09 

7 

50 

0-3880 

89-00 

68-70       21 

09 

13 

03 

0-3743 

82-00 

63-30       21 

09 

18 

83 

0-3617 

76-20 

58-90        21 

07 

24 

45 

0-3499 

70-80 

54-90       21 

00 

30 

88 

0-3388 

66-10 

51-30        20 

98 

34 

16 

0-3335 

63-80 

49-60        20 

94 

37 

62 

0-3283 

61-60 

47-80        20 

98 

41 

16 

0-3-234 

59-60 

46-30        20 

95 

44 

78 

0-3185 

57-70 

44-90       20 

93 

48-45 

0-3139 

55-55 

43-30        20 

91 

Mean  A"     =     21-00 

(79    =0-4090,0 

0  8  =0-3935, 

ff0i6  =  0-3784,  0 

0-32  =  0-3430,  • 

o-»'2  =  0 

-2490,  0 

«-5«  =  0-2870. 

II. 

40  c.c.  iV72-acid.     40  c.c.  i\72-amide. 
0  =  63-2°.     Q  =  20-15. 


Ini 

tial  concentration  =  iV/4. 

t.          ff.     CxlO-5. 

C  X  10'. 

K=c/ 

12 

42  0 

1320  23-53 

21-35 

22- 

14 

16  0 

1314  23-31 

21-15 

22- 

22 

33  0 

1286  22-50 

20-42 

22- 

30 

42  0 

1258  21-64 

19-65 

22- 

39 

39  0 

1233  20-94 

19-05 

22- 

48 

08  0 

1207  20-16 

18-35 

22- 

57 

16  0 

1183  19-46 

17-70 

22- 

76 

42  0 

1138  18-06 

16-40 

22- 

96 

92  0 

1095  16-80 

15-32 

22- 

119 

42  0 

1056  15-62 

14-25 

22- 

142-42  0-1020  14-47 

13-25 

22- 

Mean  K     = 

22- 

0-0  =  0-1366,  o-'''5=  0-0954,  0-1  =  0-0547. 
Range  0  to  40  per  cent. 


HYDROLYSIS   OF   ALIPHATIC   AMIDES. 


599 


In  the  above  and  succeeding  tables : 
6  =  temperature  ; 
t  =  time  in  minutes  ; 

C  =  concentration  of  amide  in  gram-equivalents  per  c.c. ; 
C^  —  ionic  concentration  of  acid  ; 

tr  =  specific  conductivity  of  solution  in  mhos  per  c.c.  ; 
K=  velocity-constant ; 

<3  =  rate  of  change  of  dilution  of  amide  in  c.c.  per  miniite ; 
^  =  fraction  of  amide  decomposed  ; 
0-0  =  specific  conductivity  of  solution  when  fraction /5  of  amide  is 
decomposed. 

Thus  in  the  table  above,  a-^'^'^  =  0'3430  indicates  that  when  32  per  cent. 
of  the  reaction  has  taken  place  the  specific  conductivity  of  the  solu- 
tion is  0*3430.  Each  value  for  cr^  is  determined  by  extrapolation  of  a 
different  resistance-curve,  and  to  economise  space  this  abbreviated 
notation  is  used.  The  curves  for  3^-acetamide  solution  and  A^-hydro- 
chloric  acid  are  shown  below. 


Fig.  3. 
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The  cvirve  A  is  the  conductivity-time  relation  and  B  is  the  derived 
dilution-time  curve.  Up  to  4-4  per  cent,  the  latter  curve  is  practically 
a  straight  line ;  but  beyond  that  marked  curvature  sets  in.  This 
shows  that  the  ordinary  bimolecular  relation  is  followed  within  these 
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limits,  but  that  beyond  the  range  the  rate  of  reaction  is  greater  than 
that  calculated  on  the  assumption  that  the  concentration  of  the  hydrogen 
ions  is  a  linear  function  of  the  "  degree  of  reaction."  In  other  words, 
the  strength  of  tlie  acid  is  increased  by  the  presence  of  the  neutral 
salt  in  solution.  The  degree  of  constancy  in  the  value  of  K  is  shown 
by  reference  to  the  numerical  results. 

Fi'opionamide. — The    amide    obtained     from    Kahlbaum    was    twice 
recrystallised  from  acetone.     It  was  then  free  from  acid. 

20  c.c.  2i\'-aniidc.     20  c.c.  2iV-hy(liochloiic  acid. 
0  =  63-2^     ^  =  19-90. 

Initial  concentration  =  iV. 


t. 

(f. 

CxlO'. 

C'xW. 

K=c/c'l 

5-88 

0-3791 

90-25 

69-60 

25-80 

10-47 

0-3643 

83-30 

64-40 

25-77 

15-10 

0-3513 

77-40 

59-90 

25-72 

19-88 

0-3392 

72-10 

55-80 

25-72 

24-88 

0-3279 

67-20 

52-10 

25-68 

27-50 

0-3225 

64-70 

50-SO 

25-60 

30-15 

0-3173 

62-60 

48-60 

25-64 

32-87 

0-3123 

60-30 

46-90 

25-59 

35-75 

0-3075 

58-40 

45-40 

25-60 

38-87 

0-3028 

56-30 

43-80 

25-58 

41-87 

0-2982 

54-40 

42-40 
Mean  K 

25-53 
'^-     25-66 

ffO  =0-3992,  o-O'S  =0-3742,  <rO-2-i  =  0-3478. 
o-»-36  =  0-3213,  (r»-^  =  0-2929,  (rO«  =  0-2547. 
<r«s  =0-2163. 

Range  0  to  46  per  cent. 


Here  again  the  reaction  follows  the  bimolecular  relation  closely,  K 
being  nearly  constant  within  the  limits.  The  slight  tendency  of 
the  constant  to  diminish  with  increasing  time  in  this  and  other 
experiments  represents  the  margin  of  error  introduced  by  taking  the 
mean  slope  of  the  dilution-time  curve  to  be  equal  to  the  true 
differential-coefficient  of  the  curve  at  each  point. 

It  will  be  noted  that  propionamide  is  more  reactive  than  acetamide. 
With  the  exception  of  formamide,  it  is  the  most  reactive  of  the 
series. 
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xx-Butyr amide. — Kahlbaum's  preparation  was  used.  Owing  to  the 
solubility,  solutions  of  greater  strength  than  \\N  could  not  be  con- 
veniently used.  In  experiment  II,  iV/4  solutions  were  used  and  a 
larger  cell  employed. 


IL 


20  c 

c.  lixV-acid.   20  c 

.c.  liiV-amide. 

35  c. 

c. 

iV72-acid.     35 

c.c.  iY/2- 

amide. 

0  =  63-2°.     Q^ 

=  9-56. 

fl  =  63-2°.     Q^ 

^10-78. 

Initial  concentration  =  |A 

Initial  concentration  -  iV74. 

t. 

ff. 

(7x105. 

C  X  105. 

K. 

t. 

a. 

CxlQS. 

6"xl05. 

K. 

3-53 

0-3156 

73-35 

59-10 

11-87 

9-08 

0 

1344 

24-39 

22-15 

11-87 

11-28 

0-3065 

69-50 

56-00 

11-86 

14-16 

0 

1332 

24-08 

21-87 

11-87 

19-36 

0-2975 

66-03 

53-20 

11-84 

19-66 

0 

13-20 

23-73 

21-57 

11-86 

27-30 

0-2892 

62-90 

50 -OS 

12-01 

25-00 

0 

1309 

23-42 

21  -30 

11-85 

31-37 

0-2853 

61-32 

49-60 

11-82 

35-08 

0 

1286 

22-83 

20-74 

11-87 

36-37 

0  2814 

59-56 

48-25 

11-81 

40-16 

0 

1275 

22-55 

20-50 

11-85 

40-50 

0-2776 

58-16 

47-05 

11-82 

45-24 

0 

1264 

22-29 

20-26 

11-85 

45-15 

0-2740 

72-46 

46-00 

11-79 

50-81 

0 

1253 

21-99 

20-00 

11-85 

49-82 

0-2704 

55-20 

44-85 

11-79 

59-66 

0 

1237 

21-52 

19-57 

11-85 

54-50 

0-2670 

54-05 

43-90 

11-76 

62-92 

0-1233 

21-37 

19-40 

11-87 

59-32 

0-2636 

52-65 
Mean 

42-80 
K     = 

11-76 
11-83 

Mean 

K     = 

11-86 

<r''   =0-3199,  a^-i 

=  0-2634 

ffO    =0-1374,  ffO-i 

=  0-127:^ 

(r»-5  =  0-2255,  a^ 

=  0-1305 

(T* 

5  =  0-0936,  0-1 

=  0-0540 

Range  0  to  30  per  cent.  I  Range  0  to  15  per  cent. 

There  is  a  marked  decrease  in  the  reactivity  in  passing  from  propion- 
amide  to  butj-ramide. 


isoButyramide. — Kahlbaum's  preparation  was  used. 


^0-3317,  o-«-2=  0-2937,  o-o-^  =  0-2533, 
ffU-5^0-2331,  <ri  =  0-1319. 

Range  0  to  32  per  cent. 


IL 


20  c.c. 

UiY-amide.     20 

c.c.  liiY-acid. 

20  c.c. 

liA'^-amide.     20 

c.c.  l|A"-acid. 

fl  =  63 

2°     §  = 

12-04. 

0  =  63-2°.     Q  = 

12-04. 

Initial  concentration  =  |i\'' 

Initial  concentration  =  ^N 

t. 

<r. 

Cxl05. 

C"  X  lO-l 

K. 

t. 

<r. 

CxlO'. 

6"  x  105 

K. 

6-16 

0-3222 

71-18 

57-25 

14-97 

5-62 

0-3244 

71-60 

57-60 

14-92 

7-97 

0-3194 

70-04 

56-40 

14-95 

9-28 

0-3189 

69-40 

55-85 

14-91 

12-13 

0-3136 

67-70 

54-60 

14-93 

12-88 

0-3136 

67-33 

54-20 

14-91 

15-92 

0-3083 

65-60 

53-00 

14-90 

18-42 

0-3058 

64-54 

52-00 

14-90 

19-50 

0-3033 

62-80 

51-60 

14-88 

22-42 

0-3010 

62-53 

50-45 

14-87 

23-55 

0-2986 

61-93 

50-10 

14-88 

26-30 

0-2962 

60-85 

49-10 

14-87 

31  -75 

0-2893 

58-32 

47-20 

14-87 

30-47 

0-2916 

58-99 

47-60 

14-87 

37-97 

0-2828 

55-92 

45-30 

14-85 

34-72 

0-2870 

57-23 

46-25 

14-85 

42-23 

0-2785 

54-32 

44-00 

14-86 

39-12 

0-2828 

55-60 

45-00 

14-83 

46-83 

0-2744 

52-80 

42-90 

14-81 

43-42 

0-2785 

54-05 

43-85 

14-79 

51-50 

0-2705 

51-20 

41-60 

14-82 

52-28 

0-2705 

51-07 

41-40 

14-80 

Mean 

K     = 

14-89 

Mean^     = 

14-87 

:0-3317,  o-o--  =  0-2937,  (t"-i  =  0-2533, 
0-05  =  0-2331,  o-i  =  0-1319. 

Range  0  to  32  per  cent. 


tsoButyramide,  contrary  to  expectation,  is  more  reactive  than  butyr- 
amiJe. 


r,o^ 
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i&oValer amide. — Kahlbauin's  preparation  was  used.  Solutions  stronger 
than  3/4iy  cannot  conveniently  be  used. 


6 

25 
43 

60 

94 

111 

127 
165 
174 
206 
225 
245 


20  c.c.  £iV-acid.     20  c.c.  f  A'-aiuiJe. 
0  =  63-2'.     (2  =  2-875. 
Initial  coiiceiitiatioii  =  3/8-A^. 
a.  C'xlO^  C'xlO-'. 


K. 


-1849 
•1822 
•1804 
•1787 
•1753 
•1737 
-1726 
-1690 
•1682 
•1660 
•1645 
■1631 


37-24 
36-50 
35-84 
35-21 
34-01 
33-50 
33-00 
31-85 
31-55 
30-68 
30-12 
29-63 


32-00 

3-347 

31-40 

3-343 

30-85 

3-341 

30-30 

3-342 

29-25 

3-343 

28-80 

3-345 

28-40 

3-342 

27-45 

3-336 

27-20 

3-326 

26-40 

3-342 

2595 

3-338 

25-50 

3-342 

Mean  K    = 

=     3-341 

o-»  =  0-1847,  (r»-25  =  0-1586,  <r"-5  =  0-1308,  ffi  =  0-0741. 
Range  0  to  21  per  cent. 

Owing  to  the  small  solubility  of  valeramide  and  the  low  velocity- 
constant,  some  difficulty  was  experienced  in  determining  the  equili- 
brium points  with  the  usual  degree  of  accuracy. 

The  velocity-constant  of  valeramide  is  by  far  the  smallest  of  the 
series  and  is  remarkable  in  view  of  its  constitution  and  relation  to  the 
members  on  either  side  of  it  in  the  seiies. 

Capronamide. — The  amide  is  not  very  soluble  in  cold  water.  Kahl- 
baum's  preparation  was  used,  and  was  made  up  so  that  it  was  exactly 
iV^/2  when  at  66°,  and  the  solutions  were  measured  out  while  hot  into 
the  apparatus  ready  in  the  thermostat.  It  was  noticed  that  after  a 
few  minutes  the  hot  solution  became  slightly  turbid,  possibly  owing  to 
the  separation  of  a  little  capronic  acid. 

20  c.c.  iV/2-acid.     20  c.c.  iV72-amide. 
e  =  63-2°.     Q  =  ll-09. 


Initial  concentration  =  J\74. 
6^x105. 


C"  X  10=. 


K. 


11-50 

0^1305 

24-23 

16-00 

0^1 293 

23  95 

25-50 

0-1273 

23-35 

34^50 

0-1258 

22-83 

51-50 

0-1225 

21-88 

56-25 

0-1217 

21-63 

61-00 

0-1209 

21-39 

70 -OS 

0-1190 

20^94 

79-50 

0-1178 

20-48 

90-00 

0-1166 

20-00 

100-25 

01149 

19-56 

a^^-. 

=  0-1330,  o-"-=0-1163.' 

22-02 

12-20 

21-80 

12-18 

21-22 

12-20 

20-75 

12-19 

19-87 

12-21 

19-65 

12-21 

19-40 

12-22 

19-07 

12-17 

18-62 

12-19 

18-20 

12-18 

17-77 

12-20 

Mean  K    = 

=     1219 

Range  0  to  20  per  cent. 
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It  will  be  seen  that  capronamide  is  much  more  reactive  than 
valeramide,  and  is  slightly  greater  in  reactivity  than  butyramide. 

Forviccjnide. — Owing  to  the  rapid  rate  of  reaction,  somewhat  dilute 
solutions  were  employed.  In  the  following  numbei-s,  t  is  the  time  of 
the  reaction  to  concentration  C,  and  a  is  the  fraction  of  dissociation  of 
hydrochloric  acid  under  the  given  conditions. 

25  c.c.  each  of  iV74-acid  aud  amide. 
0  =  63  -2°.  Initial  coiiceutratiou  =  NjS. 

CxlO\  (l/c-l/c«).  o.  K 

0-9167  — 


t. 
0 

8-40 


12-50 
9'375 


0 
2666 


346-2 


One  standard  mixture  only  was  used  in  this  case. 
As  might  have  been  expected,  the  constant  has  a  very  high  value. 
At  63-2^,  the  values  for  the  velocity-constants  of  the  homologous 
fatty  amides  examined  are  as  follows  : 


Formamide     

..      -346-2 

21-58 
25-67 
11-84 

MoButyramide 

-14-88 

Acetamide  

Propionamide     .... 
n-Butyiamide    .  .. 

Valerauiide  

Capronamide    

3  343 
12-19 

(b)  The  hijluence  of  Temperature  on  the  Reactivities  of  the  Amides. 

The  temperature-coefficients  of  reactivity  are  very  large.  Acetamide 
is  nearly  eight  times  as  reactive  at  63°  as  it  is  at  42°,  about  sixteen 
times  as  great  at  70°,  and  about  thirty-four  times  more  reactive  at 
80°  as  at  42°. 

In  the  following  experiments  the  general  method  was  to  determine 
the  conductivity  at  given  intervals  of  time  of  a  mixture  of  acid  and 
amide,  and  then  to  repeat  the  process,  using  a  synthetical  mixture  of 
amide,  acid,  and  products,  which  represented  the  condition  when 
25  per  cent,  of  the  reaction  had  taken  place.  Generally  15  c.c.  each 
of  hydrochloi'ic  acid  and  amide  and  5  c.c.  each  of  organic  acid  and 
ammonium  chloride,  all  of  equivalent  strengths,  were  used. 

By  extrapolation  of  the  resistance- time  curve  of  the  second  experi- 
ment, the  conductivity  of  the  mixture  when  25  per  cent,  of  the 
X'eaction  had  taken  place  was  determined.  Comparison  with  the 
curve  of  the  original  reaction  gave  the  time  of  reaction  to  this  stage 
of  the  decomposition. 

If    C  =  concentration  of  amide  at  time  t. 

aC  =  ionic  concentration  of  hydrochloric  acid  at  time  t. 

The  velocity  of  reaction  is  given  by 

dt 


whence 


««=-/'^ 


+  constant. 


K  = 

at 
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If  Cu  is  the  initial  concentration  of  the  amide, 

xt   \  c        c'J 

This  result  is  dependent  on  the  assumption  that  the  concentration  of 
the  hydrogen  ions  is  proportional  to  the  molecular  concentration  of 
the  hydrochloric  acid  or  amide.  This  is  nearly  true  for  the  range 
examined,  the  maximum  error  observed  for  30  per  cent,  of  the  reaction 
being  0-8  per  cent. 

Preference  to  the  curves  in  Fig.  2  will  illustrate  this  point.  The 
ionic  concentration  is  nearly  a  linear  function  of  the  molecular  con- 
centration, and  within  the  limits  stated  will  be  seen  to  be  practically 
proportional  to  it. 

The  degrees  of  dissociation  of  hydrochloric  acid  and  ammonium 
chloride  in  solution  of  various  dilutions  at  63 "2°  were  determined  by 
the  author.  The  values  for  hydrochloric  acid  at  other  temperatures  were 
calculated  from  Krannhals's  numbers  (Zeitsch.  physikal.  Chevi.,  1890, 
5,  250).  There  is  apparently  a  slight  error  in  these  data,  since  the 
degree  of  dissociation  does  not  vary  in  a  regular  manner  with  the  tem- 
perature. It  was  noticed  that  unless  unplatinised  electrodes  were  used 
for  hydrochloric  acid  at  high  dilution  at  63  "2%  no  definite  result  could 
be  obtained  owing  to  the  gradual  decrease  of  the  conductivity  with 
time.  The  error  caused  on  the  "  constants "  in  this  section  of  the 
paper  by  using  these  values  is  probably  not  greater  than  ±  1  per 
cent. 

In  the  following  tables  : 
6   =    temperature  ; 
t    =    time  of  reaction  in  minutes  ; 

C   =    concentration  of  amide  in  gram-equivalents  per  c.c. ; 
a    =    fraction  of  dissociation  of  hydrochloric  acid  ; 

K  =    veloc-ity-coustant. 

Formamide  : 

0.  t.  CxlO-\     (1/c-l/cO).         o.  K. 

42-10  0  25  0  0-8935  52-07 

28-65  18-75  1333  —  — 

Initial  concentration  =  i\74. 

63-20  _  _  —  _  346-2 

r.  supra. 

70-30  0  3-125  0  95-79  635-1 

17-54  2-344  106-7  —  — 

Initial  concentration  =  i\732. 

80-70  0  3-125  0  95-90  1259 

8-84  2-344  106-7  —  — 

Initial  concentration  =  i\732. 
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These  results  show  the  large  temperature-coefficients  of  reactivity. 
In  the  curve  below,  which  is  characteristic,  the  temperature-variation 
of  the  velocity  constant  is  shown. 


^ 


140 


120 


100 


80 


60 


40 


20 


Acetamide 

0. 

42-10 


63-20 


Fig.  4. 


/ 

T  -.^ 

^     7 

z 

/ 

t 

z 

7         zr 

^^ 

^^^ 

-€^'^ 

40°         45°         50°        55"        60°         65°        70° 
Temperature. 


t.              C'xlOS,      (l/o- -  1/Co).  a. 

0                  100                  0  78-62 

160                 75               333  — 
Initial  concentration  =  iY. 


K. 

2-647 


21-58 


V.  supra. 


70-30 


80-70 


0 
36-40 


0 
16-71 


25 
18-75 


0 
1333 


89-43 


Initial  concentration  =  iV74. 


25 
18-75 


0 
1333 


89-51 


Pi'Opionamide  : 


t. 


Initial  concentration  — i\74. 
C'xlOS.       (!/(;- 1/c-o). 


42-10 


63-20 


—  100  —  78-62 

44-90  88-88  125  — 

Initial  concentration  =  iV. 


40-96 


89-06 


K. 

3-542 


'25-67 


V.  supra. 
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Propionamide : 

e.  t.  Cx\Q\      {l/c-J/c^).  a.  K. 

70-30  0  25  0  0-8943  55-22 

27-00  18-75  1333  —  — 

Initial  concentration  =  iV/4. 

80-70  0  25  0  0-8951       111-4 

13-37  18-75  1333  —  — 

Initial  concentration  =  i\74. 

It  will  be  seen  that  in  every  case  propionamide  is  more  reactive 
than  acetamido. 

Butyramide : 

e.  t.  CxlO'.  (l/c-l/Cy).  a.  K. 

42-40  0  75  0  0-8210  1-818 

112-C  66-G6  168  —  — 

63-20  0  75  0  0-8120  11-84 

18-00  66-66  168  —  — 

Initial  concentration  =  4i\''. 

70-30  0  25  0  0-8943  24-64 

60-60  18-75  1333  — 

Initial  concentration  =:i\74. 

80-70  0  25  0  0-8951  58-30 

25-55  18-75  1333  —  — 


Initial  concentration  =  A74. 


i&oButyramide : 


e.  t.  C'xlO^      (l/c-l/co).  a.  K. 

42-10  0  75  0  0-8210  2-118 

96-61  66-66  168  —  — 

Initial  concentration  =  J A^ 

63-20  _  _  _  _  14-88 

V.  snpra. 


70-30 

0 
53-0 

25                   0 
18-75            1333 

Initial  concentration  =  iV/4. 

0-S943 

28-13 

80-70 

0 

23-70 

25                 0 
18-75           1333 

Initial  concentration  =  i\74. 

0-8951 

62-86 

Valeramide : 

6. 

63-20 

t. 

C'xlO^      (l/c-l/fj. 

a. 

3-343 

V.  snpra. 
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Valeramide : 

e. 

70-30 

t. 

0 

244 

CxW.      (1/c-lA-o). 
25                    0 
18-75            1333 

Initial  concentration  =  AV4. 

a. 

0-8943 

6-11 

80-70 

0 

98-52 

25                    0 
18-75            1333 

Initial  concentiation=iV74. 

0-8951 

15-12 

Capronamide : 

e. 
63-20 

t. 

CxlQS.      (1/c-l/rJ. 
V.  supra. 

a. 

K. 
12-19 

70-30 

0 
55-80 

25                   0 
18-75           1333 

Initial  concentration  =  iV/4. 

0-8943 

26-73 

80-70 

0 
23-65 

25                    0 
18-75           1333 

0-8951 

63-00 

Initial  concentration  =  iV/4. 


The  order  of  the  reactivities  of  the  amides  except  for  capronamide 
at  80-7°  is  the  same  for  all  temperatures  within  the  range  examined. 
This  order  is,  formamide,  propionamide,  acetamide,  tsobutyramide, 
capronamide,  butyramide,  valeramide. 

At  first  sight  the  above  results  do  not  exhibit  any  simple  relation. 
There  is  a  general  decrease  of  reactivity  with  increasing  molecular 
weight ;  but  there  are  some  remarkable  points  about  the  values  for 
the  individual  members.  The  position  of  propionamide  is  unexpected, 
and,  contrary  to  expectation,  ?sobutyramide  is  more  reactive  than 
butyramide.     The  value  for  valeramide  is  also  remarkably  small. 

By  comparison  with  the  corresponding  organic  acids,  it  is  seen,  how- 
ever, that  there  is  a  similar,  although  less  marked,  variation  of  the  disso- 
ciation-constants of  these  acids. 


Acid. 
Formic    . . , 

Acetic 

Propionic 
Butyric   . . . 
isuBntjnc 
Valeric    . . . 
Capronic . . . 


/vxlO". 


214 
18 
13 
14 
14 
16 
14 


Amide. 

Formamide  

Acetamide    

Propionamide  ...  . 

Batyramide  '. 

isoButyraraide 

Valeramide  

r  at  63-2 
...       346-2 
21-01 
25-67 
11-84 
14-88 
3-34 

Capronamide    

12-19 

In  the  above,  K'  and  K  are  respectively  the  dissociation-constants 
of  the  acids  and  the  velocity-constants  of  the  amides.  Except  in  the 
case  of  formamide,  on  comparing  successive  members,  a  decrease  in  the 
strength  of  the  acid  corresponds  to  an  increase  in  the  velocity-constant 
of  the  amide  ;   for  example,  butyric  acid  is   a  stronger  acid  than  iso- 

,s  s  2 


608  CROCKER  :  THE  VELOCITY  OF 

butyric  acid.  Hence  isobiityramide  is  more  reactive  than  butyramide. 
A  small  change  in  electrochemical  character,  however,  produces  a  large 
change  in  reactivity.  This  is  in  accordance  with  our  knowledge  of  the 
general  susceptibility  of  reactivity  to  small  variations  of  condition,  in- 
ternal or  external. 

The  relation  between  reactivity  at  constant  temperature  and 
molecular  weight  is  not  a  simple  function.  There  is  evidently  some 
influence  at  work  which  does  not  depend  on  the  constitution  in  the 
usual  manner.  This  influence  is  pi'obably  association.  If  association 
does  take  place,  non-ionised  molecules  must  result ;  and,  moreover, 
since  the  velocity-constant  is  inde2)endent  of  the  volume  of  the 
system,  the  equilibrium  formula  relating  to  the  simple  and  asso- 
ciated molecules  must  1)8  of  the  first  order.  This  precludes  association 
of  amide  molecules  inter  se,  and  makes  it  probable  that  the  amide 
associates  with  the  solvent,  with  the  production  of  hydrated  non- 
ionisable  molecules  : 

CHg-CO-NHo-t-H.O  =;  CHs-CO-NHg-OH. 

The  velocity  of  reaction  thus  depends  on  the  ratio  of  the  concentra- 
tions of  the  two  forms  and  also  on  their  relative  rates  of  reaction 
with  hydrochloric  acid.  Increase  of  molecular  weight  would  tend  to 
reduce  the  "  mobility  "  of  the  amide  molecules  and  thus  the  reactivity. 
On  the  other  hand,  the  variation  of  the  relative  concentration  of  the 
hydrated  form  with  increase  of  molecular  weight  would  probably  run 
parallel  with  the  strengths  of  the  corresponding  acids,  an  increase  of 
acidic  power  in  the  acid  corresponding  to  a  decrease  of  associative 
power  in  the  amide. 

The  direct  steric  effect  in  the  case  of  tsobutyramide  and  butyramide 
is  masked,  probably  owing  to  the  high  mobility  and  relative  smallness 
of  the  hydrogen  ion. 

The  exact  mechanism  of  the  reaction  is  not  easy  of  explanation. 
The  marked  accelerative  power  of  the  hydrogen  ion  in  reactions  of 
hydrolysis  is  very  probably  connected  with  its  high  mobility. 

Representing  the  amide  as  the  simple  molecule,  hydrolysis  takes 
place  in  the  following  manner  : 

E-CO    ^    NH2  -^  CHg-COgH  +  NH3 
HO    +    H 

The  bombardment  of  the  molecule  by  the  rapidly  moving  hydrogen 
ions  facilitates  the  decomposition  into  two  parts,  and  the  latter  com 
bine  with  the  disintegrated  water  molecules  simultaneously  produced. 
Naturally  the  stronger  the  organic  acid  coeteris  paribus,  the  more  stable 
is  the  amide  molecule  in  the  presence  of  hydrochloric  acid.  Although 
it  is  at  present  an  open  question  whether  the  action  of  alkali  is  to  be 
considered  one  of  hydrolysis  or  of  direct  "  saponification,"  it  is  signifi- 


/ 


HYDROLYSIS   OF   ALIPHATIC    AMIDES, 


609 


cant  that  the  hydroxyl  ion  has  also  a  large  mobility,  being  next  to 
hydrogen  in  this  respect. 

Consideration  of  the  temperature  variation  of  the  velocity-constants 
brings  out  some  points  of  interest. 

When  log/i"  and  the  reciprocal  of  the  absolute  temperature  1/Z'are 
plotted  together,  the  graphs  are  found  to  be  straight  lines.  These  are 
shown  in  the  diagram  below  : 

Fig.  5. 
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Reciprocal  of  absolute  tejiiperaturc  x  10^ 
A.  Formamide.  D.  ■isoButyramide. 


320 


\ 


B.   Propionamide. 
C  Acetamide. 


E.  Butyramide. 

F.  Valeiamide. 


The  relations  are  accurately  represented  by  the  general  formula, 

log^  =   log^o    +    ^(^0    -    ^)' 

where  K^  is  the  velocity-constant  at  a  standard  temperature  T'^.      If 
T^  is  put  equal  to  infinity,  then, 
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where  ]og~^C  is  a  constant  which  would  represent  the  reactivity  under 
the  hypothetical  condition  of  infinite  temperature  if  the  relation  were 
true  for  all  temperatures. 

The  former  formula  is  to  be  preferred  for  practical  purposes.    Below 
ai'o  the  values  of  the  constants  for  the  various  amides  : 


Foimamide    ... 

Acetamide 

rroiiioiiamide 
Butyramide  ... 
?'soBut5'raniide 
Valeramidc    ... 


log/^o. 

B. 

i/yo. 

C.     log- 

-1^x10-1^ 

1-7166 

4182 

0-003173 

14-987 

97-0 

0-4227 

4542 

,, 

14-843 

69-6 

0-5492 

4.335 

,j 

14-309 

20-3 

0-2.596 

4405 

0-003170 

14-230 

17-0 

0-3259 

4260 

0-003173 

13-846 

7-0 

0-5241 

4395 

0-002974 

13-594 

3-9 

Common  logarithms  arc  used  throughout.  The  degree  of  accuracy 
obtained  by  using  the  first  formula  is  shown  by  reference  to  the 
following  results  for  84' 1°  : 

Formamide     

Acetamide 

Propionamide     

Butyramide    

ivoButy lamidc  

Valeramide     


om  curve). 

A:(calc.). 

1884-0 

1890-0 

131-2 

131-1 

146-2 

14G-6 

77-61 

77-55 

81-83 

82-20 

19-45 

19-44 

Owing,  apparently,  to  the  .separation  of  the  acid  during  hydrolysi.s, 
the  results  for  capronamide  do  not  follow  the  above  simple  temperature 
relation,  and  therefore  the  calculation  of  the  "  constants  "  is  not  possible 
in  this  case. 

The  values  of  log" ^(7  given  above  are  independent  of  temperature 
and  are  characteristic  of  the  substance. 

It  will  be  noticed  that  these  factors  decrease  with  increasing 
molecular  weight.  Moreover,  here  the  factor  for  isobutyramide  is 
less  than  for  butyramide.  The  influence  of  a  small  error  in  B 
however,  is  greatly  magnified  in  the  calculation  of  log~^C,  and  this 
fact  detracts  from  the  quantitative  value  of  these  factors.  Better 
results  are  obtained  by  evaluating  the  velocity-constants  at  "  corre- 
sponding "  temperatures,  using  the  term  "  corresponding  "  in  a  wide 
sense  (compare  Thorpe  and  Rodger,  Phil.  Trans.,  1894,  185,  A,  397). 

"  Corresponding "  temperatures  for  the  different  amides  as  here 
defined  are  such  that  the  differential  coefficients  of  the  reactivity- 
temperature  curves  at  these  temperatures  are  equal. 

The  temperature  relation  can  be  expressed  in  the  form  : 

where  A  and  J3  are  constants  characteristic  of  each  amide,  and  n  is  the 
logarithm  modulus.     On  differentiation, 

die         nKB  , 

—    =    — —    =    ntp. 

dt  ■      r^         ^ 
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Then  when  ^  is  the  same  for  all  the  amides,  they  are  under 
corresponding  conditions.  The  relation  between  log^^,^  and  IjT  is 
nearly  a  linear  function,  and  putting  log] Q^  =  a;  and  1/T=i/,  can  be 
accurately  expressed  by, 

y  =  a  +  bx  +  cx^. 

The  constants  in  this  equation  for  the  amides  considered  are  : 


a, 

Formamide  0-02-'5259 

Acetamide    0-022957 

Propionamide  0  "022972 

Butyramide  0-022904 

isoButyramide 0-0.,2910 

Yaleramide  0-0o2757 


0-032o48 

-0-08965 

0-032371 

0-0g617 

0-032475 

0-0,;711 

0-032436 

0-0^699 

0-032525 

0-0fi787 

0-032451 

0-0^733 

Assigning  values  x  =  0  and  x=l,  we  obtain  for  the  reactivities 
uader  these  two  sets  of  corresponding  conditions  the  following 
numbers  : 


logio0  =  O. 


T.  K.  K^ 

Formamide 307-7  22-54  10 

Acetamide  338-2  25-34  11 

Propionamide     336-5  26-15  11 

Butyramide 355-2  26-91  11 

isoButyramide    343-6  27-67  12 

Yaleramide 362-8  30-00  13 


log,o<|)  =  l. 


T. 


•00 

333- 

-23 

367- 

-59 

367- 

-93 

376- 

•28 

376- 

-30 

398- 

K. 

K\ 

1 

265-5 

10-00 

6 

302-7 

11-40 

1 

310-7 

11-71 

0 

321-2 

12-10 

4 

332-0 

12-51 

2 

361-4 

13-62 

In  the  last  column,  K^  represents  the  relative  activity  in  each  case 
when  formamide  is  taken  equal  to  10.  This  ratio  is  practically  constant 
for  each  amide  at  all  temperatures  over  the  range  considered.  It  will 
be  seen  that  the  "  relative  reactivity"  at  corresponding  temperatures 
gradually  increases  with  rise  of  molecular  weight. 

From  the  velocity-constants  of  the  amides  it  is  possible  to  calculate 
approximately  their  stability  in  aqueous  solution.  The  time  in  years 
for  a  1  per  cent,  decomposition  is  given  by  : 

t=  Z":^^-,    log,    1^/60  X  24  X  365. 

where  o-  =  specific  conductivity  of  water  ; 

/x,  °°  =  molecular  conductivity  of  water  at  infinite  dilution. 
)•  =  ratio  of  hydroly tic  power  of  hydroxion  and  hydrion. 

At  a  temperature  of  15°,  taking  ^=  0*107 for  acetamide,  0-  =  2  x  10"'', 
and  r  =  2-5,  t  is  about  eleven  years. 

The  specific  conductivity  of  a  normal  solution  of  acetamide  at  the 
laboratory  temperature  changed  in  four  months  by  25  x  10~^  mhos. 
Taking  fx.^  for  ammonium  acetate  —  98,  this  gives  a  rate  of  decomposi- 
tion of  1  per  cent,  in  about  twelve  years,  which  is  in  fair  agreement 
with  the  above  number. 
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In  conclusion,  the  author  wishes  to  express  his  thanks  to  Professor 
Collie  for  kindly  supervising  the  work,  and  also  his  appreciation  of 
suggestions  offei*ed  by  him  and  by  Dr.  F.  G.  Donnan. 

Chemical  Department, 
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LX. — Ititeraction      of     Alkali      Starch     and      Carbon 
Disulphide.     Xantliogenic  Esters  of  Starch, 

By  Charles  Fukderic  Cross,  Edward  John  Bevan,  and 
John  Frederic  Briggs. 

The  xanthogenic  esters  of  cellulose,  which  have  been  described  in  a 
series  of  communications  (Trans.,  1893,  63,  837  ;  Ber.,  1893,  26, 
1090,  ihid.,  1901,  34,  1513;  Researches  on  Cellulose,  I.  and  II.) 
revert  to  cellulose  progressively  over  a  period  more  or  less  prolonged, 
depending  on  tempei'ature  and  other  conditions,  and  the  .stages  of  these 
reverse  decompositions  have  been  studied  as  characteristic  more 
especially  of  the  aqueous  solutions  of  the  product  (viscose). 

From  the  many  analogies  existing  between  starch  and  cellulose  it 
has  been  a  p}-io7'i  evident  that  the  corresponding  xanthogenic  esters  of 
the  former  would  be  produced  under  analogous  conditions  of  reaction ; 
but  to  control  these  conditions  so  as  to  obtain  the  intimate  mixture  of 
the  necessary  reagents,  namely,  starch,  alkali  hydroxide,  water,  and 
carbon  disulphide,  has  been  a  matter  of  some  difficulty. 

By  the  particular  device  of  moistening  the  starch  with  carbon 
disulphide,  and  then  adding  sodium  hydroxide  in  15 — 20  per  cent, 
solution,  a  liquid  mixture  is  obtained,  which,  however,  rapidly 
changes  to  a  swollen  but  non-coherent  mass  ;  the  carbon  disulphide 
is  held  as  an  emulsion  in  the  semi-solid  alkali-starch  hydroxide, 
and  under  these  conditions  the  reaction  proceeds  similarly  to 
the  cellulose  reaction  and  is  complete  in  two  to  four  hours. 

The  product  is  now  soluble  in  cold  water  and  is  fully  converted  into 
the  new  derivative.  It  is  accompanied,  as  in  the  case  of  the  cellulose 
reaction,  by  the  inevitable  by-products  of  reaction,  chiefly  sodium 
trisulphocarbonate,  which  gives  it  a  yellow  colour.  The  purified 
product  can  be  obtained  by  treating  with  dehydrating  agents,  such  as 
alcohol.  On  adding  acetic  acid  the  by-products  are  decomposed,  the 
sodium  xanthogenate  resisting  the  action  of  the  acid  as  in  the  case  of 
the  cellulose  ;  it  now  reacts  with  iodine  in  the  quantitative  pi'oportions 
corresponding  with  the  typical  equation  : 

^^<L  +  NaS>SC  +  I,  =  2NaI  +  C>i<^^>SC. 
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The  following  experimental  results  may  be  cited  as  typical. 

(1)  Twenty  grams  of  dry  starch  were  mixed  with  12-5  grams  of 
carbon  disulphide  and  then  with  42  grams  of  sodium  hydroxide 
solution  (20  per  cent.).  Under  these  conditions  the  incorporation  of 
the  reagents  together  is  incomplete,  and  we  found  it  convenient  to  use 
toluene  as  a  diluent. 

(2)  21  "9  Grams  of  dry  starch  were  treated  with  11  grams  of  carbon 
disulphide  diluted  with  10  grams  of  toluene,  55  grams  of  a  20  per 
cent,  solution  of  sodium  hydroxide  were  now  added  to  the  mixture, 
and  the  whole  stirred  during  solidification,  which  was  sufficiently 
retarded  for  perfect  mixture.  The  reaction  was  continued  for 
several  hours  and  the  mass  then  dilated  to  a  total  weight  of  300 
grams. 

This  specimen  was  analysed  on  a  sequence  of  days  covering  a  period 
of  two  to  three  weeks,  and  the  numbers  (below)  established  the  very 
close  similarity  of  the  starch  product  with  the  cellulose  analogues  (see 
Researches  on  Cellulose,  II,  pp.  98 — 99). 

The  particular  constitutional  index  of  the  series  is  the  soda  combined 
with  the  xanthate  residue,  which  is  estimated  by  titrations  based  upon 
the  quantitative  reaction  with  iodine  above  cited. 

The  necessary  correction  is  applied  for  the  ascertained  propoi-tion 
of  iodine  consumed  by  the  associated  by-products.  The  method 
is  based  upon  our  communication  in  Ber.,  1901,  34,  1513. 

It  may  not  be  superfluous  to  set  out  briefly  the  main  points  to 
be  noted  in  the  analytical  investigation  of  these  colloidal  substances. 

(1)  The  ester  may  be  freed  from  saline  by-products  by  precipitation 
by  a  neutral  dehydrating  agent.  When  "  pure  "  the  alkalimetric  and 
iodometric  estimations  (of  the  sodium)  give  identical  results,  and  the 
identity  is  a  criterion  of  "purity." 

(2)  Sulphur  is  estimated  as  BaSO^  after  fully  oxidising  with  hypo- 
chlorite :  the  pure  compounds  give  the  ratio  S  :  Na  =  2  : 1  ;  lastly,  the 
pure  colloid  itself  is  isolated  after  decomposition  by  a  mineral  acid, 
purified,  dried,  and  weighed. 

On  a  series  of  determinations  it  is  convenient  to  make  observations 
on  the  crude  solution.  The  details  of  the  analytical  method  applic- 
able to  this  have  been  carefully  worked  out  by  our  collaborator, 
Monsieur  L.  Naudin. 

The  iodometric  estimation  is  carried  out  under  a  condition  of  high 
dilution,  025  gram  of  the  colloid  per  1000  c.c.  Comparative  titra- 
tions in  separate  portions,  A  after  adding  acetic  acid,  B  after  adding 
sulphuric  acid,  afford  the  necessary  data. 

In  the  series  of  observations  of  the  specimen  of  the  starch  deriv- 
ative the  following  numbers  were  obtained  : 
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Soda  oonibined  as 
XOCSSNa,  represented 
Age  of  as  NaOH  per  cent, 

preparation.  of  original  starch. 

1  day 19-2 

5  days 1 0  '5 

6  „    10-3 

7  „    90 

IG    „    5-2 

The  oi'iginal  reaction  takes  place  in  the  approximate  stoichiometrical 
ratio  CgHjoOs  :  CSg  :  NaOH. 

It  is  interesting  to  note  that  starch  undergoes  only  a  slight 
incidental  hydrolysis  in  soluble  derivatives  under  the  conditions  of 
the  reaction,  and  the  proportions  precipitated  by  iodine  as  dixantho- 
genide  closely  correspond  with  the  percentage  calculated  from  the 
quantity  of  starch  originally  taken. 

The  investigation  of  this  series  of  derivatives  will  be  found  to  throw 
some  light  on  a  point  which  is  obscure  in  the  case  of  cellulose  by 
reason  of  the  difficulty  of  determining  as  between  the  cellulose 
(hydrate)  and  cellulose  xanthogenic  derivatives  containing  only  a 
fractional  quantity  of  the  CSS  residues. 

Taking  the  colour  reaction  of  starch  with  iodine  as  the  basis  of 
observations,  we  find  that  no  starch  can  be  detected  as  starch  through- 
out the  series  of  stages  of  spontaneous  decomposition  and  "reversion." 

Thus,  after  acidifying  with  acetic  acid  and  adding  excess  of  iodine  no 
colour  is  developed,  but  the  addition  of  mineral  acid,  by  immediate  decom- 
position of  the  xanthogenate,  develops  the  characteristic  iodine  reaction. 

A  graphic  representation  of  the  stages  of  reversion  would  be  marked 
by  an  asymptotic  approach  to  the  line  of  starch,  as  of  cellulose  in  the 
case  of  viscose.  In  either  case  there  is  a  remarkable  persistence  of 
fractional  residues  of  the  characteristic  OSSNa  groups,  influencing  one 
complex  and  diilerentiatiug  its  reactions  from  those  of  starch. 

It  might  be  urged  as  regards  the  quantitative  relations  that  these 
residues  are  the  reciprocal  measure  of  the  molecule  or  the  reacting  unit 
of  the  carbohydi"ate,  and  that  this  is  of  definitely  large  magnitude.  The 
alternative  view  is  that  the  reacting  unit  is  a  system,  homogeneous  as 
regards  a  particular  chemical  function,  although  heterogeneous  in  actual 
constitution.  This  appears  to  be  the  simplest  way  of  stating  the 
experimental  facts  in  accordance  with  the  observations  that  at  no 
stage  of  the  reversion  are  the  products  a  mixture  of  starch  and  its 
thiocarbonic  esters. 

The  investigations  of  these  products  have  been  carried  out  in  the 
Laboratory  of  the  Soci^te  FranQaise  de  la  Viscose.  We  wish  to 
express  our  obligations  to  this  Company  and  to  their  Chemist 
Director,  Monsieur  L.  Naudin. 
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March  22nd,  1907. 
Professor  R.  Meldola,  F.R.S.,  in  the  Chair. 

Dr.  G.  D.  Lander  and  Dr.  J.  F.  Thorpe  were  appointed  scrutators, 
and  the  Ballot  was  opened  for  the  election  of  Officers  and  Council  for 
the  ensuing  year. 

The  President  presented  the  Report  of  the  Council  on  the  progress 
of  the  Society  during  the  past  twelve  months.  The  adoption  of  the 
Report  of  the  Council  was  proposed  by  Prof.  J.  B.  Harrison,  seconded 
by  Prof.  W.  Jackson  Pope,  and  carried  unanimously. 

Report  op  the  Council. 

The  Council  have  the  satisfaction  of  being  able  to  report  the 
continued  prosperity  of  the  Society  and  that,  measured  by  the  number 
of  papers  read  and  the  number  of  Fellows  on  the  list,  there  has  been 
greater  activity  than  in  any  previous  year. 

On  the  3Lst  December,  1905,  the  number  of  Fellows  was  2,785. 
During  1906,  172  Fellows  were  elected  and  2  reinstated,  thus  making 
a  gx'oss  total  of  2,959.  The  Society  has  lost  24  Fellows  by  death;  24 
have  resigned,  the  elections  of  5  have  become  void  ;  39  have  been 
removed  for  non-payment  of  Annual  Subscriptions,  and  7  Life  Com- 
pounders, whose  addresses  could  not  be  found,  have  been  removed. 

The  total  number  of  Fellows,  therefore,  on  the  31st  December, 
1906,  was  2,860,  showing  an  increase  of  75  over  the  number  for  the 
previous  year. 
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The  names  of  the  deceased  Fellows,  with  the  dates  of  their  election, 
are  : 


\V.  H.  Chandler  (187:^). 

F.  J.  Claudet  (1852). 
T.  S.  Davis  (1876). 
W.  H.  Edwards  (1902). 
M.  H.  Foye  (1884). 
C.  H.  B.  Hambly  (1859). 
J.  G.  Hepburn  (1853). 
J.  S.  C.  Hey  wood  (1848). 

G.  H.  Hurst  (1885). 
F.  M.  Lyte  (1859). 
C.  W.  Marsh  (1881). 
E.  H.  Miller  (1897). 

The  followincr  Fellows  have  resio^ned 


W.  J.  Orsman  (1884). 

n.  Phillips  (1889). 

J.  E.  Pitman  (1906). 

T.  Royle  (1862). 

F.  Smith  (1890). 

T.  I).  Smith  (1898). 

H.  J.  P.  Sprengel  (1864). 

W.  S.  Squire  (1858). 

J.  A.  Storey  (1891). 

C.  Tookey  (1855). 

T.  B.  Tyson  (1885). 

A.  Walker,  Maj-Gen.  (1868). 


G.  D.  Atkinson. 
J.  Bateman. 
W.  C.  T.  Beasley. 
SirB.V.S.  Brodie,Bt. 
C.  H.  Burge. 
J.  M.  Campbell. 
H.  E.  Ellis. 
J.  C.  Fell. 


P.  Haigh. 

S.  M.  Haigh. 

W.  Harris. 

E.  Hughes. 

K.  B.  Lee. 

H.  L.  Leecli. 

H.  P.  Lewis. 

W.  C.  Mackenzie. 


A.  S.  Mayfield. 
J.  B.  Moody. 
J.  W.  Sandford. 
G.  T.  S.  Sichel. 
W.  H.  Sodeau. 
R.  C.  Styles. 
G.  E.  Tomlins. 
P.  J.  Yinter. 


The  names  of  the  Life  Compounders  whose  address  cannot  be  found, 
and  who  have  been  removed  therefore  by  the  Council  are  : 

G.  Crampton  (1875).  A.  W.  Gillman  (1865). 

J.  Danson  (1850).  J.  Hadkinson  (1878). 

A.  A.  Ferreira  (1864).  F.  E.  Harman  (1874). 

James  Millar  (1848). 

The  number  of  the  Fellows  who  were  elected  in  the  early  part  of 
the  last  century  has  been  still  further  diminished  by  the  death  of 
Mr.  F.  J.  Claudet,  elected  on  16th  February,  1852;  Mr.  J.  G. 
Hepburn,  elected  on  21st  February,  1853,  and  of  Mr.  J.  S.  C. 
Hey  wood,  who  was  elected  on  3rd  April,  1848. 

The  number  of  Honorary  and  Foreign  Members  at  the  close  of  1905 
was  34.  No  elections  have  been  held  during  1906,  but  the  Society 
has  to  mourn  the  loss  of  Dr.  Fedor  Beilstein,  who  was  elected 
1st  February,  1883,  and  who  died  on  19th  October,  1906.  The 
number  of  Honorary  and  Foreign  Members  at  31st  December,  1906, 
was  therefore  33. 
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Since  the  close  of  1906,  the  Society  has  lost  by  death  three  more  of 
its  Honorary  and  Foreign  Membert;,  namely,  Prof.  Dr.  D.  I.  Mendeleeff, 
(on  the  2ud  February),  Prof.  Dr.  Nicolai  Menschutkin  (on  the 
4th  Februai'j),  and  Prof.  Henri  Moissan  (on  the  20th  February). 

During  the  year  1906,  236  scientific  communications  have  been 
made  to  the  Society,  176  of  which  have  been  published  already  in  the 
Transactions,  and  abstracts  of  all  have  appeared  in  the  Proceedings. 

The  volume  of  Transactions  for  1906  contains  1,943  pages,  of  which 
1,890  are  occupied  by  186  memoirs,  the  remaining  53  pages  being 
devoted  to  the  Cleve  Memorial  Lecture,  the  Report  of  the  Annual 
General  Meeting,  and  the  Presidential  Address ;  the  volume  for  the 
preceding  year  contains  184  memoirs,  which  occupy  1,818  pages. 

The  Journal  for  1906  contains  also  4,541  abstracts  of  papers 
published  mainly  in  foreign  journals,  which  extend  to  1,912  pages, 
whilst  the  abstracts  for  1905  numbered  4,356,  and  occupied  1,828 
pages. 

The  abstracts  for  1906  may  be  classified  as  follows : 


No.  of 
Pages.        Abstracts. 


Part   I. 
Organic  Chemistry 1,000  1,745 

Part    II. 

Genei-al  and  Phybical  Chemistry   651 

Inorganic  Chemistry   559 

Mineralogical  Chemistry    128 

Physiological  Chemistry 486 

Chemistry    of    Vegetable    Physiology    and 

Agriculture 343 

Analytical  Chemistry 629 


912         2,796 


Total  in  Parts  I.  and  II 1,912  4,541 

Among  the  first  acts  of  the  Council  elected  in  March,  1906,  was  the 
appointment  of  a  Finance  Committee,  and  it  was  decided  also  that  the 
names  of  the  Members,  together  with  those  of  the  House,  Library, 
Publication,  and  Research  Fund  Committees,  should  be  read  from  the 
Chair  at  the  Ordinary  Meeting  next  after  the  Meeting  of  Council  at 
which  the  Committees  are  formed. 

In  the  previous  session,  and  on  a  second  occasion  during  the  present 
one,  the  desirability  of  reading   the  minutes  at  an  Ordinary  Meeting 
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has  been  called  in  question  ;  for  the  guidance  of  Chairmen  on  this 
point  it  has  been  resolved  that  henceforth  the  minutes  must  be  read  as 
long  as  the  present  Bye-Laws  remain  in  force. 

The  practice  of  holding  the  Ordinary  Meetings  of  the  Society  on  the 
first  and  third  Thursdays  of  the  month,  reversion  to  which  was 
announced  in  the  last  Annual  Report,  appears  justified  by  the  average 
attendance  of  Fellows,  which  has  been  well  maintained.  In  order  to 
relieve  the  pressure  of  business  which  has  been  usual  at  the  first  and 
last  Meetings  of  the  Session,  it  was  decided  to  hold  two  extra 
Meetings,  in  October  and  July  respectively. 

The  triennial  award  of  the  Longstaff  Medal  to  the  Fellow  of  the 
Society  who,  in  the  opinion  of  the  Council,  has  done  the  most  to 
promote  Chemical  Science  by  Research,  was  made,  on  the  recommenda- 
tion of  the  Research  Fund  Committee,  to  Prof.  Walter  Noel  Hartley, 
F.R.S.,  in  recognition  of  his  spectrochemical  investigations.  The 
medal  was  presented  on  October  18th,  1906. 

On  the  occasion  of  the  International  Celebration  marking  the 
Fiftieth  Anniversary  of  the  Foundation  of  the  Coal  Tar  Colour 
Industry,  an  address  of  congratulation  to  Sir  William  Henry  Perkin, 
F.R.S.,  was  presented  on  behalf  of  the  Society  by  the  President.  In 
accordance  with  the  resolution  of  the  public  meeting  at  which  the 
commemoration  was  inaugurated,  a  marble  bust  of  Sir  William  Perkin, 
executed  by  Mr.  F.  W.  Pomeroy,  A.R.A.,  has  been  presented  to  the 
Society  by  the  Committee  administering  the  Fund  subscribed  in 
support  of  the  celebration. 

The  Society  has  also  received  a  Berzelius  medal  cast  in  selenium, 
presented  by  Mr.  John  Spiller,  and  Prof.  J.  M.  Thomson,  F.R.S.,  has 
presented  an  aqua-tiut  engi-aving  of  Dr.  Thomas  Thomson,  F.R.S., 
Regius  Pi'ofessor  of  Chemistry  in  the  University  of  Glasgow  from 
1818  to  1852. 

Duriug  the  vacation  of  1906  an  address  was  presented  to  the 
University  of  Aberdeen  at  the  celebration  of  its  fourth  centenary, 
which  took  place  in  September.  The  congratulations  of  the  Society 
were  offered  also  to  the  distinguished  Honorary  and  Foreign  member. 
Professor  Adolph  Lieben,  on  the  occasion  of  his  seventieth  birthday 
and  fiftieth  anniversai-y  of  his  doctorate. 

The  desirability  of  applying  for  a  supplemental  Charter  with  a  view 
to  removing  existing  restrictions  in  regard  to  nationality  and  sex  as 
affecting  election  to  the  Fellowship  of  the  Society  has  been  carefully 
considered  by  the  Council.  After  receiving  the  report  of  a  Special 
Committee  consisting  of  Mr.  Phipson  Beale,  Mr.  Bousfield,  Dr.  Horace 
Brown,  Dr.  Moody,  Professor  Emei-son  Reynolds,  Dr.  T.  E.  Thorpe, 
Professor  W.  A.  Tildeu,  and  the  Oflicers,  the  Council  resolved  that  for 
the  guidance  of  Chairmen,  only  those  Fellows  who  are  British  subjects 
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can  vote  at  meetings  or  be  eligible  for  offices,  and  that  the  matter  be 
made  clear  by  adding  to  the  gloss  on  the  Charter,  after  the  first  para- 
graph, the  words  "  but  British  subjects  who  are  Fellows  can  alone 
exercise  corporate  I'ights,  or  be  eligible  for  office.'' 

The  Council  has  resolved  that,  following  the  ordinary  index  of  the 
Transactions,  there  shall  appear  a  list  of  new  compounds  described 
in  the  original  communications,  tabulated  according  to  the  Richter 
system. 

The  alchemical  and  early  chemical  works  presented  to  the  Library 
by  Sir  Henry  E.  Roscoe  have  been  catalogued  (Proc,  1906,  22, 
209 — 233)  and  the  volumes  placed  in  a  special  book-case. 

The  number  of  books  borrowed  from  the  Library  during  1906  was 
1,126,  as  against  1,108  in  the  previous  year.  The  additions  to  the 
Library  comprise  :  («)  a  collection  of  136  alchemical  and  other  books 
presented  by  Sir  Henry  E.  Eoscoe  ;  (6)  121  books,  of  which  64  were 
presented,  385  volumes  of  periodicals,  and  32  pamphlets,  as  against 
165  books,  324  volumes  of  periodicals,  and  48  pamphlets  last  year. 

In  January  last  the  Council  decided  that  during  the  remainder  of 
the  present  Session  the  Library  shall  be  kept  open  for  the  use  of 
Fellows  every  Thursday  from  10  a.m.  until  9  p.m.,  except  on  those 
evenings  on  which  the  Society  meet?,  when  it  will  remain  open  until 
10.30  p.m. 

The  annual  income  of  the  Research  Fund  from  its  investments  is 
.£219  17s.  Od.,  and  from  this,  grants  amounting  to  £210,  as  well  as  the 
Longstaff  Honorarium  and  Medal,  had  to  be  paid.  That  this  should 
be  not  only  possible,  but  that  there  should  also  be  an  excess  of  income 
over  expenditure  of  £26  13s.  lid.  for  the  year,  is  due  to  the  amount 
of  £38  6s.  lid.  having  been  returned  from  grants  made  in  previous 
years.  In  the  Transactions  for  1906  there  are  31  papers  contributed 
by  authors  to  whom  grants  had  been  made  from  the  Research  Fund. 

The  Treasurer  has  great  pleasure  in  recording  that  in  February  of 
the  present  year  the  Society  received  a  further  munificent  donation  of 
£1000  to  the  Research  Fund  from  the  Worshipful  Company  of  Gold- 
smiths. The  income  accruing  from  this  donation  will,  in  accordance 
with  the  expressed  wish  of  the  donors,  be  devoted  especially  to  the 
encouragement  of  research  in  metallurgy  and  inorganic  chemistry. 

The  financial  transactions  of  the  Society  for  the  past  year  have  been 
very  satisfactory  and  show  a  substantial  surplus.  The  total  income 
of  the  Society  for  1906  is  £7121  8s.  lid.,  being  an  increase  of 
£327  14s.  lid.  over  that  for  1905  (£6793  14s.  Od.),  in  spite  of  the 
fact  that  the  amount  received  on  account  of  Life  Composition  Fees 
has  fallen  from  £360  to  £268,  a  decrease  of  £92.  The  increase  in 
income  is  mainly  composed  of  the  following  three  items  :  (1)  admis- 
sion   fees,    £120;    (2)   annual  subscriptions,    £138    ISs.    Od.,   and  (3) 
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sale  of  publications,  £120  Qs.  Sd.  Whilst  the  income  has  notably 
increased,  the  expenditure  has  fallen  much  more  considerably  and  is 
£718  19s.  Sd.  less  than  last  year,  so  that  instead  of  a  deficit  of 
£305  Is.  5d.  on  the  year's  working  there  is  a  surplus  of  £741  13s.  2d., 
a  difference  in  all  of  £1046  14s.  7d.  This  is  due  very  largely  to 
having  no  expenses  of  any  kind  to  meet  on  account  of  the  Collective 
Index,  which  last  year  alone  cost  the  Society  £778  10s.  5d.,  but  it 
must  not  be  thought  that  nothing  is  being  done  towards  the  prepara- 
tion of  the  next  volume,  because  the  card  indexes  now  made  by  Mis. 
Dougal  for  each  Annual  Index  will,  with  comparatively  little  expense 
and  labour,  be  blended  together  and  thus  utilised  for  the  preparation 
of  Vol.  Y.  of  the  Collective  Index,  which  will  cover  the  period 
1903  —  1912. 

The  cost  of  the  Journal,  the  Proceedings,  and  the  Annual  Reports 
all  show  increased  expenditure,  amounting  to  £71  Is.  6cZ.,  £40  6«., 
and  £68  10s.  7<i.  respectively.  It  is  very  satisfactory  to  notice  that 
although  the  Transactions  and  Abstracts  show  an  increase  of  over 
200  pages  and  contain  several  lengthy,  as  well  as  important  and 
expensive,  papers,  the  increase  in  cost  should  be  so  small.  In  this  con- 
nexion the  Treasurer  has  to  thank  Professor  Pope  and  Mr.  Barlow  for 
supplying  all  the  blocks  required  to  illustrate  their  paper  published  in 
the  November  issue  of  the  Journal.  The  increased  cost  of  the  Pro- 
ceedings is  due  in  part  to  the  issue  of  two  additional  numbers  corre- 
sponding to  the  two  extra  Meetings  of  the  Society  in  July  and  in 
October,  and  in  part  also  to  the  printing  of  the  catalogue,  compiled 
with  great  care  by  the  Librarian,  of  the  collection  of  alchemical  works 
above  referred  to  which  the  Society  owes  to  the  generosity  of 
Sir  H.  E.  Roscoe,  and  which  are  now  properly  boused  in  the  Library. 

The  balance  sheet  also  shows  that  a  small  legacy  of  £33  12s.  3c/. 
has  been  received  under  the  will  of  the  late  Mr.  Henry  Dircks,  and  is 
a  residue  of  the  estate  from  which  almost  exactly  thirty  years  ago  the 
Society  received  £840  5s. 

The  Treasurer  gave  a  statement  as  to  the  Society's  Income  and 
Expenditure  during  the  year  1906,  and  proposed  a  vote  of  thanks  to 
the  Auditors,  which  was  seconded  by  Dr.  W.  R.  E.  Hodgkinson  and 
carried  unanimously.  Acknowledgment  was  made  by  Mr.  E.  Grant 
Hooper. 
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INCOME   AND   EXPENDITURE   ACCOUNT 


Income. 


To  Life  Compositions 

,,  Admission  Fees       

,,  Annual  Subscriptions — 

Received  in  advance,  on  account  of  1906 
„  duiiuK  19(16  on  account  of  1906 

»  >>  ..  >>  100^ 

1904 


Less   amount  included  in  last  year's  Income,   being 
Arrears  as  jier  last  Balance  Sheet      


i.  d. 


207  18  0 

3973    0  0 

214    0  0 

10    0  0 


valuation  of 


Add  Arrears  at  date 
[  per  Balance  Sheet  . 


190C  £410,  1905  f  24,  e.stimatetl  to  realise  as 


4434  18 

0 

250  0 

0 

4184  18 

0 

260  0 

0 

Investments : — 
Dividends  on  £6,730  Metropolitan  Consolidated  3J  per  cent.  Stock  ... 
,,  £1,050  London  and  North  Western  14ailway  3  percent. 

Debenture  Stock 

,,  £1  520  14«.  3d.  Cardill  Corporation  3  per  cent.  Stock  ... 

,,  £1,400  India  2^  per  cent.  Stock    

,,  £2,400  Bristol  Corporation  2J  per  cent.  Debenture  Stock 

,,  £4,341  Midland  Railway  2*  percent.  Preference  Stock 

,,  £1,200  Leeds  Corporation  3  per  cent.  Stock     

,,  £1,500  Transvaal  3  per  cent.  Guaranteed  Stork     

Income  Tax  Recovered     

Interest  on  Deposit  Account 

Publications : — 
Sales  : 

Journals     

Proceedings      

General  Index 

Memorial  Lectures 

Library  Catalogue 

Atoiaic  Weight  Tables .. 

Jubilee  Volume 

Annual  Report  on  the  Progress  of  Chemistry.     Vol.  I       

Vol.  11      


Less  Publishers'  Commission 


29  18 

6 

43  6 

8 

33  5 

0 

57  0 

0 
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A  vote  of  thanks  to  the  Treasurer,  Secretaries,  Foreign  Secretary, 
and  Council  for  their  services  during  the  past  year  was  proposed  by 
Sir  William  H.  Perkin,  seconded  by  Dr.  E.  Divers,  and  adopted 
unanimously  ;  this  was  acknowledged  by  Sir  William  Ramsay. 

The  President  then  delivered  his  address,  which  will  be  found  on 
p.  626. 

Dr.  T.  E.  Thorpe  proposed  a  vote  of  thanks  to  the  President 
coupled  with  the  request  that  he  would  allow  it  to  be  piinted  in  the 
Society's  Transactions.  The  motion  was  seconded  by  Prof.  J.  Millar 
Thomson,  and  carried  with  acclamation,  the  President  making 
acknowledgment. 

The  Scrutators  then  presented  their  report  to  the  Chairman,  who 
declared  that  the  following  had  been  duly  elected  as  Officers  at  d 
Council  for  the  ensuing  year  : 

President :  Sir  William  Ramsay,  K.C.B.,  F.R.S. 

Vice-Presidents  who  have  filled  the  Office  of  President:  H.  E.  Arm- 
strong, Ph.D.,  LL.D.,  F.R.S.  ;  A.  Cram  Brown,  D.Sc,  LL.D.,  F.R.S.  ; 
Sir  William  Crookes,  D.Sc,  F.R.S.  ;  Sir  James  Dewar,  M.A.,  LL.D., 
F.R.S.  ;  A.  Vernon  Harcourt,  M.  A.,  D.C.L.,  F.R.S.  ;  Raphael  Meldola, 
F.R.S.;  H.  Muller,  Ph.D.,  LL.D.,  F.R.S.;  W.  Odling,  MA.,  M.B., 
F.R.S.  ;  Sir  W.  H. '  Perkin,  Ph.D.,  LL.D.,  F.R  S.  ;  J.  Emerson 
Reynolds,  ScD.,  M.D.,  F.R.S.  ;  Sir  Henry  E.  Roscoe,  LL.D.,  F.R.S.  ; 
W.  J.  Russell,  Ph.D.,  F.R.S.;  T.  E.  Thorpe,  C.B.,  LL.D,  F.RS.  ; 
W.  A.  Tilden,  D.Sc,  F.R.S. 

Vice-Presidents :  J.  J.  Dobbie,  M.A.,  D.Sc,  F.R.S. ;  Rudolph 
Messel,  Ph.D.  ;  Sir  Alexander  Pedler,  CLE.,  F.R.S.  ;  W.  H.  Perkin, 
Ph.D.,  F.R.S.  ;  A.  Smithells,  B.Sc,  F.R.S.  ;  W.  P.  Wynne,  D.Sc, 
F.R.S. 

Treasurer :  Alexander  Scott,  M.A.,  D.Sc,  F.R.S. 

Secretaries:  M.  0.  Forster,  D.Sc,  Ph.D.,  F.R.S.  ;  A.  W.  Crossley, 
D.Sc,  Ph.D. 

Foreign  Secretary :  Horace  T.  Brown,  LL.D.,  F.R.S. 

Ordinary  Members  of  Council :  Edward  C.  C.  Baly ;  George  T. 
Beilby,  F.R.S. ;    Bernard  Dyer,  D.Sc  ;  W.  R.  E.  Hodgkinson,  Ph.D. 

E.  Grant  Hooper;  H.  A.  D.  Jowett,  D.Sc  ;  H.  R.  Le  Sueur,  D.Sc 

F.  E.  Matthews,  Ph.D. ;  G.  T.  Moody,  D.Sc. ;  A.  G.  Perkin,  F.R.S 
W.  J.  Sell,  M.A.,  D.Sc,  F.R.S. ;  John  Wade,  D.Sc 
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PEESIDENTIAL  ADDRESS. 

Delivered  at  the  Annual  General  Meeting,  March  22nd,  1907. 

By  PvAriiAEL  Meldola,  F.E.S, 

The  Position  and   Prospects  of  Chemical   Research   in 
Great  Britain. 

The  Status  of  Original  Research. 

I  have  taken  for  the  subject  of  this  year's  address  a  theme  which 
appeals  to  us  all  in  various  ways,  and  which  I  propose  to  discuss 
under  the  above  heading.  According  to  our  Charter  we  exist  as 
a  Society  "for  the  general  advancement  of  Chemical  Science." 
This  is  tantamount  to  a  declaration  that  our  primary  object  is  the 
promotion  of  original  research  because,  although  there  are  many 
ways  of  promoting  a  science,  original  investigation  is  unquestion- 
ably the  most  important.  Our  publications  bear  testimony  to  the 
fact  that  our  Society  has  well  carried  out  and  is  still  actively  pro- 
moting the  object  for  which  it  was  founded  sixty-six  years  ago. 
A  critical  examination  of  our  publications  \n\\  further  show  that 
the  output  of  original  work  is,  on  the  whole,  increasing  both  in 
quality  and  in  quantity.  In  order  to  bring  out  this  point  our 
Assistant  Secretary,  Mr.  Carr,  has  at  my  reqiiest  compiled  a  table 
dealing  with  the  period  from  1895  to  1906  inclusive,  and  giving 
under  different  columns  the  number  of  papers  contributed  to  the 
Transactions  and  Proceedings,  the  number  of  contributing  authors, 
and  other  useful  information.  The  table  itself  may  be  consulted 
for 'details,*  but  just  to  give  an  idea  of  the  rate  of  progress  I  may 
state  that,  in  1895,  109  authors  contributed  116  papers  to  the 
Transactions  and  132  authors  contributed  157  abstracts  or  papers 
to  the  Proceedings.  In  1906,  183  authors  contributed  186  papers 
to  the  Transactions  and  215  authors  contributed  236  abstracts  or 
papers  to  the  Proceedings. 

It  is  impossible  to  contemplate  these  figures  without  coming  to 
the  conclusion  that  a  generation  of  active  workers  is  springing  up 
of  which  we  have  every  reason  to  be  proud,  and  in  whose  keeping 
we,  whose  period  of  activity  cannot  in  the  order  of  nature  last  very 
many  years,  may  feel  assured  that  the  reputation  of  our  Society 
will  be  honourably  maintained.  Taking  advantage  of  my  present 
position  for  addressing  this  newer  band  of  workers,  I  would  veij- 

*  See  Appendix  A,  p.  659. 
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ture  to  point  out  that  the  investigations  which  you  are  carrying 
on  are  of  an  importance  which  perhaps  even  the  greatest  enthu- 
siasts in  your  ranks  have  hardly  yet  realised.  It  is  not  alone  the 
individual  discoveries,  it  is  not  only  your  personal  contributions 
to  the  great  edifice  of  human  knowledge,  neither  is  it  the  practical 
applications  of  your  discoveries  that  constitute  the  supreme  im- 
portance of  this  work,  the  results  of  which  you  are  giving  to  the 
world.  We  are  all  labourers  in  a  common  cause — the  maintenance 
of  the  spirit  of  scientific  research — and  it  is  to  organisations  like 
this  and  kindred  societies  that  we  look  for  the  presei'vation  and 
perpetuation  of  that  spirit.  Every  advance  made  into  the  limit- 
less regions  of  the  unknown,  whether  by  a  few  humble  steps  or  by 
the  flying  leap  of  a  great  generalisation,  must  be  regarded  as  a 
contribution  to  the  common  cause.  We  must  take  a  broad,  an 
imperial  view  of  original  research  if  we  desire,  as  we  all  do,  to  in- 
fluence the  public  mind.  Every  discovery  emanating  from  your 
laboratories  not  only  helps  to  extend  the  boundaries  of  our  science 
but  it  helps  also  to  uphold  the  general  principle  that  original  re- 
search is  in  itself  and  by  itself  the  most  powerful  weapon  that  has 
been  or  ever  can  be  wielded  by  mankind  in  struggling  with  the 
great  problems  which  nature  offers  on  all  sides  for  solution. 

It  may  appear  superfluous  for  me  to  sound  a  ptean  on  behalf 
of  original  research  before  the  Fellows  of  a  Society  which  osten- 
sibly exists  for  the  very  purpose  of  promoting  research.  It  is, 
however,  unfortunately  only  too  notorious  that  in  this  country 
the  general  public  attitude  towards  research  is  either  apathetic  or 
else  narrowly  practical — narrow  to  the  extent  of  crippling  real  pro- 
gress. Although  we  may  all,  individiially  and  collectively,  realise 
the  importance  of  our  mission,  the  nation  as  a  whole  cannot  be 
said  to  have  given  recognition  to  the  principle  that  the  productive 
activity  of  the  scientific  worker  is  one  of  the  prime  factors  con- 
cerned in  all  national  development,  and  that  the  credit  of  the 
covxntry  in  the  eyes  of  the  civilised  world  demands  that  our  rate  of 
progress  in  the  field  of  scientific  discovery  should  go  on  increasing 
from  generation  to  generation.  It  may  be  useful,  therefore,  to 
take  advantage  of  opportunities  such  as  this  to  remind  the  outer 
world  from  time  to  time  that  in  this  and  in  our  sister  societies, 
both  within  and  without  the  precincts  of  Burlington  House,  there 
exist  bands  of  ardent  workers  who  are  fighting  in  this  great 
cause,  often  in  face  of  adverse  influences  arising  directly  or  in- 
directly from  public  indifference  or  other  causes,  some  of  which  I 
propose  dealing  with  in  this  address. 

To  all  who  are  familiar  with  the  influence  of  scientific  progress 
on  the  evolution  of  civilisation,  that  is,  to  all  students  of  the  his- 
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tory  of  modern  science,  the  general  want  of  appreciation   of  re- 
search here  cannot  but  be  a  matter  of  profound  wonderment.     It 
is  not  my  intention  to  attempt  an  analysis  of  the  causes  of  this 
public   apathy  on   the   present  occasion.     "We   must,   I   am   afraid, 
deal  with  it  as  an  accepted  fact.     Attention  has  from  time  to  time 
been  called  to  this  national  weakness  by  the  Press  and  by  pub- 
licists whose  influence  should   carry  conviction  to   the  lay  mind. 
"We   can,    no    doubt,   remember   weighty   utterances   by   statesmen 
such  as  the  Duke  of  Devonshire,  the  late  Lord   Salisbury,   Lord 
Rosebery,  Mr.  Chamberlain,  Mr.  Balfour,  and,  above  all,  in  recent 
times,   Mr.   Haldane,   who   loses  no   opportunity  of  driving  home 
the  lesson  of  the  importance  of  science  and  of  scientific  method  to 
the  national  welfare.     Nor  have  our  scientific  workers  themselves 
failed  to  sound  the  note  of  alarm  with  all  the  authority  of  expert 
knowledge.     But,   in   spite   of   these   individual   efforts,   it   cannot 
be   said   that   we  have   made  much   headway;    public   interest   in 
scientific  research  may  still  be  considered  to  be  on  a  low  level — 
certainly  lower  here  than  in  many  other  leading  nations,  and  most 
decidedly   lower   than    is   desirable   in    the   best   interests    of    our 
country.     A  temporary  flicker  of  excitement  is  caused  when  some 
sensational  discovery  is  announced,  or  when  some  result  of  imme- 
diate practical   (commercial)   value  is  made  known,   but   even   in 
these  cases  the  interest  taken  is  only  transitory  and  is  narrowed 
down  to  the  immediate  issue;  the  broad  cause  which  makes  such 
results  possible  is  lost  sight  of.     The  steady,  plodding  work  which 
culminates  in  great  discoveries  is  being  carried  on  quite  unheeded 
by  the  general  public,  and  the  workers  themselves  are  practically 
unknown  outside  the  ranks  of  science.     Research  as  a  "  cult  "  is 
not  understood;  the  national  attitude  towards  the  workers  is  one 
of  "  payment  by  results  "  in  the  very  narrowest  sense  of  the  term. 
How  this  state  of  affairs  is  to  be  remedied  is  a  knotty  question 
which  I  confess  appears  to  me  somewhat  hopeless  of  solution  at 
the    present    time.     It    may    be   that    by    persistent    attack    from 
within  and  the  pressure  of  competition  from  without  the  country 
will,  in  fact  mtist  sooner  or  later,  awaken  to  the  situation.     It  may 
be  that  science  will  have  to  become  more  self-assertive  and  make 
its   influence  felt   as   a   political   power.     There   is   need   here,   as 
has   been   often   suggested,    for   a   Minister   corresponding   to   the 
"  Minister   of   Public   Instruction,"    or   the    "  Cultus-Minister "    of 
other  countries.     The  newly-formed  "  British   Science  Guild  "  may 
fairly  be  expected  in  the  course  of  time  to  help  us  in  raising  the 
level  of  public  opinion  towards  the  importance  of  research,  this 
being,  in  fact,  one  of  the  primary  objects  for  which  this  organisa- 
tion has  been  founded.     It  is  safe  to  assert  that  any  individual 
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or  organised  body  of  workers,  however  zealous,  who  undertake 
this  mission  will  have  a  Herculean  task  to  perform.  But,  in  the 
meantime,  while  waiting  for  the  era  of  public  enlightenment, 
there  must  be  no  pause  in  your  search  for  new  knowledge;  there 
is  no  need  to  call  a  halt;  there  are  boundless  "regions  yet  un- 
trod "  awaiting  your  enterprise.  The  imperial  view  of  research 
which  I  am  advocating  will  add  zest  to  your  labours  if  you  con- 
sider that  by  your  individual  efforts  you  are  helping  forward  the 
general  cause  which  we  all  have  at  heart.  The  new  recruits  which 
our  little  army  of  research  chemists  has  gathered  into  its  ranks  are 
missionaries  in  this  cause  and  active  witnesses  to  the  truth  of  the 
doctrine  that  the  creativeness  of  its  scientific  men  is  one  of  the 
most  precious  assets  which  the  country  possesses.  It  is  perhaps 
unnecessary  to  qualify  this  statement  with  the  caution  that  I  am 
not  advocating  a  policy  of  bluster  or  of  exaggerated  self-assertive- 
ness  towards  the  non-scientific  laity,  or  the  equally  objectionable 
policy  of  constituting  ourselves  a  mutual  admiration  society.  The 
temperament  of  our  countrymen  may,  happily,  be  depended  upon 
for  keeping  them  clear  of  the  danger  of  assuming  an  attitude 
which  is  both  derogatory  to  science  and  damaging  to  its  status  in 
the  public  estimation.  At  the  same  time,  it  is  impossible  to  survey 
the  achievements  of  our  little  army  of  workers  during  the  last 
decade  without  coming  to  the  conclusion  that  neither  in  zeal  or 
originality,  nor  in  any  of  the  qualifications  which  have  enabled 
other  nations  to  advance  the  cause  of  chemical  science,  are  we  lack- 
ing in  this  country. 

The  Jubilee  of   the  Foundation  of  the  Coal-tar   Colour 
Industry  and  its  Lessons. 

The  exaltation  of  scientific  research  into  an  abstract  principle 
or  "  cult,"  which  is  the  keynote  of  the  remarks  which  I  have  put 
together  for  your  consideration  on  this  last  opportunity  when  I 
shall  have  the  honour  of  addressing  you  from  the  Presidential 
Chair,  is,  of  course,  a  familiar  subject  to  all  who  keep  in  view  the 
objects  of  a  society  such  as  this.  If  I  venture  to  formulate  the 
principle  somewhat  more  emphatically  on  this  occasion,  it  is  that 
the  international  gathering,  which  took  place  here  last  summer  in 
honour  of  our  distinguished  past-President,  Sir  William  Perkin, 
and  in  celebration  of  the  jubilee  of  the  foundation  of  the  coal-tar 
colour  industry,  has  given  rise  to  many  considerations  which  are 
intimately  associated  with  the  subject  of  this  address.  Although 
at  that  memorable  assembly  the  voice  of  the  nations  was  raised 
in  gratitude  for  and  in  recognition  of  the  numerous  benefits  aria- 
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ing  from  the  establishment  of  a  great  industry,  we  must  not 
forget  that  below  the  chorus  of  praise  and  congratulation,  so  justly 
sounded  in  honour  of  the  founder,  there  was  flowing  an  under- 
current of  thought  which,  in  some  of  the  addresses  and  speeches, 
found  verbal  expression — the  thought  that  this  industry  owed  its 
existence  to  scientific  research,  and  that  it  had  been  developed 
into  its  present  magnitude  by  the  never-ceasing  applications  of 
research.  Certainly,  Perkin  himself  has  never  lost  an  opportunity 
of  driving  home  this  lesson  either  to  his  scientific  colleagues  or  to 
the  general  public.  I  have  no  desire  to  exalt  the  coal-tar  indus- 
try into  a  position  of  undue  prominence,  although  I  have  myself 
served  an  apprenticeship  thereto,  but  it  is  now  quite  notorious 
that  no  branch  of  modern  industry  has  ever  furnished  such  a 
striking  object-lesson  in  the  application  of  scientific  research  to 
industrial  progress. 

I  confess  that  there  was  sore  temptation  in  sketching  the  out- 
lines of  this  address  to  take  advantage  of  last  year's  jubilee,  in 
order  to  treat  specifically  of  the  history  of  the  coal-tar  industry 
from  the  point  of-  view  of  the  bearing  of  pure  scientific  discovery 
upon  its  progress  and  development.  It  is  thought  by  many  who 
are  acquainted  with  this  chapter  in  the  history  of  chemistry 
that  there  is  still  scope  for  such  a  thesis.  On  the  present  occasion, 
however,  it  is  perhaps  better  to  avoid  handling  a  topic  which 
must  necessarily  be  more  or  less  technical,  especially  in  view  of 
the  fact  that  this  aspect  of  the  subject  has  already  been  dealt 
with  to  some  extent  by  chemists,  many  of  whom  are  well  qualified 
to  speak  with  expert  authority.  It  is  only  necessary  to  remind 
you  of  the  addresses  delivered  before  the  German  Chemical  Society 
in  1890  in  honour  of  Kekule,  on  the  occasion  of  the  celebration 
of  the  foundation  of  the  benzene  theory;  of  the  Griess  obituary 
notices  by  Hofmann,  Emil  Fischer,  and  Caro,  published  by  the 
same  Society  in  1891 ;  of  Care's  well-known  lecture  on  the  in- 
dustry, delivered  before  the  Gorman  Chemical  Society  in  1892;  of 
the  Hofmann  memorial  lectures,  delivered  before  this  Society  in 
1896  by  Lord  Playfair,  Sir  F.  Abel,  Dr.  Perkin,  and  Dr.  Arm- 
strong; and  of  the  recent  lecture  by  A.  v.  Baeyer,  given  in  honour 
of  the  Perkin  jubilee.  Speaking  genei'ally,  it  may  be  said  that 
all  the  great  steps,  the  new  departures  in  the  industry  of  coal-tar 
products,  have  been  the  outcome  of  pioneering  work  carried  on  in 
the  first  place  without  immediate  reference  to  practical  results. 
All  honour  to  those  who  have  developed  these  results  into  manu- 
facturing operations,  but  honour  in  the  first  place  to  the  scientific 
pioneers!  This  is  the  real  lesson  taught  by  the  celebrations  of 
last  July.     It  may  be  of  interest  to   consider  in  the  ijext  place 
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how  far  this  lesson  has  been  learnt  here  on  the  one  hand  by  the 
scientific  public  and  on  the  other  by  the  general  public. 

That  the  lesson  has  not  been  learnt  by  those  who  are  most 
immediately  concerned,  the  manufacturers  themselves,  is  suffi- 
ciently apparent  when  we  compare  the  enormous  development  of 
the  industry  in  Germany  with  its  comparatively  small  develop- 
ment here  and  its  decadence  in  France,  once  an  active  centre  and 
a  successful  competitor  with  us  in  the  manufacture  of  coal-tar 
colouring-matters.  This,  I  am  fully  aware,  is  a  sore  topic  with  our 
manufacturers;  but,  unfortunately,  the  facts  are  only  too  obvious. 
A  recent  paper  by  Dr.  James  T.  Conroy  on  "  The  Chemical  Trade 
of  England  and  Germany — a  Comparison  "  (/.  Soc.  Ghem.  Ind., 
1906,  25,  1011)  will  be  found  very  insti'uctive  by  those  who 
require  later  statistical  details.  With  respect  to  the  public  attitude, 
it  may  be  said  that  such  appreciation  of  Perkin's  work  as  was  ex- 
pressed through  our  Press  was  just  what  might  have  been  antici- 
pated in  a  country  where  the  true  position  of  scientific  research  is 
imperfectly  understood.  The  rejoicing  was  over  the  purely  prac- 
tical achievement — ^the  discovery  of  the  convertibility  by  chemical 
processes  of  so  many  otherwise  useless  tar  products  into  saleable 
articles  of  commerce.  The  public  cannot,  as  matters  now  exist  in 
this  country,  go  behind  such  proximate  results.  Moreover,  the 
limitation  of  the  appreciation  in  this  way  brings  out  very  clearly 
the  difficulties  which  must  be  encountered  in  any  attempt  to  raise 
the  status  of  scientific  research  in  general,  and  of  chemical 
research  in  particular,  in  the  national  estimation.  Consider,  by  way 
of  contrast,  the  works  of  the  litterateur  or  artist;  these  appeal 
directly  to  the  public  or  to  some  section  of  the  public,  and  can  be 
appreciated  according  to  their  merits.  Not  so  the  labours  of  the 
scientific  investigator;  his  achievements  are  measured  solely  by 
the  utilitarian  standard ;  he  is,  as  I  said  before,  paid  strictly  by 
results.  In  other  words,  while  Literature  and  Art  have  taken 
their  position  as  "  cults  "  in  all  civilised  nations — a  position  to 
which  they  are  fully  entitled — Science  is  judged  by  a  lower  and 
narrower  standard,  and  certainly  cannot  be  said  to  occupy  in  this 
country  the  same  position  as  its  sister  branches  of  culture. 

With  respect  to  our  own  branch  of  science.  Chemistry,  it  may 
be  especially  said  that  it  is  not  generally  recognised  that  the  so- 
called  "practical"  achievements  are  few  and  far  between;  that 
they  do  not  spring  already  perfected  from  the  fertile  brain  of 
some  "  inventor,"  but  are  always  led  up  to  by  numerous  discoveries 
which,  according  to  the  national  standard  of  valuation,  would  be 
considered  worthless.  The  jubilee  celebration  of  last  summer  is 
particularly  instructive  from  this  point  of  view.     I  do  not  think 
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that  it  was  at  all  realised  by  the  public  that  the  rejoicing  on 
that  occasion  was  over  something  more  than  the  discovery  of 
mauve  and  the  foundation  of  a  new  industry.  Those  representa- 
tives of  our  science  who  were  present  could  have  told  the  nation 
that  the  founder  of  that  industry  had  half  a  century  ago  vindi- 
cated the  claims  of  pure  scientific  I'esearch  to  take  rank  as  a  real 
power  spelling  prosperity  in  the  hands  of  those  who  have  learnt 
the  lesson  of  how  to  use  it.  They  could  have  told  the  public  also 
that  whilo  the  accidental  discovery  of  mauve  in  the  course  of  a 
scientific  attempt  to  synthesise  quinine  was  not  in  itself  a  very 
remarkable  achievement,  that  chance  observation  happened  to  be 
made  by  a  young  man  who  was  prompted  to  try  the  experiment  by 
legitimate  deduction,  and  who  was  so  imbued  with  the  spirit  of 
research  that  he  followed  up  the  hint  thus  given  with  true  scien- 
tific method  and  developed  a  laboratory  preparation  into  a  factory 
product  involving  the  use  of  raw  materials  which  had  never  before 
been  made  on  the  large  scale,  and  which  had  been  discovered  by 
previous  generations  of  chemists  who  could  never  have  dreamt  that 
their  results  would  be  raised  to  the  importance  of  being  of 
"  practical"  use.  So,  also,  it  covild  have  been  pointed  out  that 
while  Perkin  himself  never  manufactured  more  than  some  half  a 
dozen  colouring-matters  during  his  connexion  with  the  industry, 
the  total  number  now  on  the  market  being  about  1,000,  he  had 
synthesised  scores  of  compounds,  and  had  made  other  discoveries 
of  no  commercial  value  whatever  but  which  are  of  no  less  im- 
portance, in  fact,  are  really  of  greater  scientific  importance,  than 
the  half-dozen  dyestuffs  made  at  Greenford  between  1856  and  1873, 
and  which  would  lose  none  of  their  interest  for  us  had  mauve 
never  been  discovered  and  the  coal-tar  colour  industry  never  called 
into  existence.  It  may  be  said  in  brief  that  it  was  the  principle 
of  research  that  was  being  honoured  in  the  person  of  one  of 
the  great  pioneers  in  the  application  of  chemical  science  to 
chemical  industry,  and  that  the  gratitude  expressed  by  the  nations 
was  not  alone  for  the  material  benefits  arising  from  the  industry, 
but  equally  for  the  enormous  impetus  which  the  new  branch  of 
manufacture  gave  to  the  development  of  pure  chemistry,  this 
being  a  chapter  in  the  history  of  our  science  now,  of  course, 
familiar  to  all  students  of  that  history,  but  which  certainly  re- 
mained unread  by  the  outer  world  at  the  time  of  the  gathering 
here  last  July. 

Although  giving  special  prominence  to  the  scientific  aspect  of 
the  work  of  our  distinguished  colleague,  I  am  most  anxious  to 
avoid  the  imputation  that  I  am  depreciating  the  industrial  side 
of  his  particular  achievements    or    the    application    of    chemical 
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science  to  industry  in  general.  My  contention  is  for  the  principle 
that  scientific  research,  like  every  other  branch  of  human  culture, 
is  worthy  of  national  homage,  whether  it  leads  to  immediately 
"  practical  "  results  or  not — that  its  position  in  the  scale  of  civilis- 
ing agencies  is  not  dependent  upon  such  occasional  stimulants  as 
the  jubilee  of  the  foundation  of  a  new  industry  or  the  announce- 
ment of  a  sensational  discovery  which  furnishes  materials  for  news- 
paper paragraphs.  It  would,  I  think,  be  generally  admitted  that 
any  country  which  limited  its  appreciation  of  research  to  such 
branches  of  science  as  were  likely  to  lead  to  industrial  develop- 
ments was  on  a  low  level  in  the  scale  of  civilisation.  It  happens — 
perhaps  I  may  add  fortunately  for  us — that  our  particular  science 
has  its  utilitarian  side,  but  that  is,  so  to  say,  a  happy  accident 
which  has  in  many  ways  promoted  our  cause.  I  may  remind  you 
that  in  our  Charter  a  kind  of  utilitarian  excuse  had  to  be  found 
for  granting  the  privilege  of  incorporation  to  the  original  body  of 
members,  that  excuse  being  that  Chemical  Science  is  "  intimately 
connected  with  the  prosperity  of  the  manufactures  of  the  United 
Kingdom,  many  of  which  mainly  depend  on  the  application  of 
chemical  principles  and  discoveries  for  their  beneficial  develop- 
ment," and  that  the  Chemical  Society  had  further  for  its  object 
"  a  more  extended  and  economical  application  of  the  industrial 
resources  and  sanitary  condition  of  the  community."'  But,  as  you 
all  know,  the  enormous  development  of  our  subject  has  necessi- 
tated the  formation  of  other  societies  dealing  with  the  industrial 
and  professional  sides  of  chemistry,  and  although  we  have  now 
limited  our  work  to  the  primary  object,  "  the  general  advancement 
of  Chemical  Science,"  the  Fellows  of  this  parent  Society  are  none 
the  less  cognisant  and  appreciative  of  the  activity  and  efficiency  of 
those  other  organisations  to  which  we  have  given  rise  in  the  course 
of  our  history. 

In  maintaining  the  principle  that  scientific  research  has  been, 
is  being,  and  can  always  be  carried  on  independently  of  its  prac- 
tical applications,  I  have  no  desire  to  give  countenance  to  the 
view,  somewhat  prevalent,  I  fear,  in  this  country,  that  there  is 
some  kind  of  antagonism  between  pure  and  applied  science;  that 
the  scientifically  trained  chemist,  for  example,  and  the  "  practical " 
man,  instead  of  being  allies,  as  they  should  be,  are  in  opposition. 
The  days  when  such  notions  were  held  are,  happily,  passing  away; 
if  but  slowly  in  this  country  much  more  rapidly  abroad.  My  plea 
simply  amounts  to  a  claim  for  the  readjustment  of  the  positions 
of  pure  and  applied  science  in  the  public  estimation.  The  course 
of  industrial  development  in  the  future  is  bound  to  become  more 
and  more  interwoven  with  the  development  of  pm-e  science,  and 
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the  perpetuation  of  eiToneous  ideas  on  this  point  cannot  but  act 
injuriously  on  both  causes.  In  our  own  domain  it  is  absurd  to 
suppose  that  there  is  any  antagonism  between  the  two  aspects 
of  chemistry.  Far  from  this  being  the  case,  it  may  safely  be 
asserted  from  the  experience  furnished  by  the  coal-tar  industry 
that  the  rate  of  progress  is  actually  measurable  by  the  degree  of 
substitution  of  pure  science  for  empiricism.  Those  manufacturers 
who  fail  to  recognise  this  principle  do  so  at  their  own  peril;  those 
who  have  realised  its  truth  cannot  but  admit  that  the  more  en- 
lightened views  respecting  the  function  of  science  in  the  factory 
have  been  largely  due  to  the  influence  of  Perkin's  work  and 
example  half  a  century  ago. 

Chemical  Research  in  Educational  and  Manufacturing 

Centres. 

Having  thus  attempted  to  give  expression  to  the  views  of 
chemists  concerning  the  position  of  research,  I  will,  in  the  next 
place,  venture  to  submit  the  question  whether  the  output  of  work, 
to  which  attention  was  called  in  the  early  part  of  this  address,  is 
really  rejjresentative  of  the  productive  capacity  of  the  nation, 
and,  if  not,  whether  there  are  retarding  or  deterrent  causes  in 
operation  tending  to  check  the  progress  of  chemical  research  in 
this  country.  In  dealing  with  this  part  of  the  subject,  a  few  pre- 
liminary considerations  must  be  made  clear.  In  the  first  place, 
although  we  comprise  within  our  ranks  practically  all  the  active 
workers,  we  cannot  lay  claim  to  be  the  only  publishers  of  original 
chemical  research  in  Gx'cat  Britain.  Some  distinguished  authors, 
as  we  know,  have  contributed  their  papers  to  the  Royal  Society, 
the  Royal  Society  of  Edinburgh,  the  Royal  Irish  Academy,  the 
Cambridge  Philosophical  Society,  the  Manchester  Literary  and 
Philosophical  Society,  and  other  publishing  bodies,  or  have  pub- 
lished directly  through  some  scientific  magazine  or  journal.  Our 
workers  occasionally  also  send  their  results  to  the  German 
Chemical  Society  for  publication  in  the  Berichte  or  to  the  French 
Academy  for  publication  in  the  Comptes  rendu^.  I  have  taken 
the  trouble  to  look  into  the  question  of  the  publication  of  chemical 
papers  by  British  chemists  through  channels  other  than  our 
Transactions  and  Proceedings,  and  have  come  to  the  conclusion 
that  such  an  overwhelmingly  large  proportion  of  the  work  done 
is  conununicated  to  our  Society  that  we  may  justly  claim  that  our 
publications  are  fairly  representative  of  the  total  activity  of  the 
country  in  the  way  of  research.  I  will  remind  you  further  that 
such  papers  as  do  appear  in  our  pages  have,  as  it  were,  received 
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the  stamp  of  oi'iginality  or  fitness  for  insertion  in  our  journal  by 
being  filtered  through  the  Publication  Committee,  and  I  think  we 
may  legitimately  claim  also  that  the  standard  of  quality  thus  in- 
sured has,  on  the  whole,  been  maintained  at  a  high  level.  In  the 
next  place  I  would  urge  that,  as  we  have  in  the  past  fulfilled  and  are 
now  carrying  out  that  primary  object  for  which  the  Society  was 
founded,  it  is  our  solemn  duty  to  look  upon  ourselves  as  the  cus- 
todians of  chemical  research  in  this  country,  and  that  we  are 
bound,  at  least  morally,  if  not  by  virtue  of  any  executive  powei's, 
to  safeguard  and  look  after  the  interests  of  research  whenever  and 
wherever  it  may  be  carried  on,  and  to  take  cognisance  of  any  de- 
terrent causes  that  tend  to  hamper  its  progress.  In  giving  publicity 
to  the  opinion  that  there  are  many  such  antagonistic  influences 
in  operation  here,  I  am  not  in  the  smallest  degree  attempting 
to  minimise  the  value  of  the  work  which  is  being  done.  On  the 
contrary,  when  we  consider  what  has  been  and  is  being  accomplished 
in  the  face  of  serious  obstacles,  and  often  at  the  cost  of  great 
personal  sacrifice,  the  value  of  the  achievements  becomes  enor- 
mously enhanced  and  the  steiiing  quality  of  our  workers  is  brought 
more  vividly  into  prominence.  The  question  actually  before  tis 
is  whether  we  are  getting  as  much  in  the  way  of  original  investiga- 
tion as  might  fairly  be  ex^oected  in  view  of  the  potential  research 
talent  known  to  exist  in  our  ranks.  If,  as  I  maintain,  this  is  far 
from  being  the  case,  it  may  be  at  least  useful,  even  if  no  definite 
remedial  measure  can  be  enforced,  to  examine  into  and  make 
known  publicly  the  causes  leading  to  this  suppression  of  talent. 
It  is  confessedly  a  very  large  subject  to  deal  with  adequately  in 
the  coui-se  of  an  address,  and  the  task  is  by  no  means  lightened 
by  the  reflection  that  however  strong  a  case  can  be  made  ovit  in 
suppoi't  of  the  conclusions  at  which  we  may  arrive,  we  have  no 
power  in  our  corporate  capacity  to  insure  compulsory  action  for 
the  amelioration  of  the  present  state  of  affairs.  We  are  not  in 
the  position  of  a  church  militant,  declaring  a  ci-usade  against 
scientific  unbelievers,  neither  can  we  exert  the  influence  of  a 
trades  union  and  pi-oclaim  a  strike  among  our  workers.  All  that 
we  can  do  is  to  direct  attention  to  the  I'etarding  influences  in  the 
hope  that  a  public  expression  of  chemical  opinion  may  lead  to 
some  improvement  in  the  existing  conditions. 

In  dealing  with  the  qviestion  under  consideration,  the  first  point 
to  which  attention  must  be  directed  is  the  character  of  the  insti- 
tutions in  which  research  is  being  or  might  be  expected  to  be 
carried  on.  We  may  begin  with  such  establishments  as  those 
which  have  been  built  and  endowed,  and  are  being  maintained  for 
the  specific  purpose  of  enabling  research   to  be  conducted   under 
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favourable  conditions,  like  the  Royal  Institution  and  the  Davy- 
Faraday  Laboratory,  founded  by  Dr.  Ludwig  Mond.  Then,  also, 
there  are  certain  public  establishments  like  the  Royal  College  of 
Science,  the  Central  Technical  College,  maintained  by  the  City 
and  Guilds  of  London  Institute,  University  College,  London,  the 
Government  Laboratory,  the  Imperial  Institute,  the  Pharmaceu- 
tical Society,  and  the  Research  Department  at  Woolwich,  which, 
although  not  primarily  founded  for  the  prosecution  of  abstract 
research  only,  have  helped  to  enrich  our  science  by  the  publica- 
tion of  results  obtained  in  their  laboratories.  To  these  may  be 
added  certain  semi-private  establishments,  founded  in  connexion 
with  particular  industi-ies,  such  as  the  Lawes  Agricultural  Station, 
to  which  the  Goldsmiths'  Company  has  recently  made  the  muni- 
ficent grant  of  £10,000,  the  Wellcome  Research  Laboratories,  and 
the  Guinness  Research  Laboratory.  The  Lister  Institute  also  must 
be  regarded  as  a  contributing  laboi'atory.  To  all  these  centres  of 
research  our  science  is  indebted  for  many  notable  advances,  and 
beyond  expressing  our  gratitude  to  the  founders,  supporters,  and 
workers  in  the  various  laboratories,  I  have  nothing  to  do  with 
these  institvitions  excejDting  perhaps  to  point  out  that  many  of 
them  are  most  inadequately  endowed  and  supported,  in  view  of 
the  national  importance  of  the  work  which  they  enable  our  active 
chemists  to  carry  out. 

After  giving  to  these  institutions  and  establishments  all  the 
credit  to  which  they  ai'e  justly  entitled,  there  remain  two  other 
groups  of  centres  in  which  research  might  be  expected  to  flourish. 
I  refer  to  educational  establishments  and  to  factories.  With  re- 
spect to  the  latter,  it  may  be  said  that  any  research  which  is  con- 
ducted in  their  laboratories  is  for  trade  purposes,  and  that  they 
could  not  reasonably  be  expected  to  give  publicity  to  the  results. 
This  is  a  j^erfectly  fair  contention  as  far  as  it  goes,  and  the  con- 
sideration of  factories  as  centres  of  research  might  very  well  have 
been  regarded  as  beyond  the  province  of  this  Society.  I  should 
not  have  ventured  to  touch  upon  this  point  here  were  it  not  that 
it  is  in  reality  most  intimately  bound  up  with  the  other  aspect  of 
the  subject  under  consideration,  viz.,  the  part  played  by  educa- 
tionaj.  establishments  in  furtheriu,g  chemical  research  in  this 
country.  This  connexion  will,  I  hope,  be  made  clear  in  the  course 
of  the  subsequent  remarks. 

Turning  to  educational  centres,  we  have  in  the  first  place  the 
Universities,  University  Colleges,  and  Institutions  of  University 
rank.  A  few  of  these,  such,  for  example,  as  the  Victoria  University 
at  Manchester,  where  a  recognised  school  of  chemistry  has  been 
created,  and  Cambridge,  whence  contributions  of  importance  reach 
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US  from  time  to  time,  are  doing  good  service  in  the  cause  of  chemical 
research,  as  witnessed  "by  the  pages  of  our  publications.  From 
other  University  laboratories,  also,  we  receive  occasional  communi- 
cations, these  being  for  the  most  part  the  work  of  the  professors.  But 
with  the  exception  of  Manchester,  it  cannot  be  said  that  in  any 
of  our  Universities  has  there  been  called  into  existence  an  active 
centre  of  chemical  research — a  "  school "  in  the  Continental  sense 
of  the  term.  I  do  not  projDose  dealing  in  detail  on  this  occasion 
with  the  very  large  question  of  the  position  of  research  in  our 
Universities,  but  putting  the  case  broadly,  we  should,  I  think,  all 
agree  that  after  making  allowance  for  the  few  noteworthy  excep- 
tions, the  actual  contributions  to  our  science  from  these  centres 
are  far  below  the  standard,  both  of  quality  and  quantity,  which 
might  be  expected  and  which  we  should  all  like  to  see  attained. 
If  any  doubt  on  this  point  should  exist,  it  is  only  necessary  to  call 
to  mind  the  productive  activity  in  the  Continental  Universities  as 
compared  with  our  own.  Judged  by  this  standard,  there  can  be 
only  one  conclusion — that  many  of  our  Universities  are  distinct 
failures  as  centres  of  chemical  research,  and  that  the  total  output 
of  work  from  University  laboratories  is  by  no  means  worthy  of 
the  great  traditions  of  this  country  as  a  pioneering  nation  in  scien- 
tific discovery.  The  most  discouraging  aspect  of  this  conclusion 
is  that,  in  spite  of  the  enormous  development  of  our  science 
during  the  three-and-twenty  years  that  have  elapsed  since  the  pre- 
sidency of  Sir  William  Perkin,  I  find  myself  making  practically 
the  same  complaint  that  he  made  from  this  chair  in  1884  (Trans., 
45,  219).  If  these  seats  of  the  highest  learning,  called  into 
existence  for  the  dissemination  and  promotion  of  knowledge,  can 
give  such  a  comparatively  poor  account  of  their  achievements  in 
chemistry,  it  is  evident  that  there  must  be  deterrent  causes  at 
work.  It  would  be  going  beyond  my  province  to  attempt  a  de- 
tailed analysis  of  these  causes  here;  they  are  numerous  and  not 
easy  to  deal  with  in  a  limited  time,  but  some  of  them  are  of  the 
same  nature  as  those  affecting  the  position  of  chemical  research 
in  other  educational  centres  which  I  propose  discussing  imme- 
diately. They  may  be  summed  up  under  such  headings  as  ancient 
traditions,  defective  educational  methods,  want  of  sufficient  means 
leading  to  the  frittering  away  of  the  research  faculty  by  the 
drudgery  of  "  coaching,"  the  poor  outlook  for  chemical  research  as 
a  career,  and  the  pedantic  notion  that  a  subject  requiring  for  its 
advancement  something  akin  to  manual  labour  is  derogatory  to 
high  scholarship.  Behind  these  causes  is  the  general  public  ignor- 
ance of  and  apathy  towards  research,  to  which  I  referred  at  th& 
outset,  and  if  I  may  paraphrase  the  utterances  of  recent  authori- 
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ties  in  the  educational  world,  over  them   all   is  the   trail   of  the 
examining  board. 

In  dealing  with  the  next  part  of  the  subject,  the  newer  educa- 
tional institutions,  I  must  crave  indulgence  while  I  invite  atten- 
tion to  a  few  personal  reminiscences,  for  it  so  happens  that  I  am 
in  the  position  of  a  connecting  link  between  the  old  and  the  newer 
state  of  affairs  in  the  educational  world.  Entering  the  Royal 
College  of  Chemistry,  in  Oxford  Street,  as  a  student  in  1866,  I 
found  that  Hofmann  had  just  left  this  country,  and  I  never  had 
the  advantage  of  coming  under  the  direct  influence  of  that  great 
teacher.  But  the  spirit  of  research  which  he  had  called  into 
existence  pervaded  that  institution,  and  we  all  know  that  under 
his  inspiration  a  school  of  brilliant  chemists  was  formed — a  body 
of  men  who  have  left  their  mark  upon  English  chemistry,  both  in 
its  scientific  and  industrial  aspects.  Many  of  Hofmann's  pupils 
are,  happily,  still  with  us,  and  it  would  be  invidious  to  give  a  list 
of  names;  suffice  it  to  say  that  many  of  them  have  occupied  the 
chair  from  which  I  have  the  honour  of  addressing  you. 

At  that  time  the  prospects  of  a  career  for  a  scientifically  trained 
student  were  not  very  promising.  Apart  from  the  various  branches 
of  engineering,  there  was  no  great  demand  for  scientific  men  in  the 
constructive  or  productive  industries.  Electricity  had  not  then 
developed  into  a  branch  of  applied  science,  and,  although  chemistry 
was  the  only  science  that  had  a  direct  bearing  on  manufactures, 
the  number  of  oj^enings  in  factories  or  in  educational  establish- 
ments was  very  limited,  and  the  outlook  for  a  young  chemist  who 
had  to  depend  upon  his  knowledge  of  this  subject  for  his  living 
was  not  very  hopeful.  I  well  remember  that  when  my  own  incli- 
nations towards  chemistry  were  under  consideration,  the  pinnacle 
of  success  was  supposed  to  be  only  attainable  by  becoming  what 
was  known  as  an  "  analytical  chemist,"  a  definition  used  to  dis- 
criminate between  the  scientific  chemist  and  the  pharmacist,  the 
latter,  as  I  may  remind  you,  having  then,  as  now,  the  right  to  the 
designation  "  chemist."  It  is  true  that  the  foundation  of  the  coal- 
tar  colour  industry  by  Perkin  in  1856  had  given  a  great  impetus 
to  chemical  training  as  a  means  of  achieving  industrial  success, 
and  it  is  well  known  that  large  numbers  of  students  were  attracted 
to  chemistry  as  a  career  by  this  discovery.  But  by  1866  the  ex- 
citement caused  by  the  introdixction  of  mauve  and  magenta  and 
their  successors  had  subsided,  and  it  certainly  cannot  be  said  that 
the  throng  of  zealous  students  who  filled  the  laboratories  in  Oxford 
Street  were  altogether  drawn  there  by  prospects  connected  with 
the  discovery  of  new  colouring-matters.  The  influence  at  work  in 
filling  these   laboratories   was,   as   we   have   been   frequently   told, 
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Hofmann's  personality — his  zeal  and  genius  as  an  investigator  and 
his  brilliancy  as  a  teacher.  It  was  his  reputation  as  a  great  ex- 
plorer into  the  regions  of  the  unknown  that  attracted  many,  per- 
haps most  of  us,  into  that  Institution  the  destinies  of  which  he  had 
guided,  and  the  one  great  aim  of  those  who  were  launched  upon 
their  career  under  this  inspiring  influence,  or  under  the  traditional 
influence  that  long  survived  his  departure  from  this  country,  was 
to  find  some  opening  in  life  where  opportunities  would  be  given 
for  following  the  lead  of  the  great  master  by  contributing  some- 
thing towards  the  advancement  of  their  science.  But,  as  I  have 
said,  the  chances  of  finding  suitable  openings  were  few,  and  it  did 
not  fall  to  the  lot  of  many  of  us  to  find  such  opportunities.  Some 
by  stress  of  circumstances  had  to  utilise  their  training  for  bread- 
winning  purposes  as  soon  as  possible  after  leaving  the  College; 
others,  also  imbued  with  the  spirit  of  research,  could  find  no 
career  giving  scope  for  the  development  of  this  faculty,  and  were 
perforce  compelled  to  expend  their  energies  in  other  dii'ections. 

The  state  of  affairs  which  I  have  outlined  above  persisted  for 
many  years,  and  in  fact  the  conditions  have  not  very  much 
changed  for  the  better  down  to  the  present  time.  There  were  but 
few  centres  of  research  activity  in  the  country,  and  the  ajDpoint- 
ments  connected  with  these  were  so  badly  paid  that  other  branches 
of  more  lucrative  work  had  also  to  be  carried  on  in  order  to  make 
research  work  possible.  The  factories  had,  more  or  less,  failed  as 
centres  for  the  scientific  activity  of  trained  research  chemists,  and 
the  private  institutions  or  educational  establishments  offered  oppor- 
tunities for  but  a  very  small  fraction  of  the  would-be  chemical 
investigators.  It  is  not  surprising  that  in  such  a  chilly  atmosphere 
the  spirit  of  research  did  not  flourish  very  vigorously.  A  few 
zealous  workers  kept  the  torch  alight,  often  at  great  personal  sacri- 
fice, and  it  is  of  interest  to  note  in  passing  that  one  set  of  institu- 
tions from  which  much  original  work  formerly  proceeded,  namely, 
the  laboratories  attached  to  some  of  the  hospitals,  have  gradually 
declined  as  research  centres.  In  view  of  this  state  of  affaix'S  with 
respect  to  the  general  position  of  research  and  the  limited  outlet 
for  the  exercise  of  this  faculty,  it  will  be  readily  understood  that  the 
new  departure  in  modern  education,  which  is  known  as  the  technical 
education  movement,  was  hailed  with  most  sanguine  expectations 
by  all  who  had  at  heart  the  scientific  prestige  of  this  country. 
The  first  step  taken  towards  the  serious  development  of  this  phase 
of  education  is  due  to  our  City  and  Guilds  of  Loudon  Institute, 
under  which  endowment  evening  classes  were  started  in  the  Cowper 
Street  Schools  in  1879,  and  later  a  day  department,  which  became 
an  established  part  of  the  scheme  on  the  opening  of  the  Finsbury 
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Technical  College  in  1883.  The  Central  Technical  College  was 
oiDened  in  1885.  It  is  not  for  me  to  touch  upon  the  work  of  our 
own  Institute;  the  President  of  this  Society  is,  ex-officio,  a  member 
of  its  Council  and  Executive  Committee.  I  only  refer  to  the  fore- 
going dates  because  of  the  bearing  of  the  work  of  the  Institute  on 
the  later  development  of  technical  education.  The  Acts  of  Par- 
liament of  1889  and  1890  placed,  as  you  know,  large  sums  of  money 
at  the  disposal  of  counties  and  county  boroughs  for  the  purpose  of 
furthering  technical  education,  and  there  can,  I  think,  be  no 
doubt  that  the  successful  pioneering  work  of  the  City  and  Guilds 
of  London  Institute  had  to  a  very  great  extent  prepared  the  way 
and  created  an  atmosphere  of  public  opinion  favourable  for  the 
development  of  the  new  movement.  Out  of  that  movement  there 
has  sprung  into  existence  a  number  of  institutions  classed  here  as 
belonging  to  the  "  Polytechnic  "  type,  of  which  there  are  no  less 
than  twenty-three  in  and  around  London  and  about  110  in  the 
jirovinces. 

In  stating  that  this  new  dejDarture  was  at  first  regarded  as  a 
hopeful  sign  of  the  times,  it  is  not  difficult  to  put  ourselves  in  the 
jDosition  of  those  chemists  who  were  w'atching  the  course  of  events 
some  twenty  years  ago.  It  was  known  that  in  ability  our  workers 
were  not  inferior  to  those  of  other  countries ;  it  was  known  that  the 
research  spirit  was  dormant  here,  but  that  owing  to  defective  and 
obsolete  methods  of  education  and  other  causes  this  available  source 
of  national  prestige  and  prosperity  was  being  vei-y  largely  squan- 
dered away.  Here  were  new  institutions  coming  into  existence 
for  the  avowed  purpose  of  improving  the  industries  of  this 
country;  they  were  unfettered  by  ancient  traditions,  and  ahead  of 
them  was  the  spirit  of  modern  pi*ogress  encouraging  development 
along  the  right  lines.  Surely  it  was  not  unreasonable  to  expect, 
and  it  was  confidently  anticipated  by  most  of  us,  that  in  these 
laboratories  there  would  be  formed  new  centres  of  research — that 
the  outlook  for  the  scientifically-trained  chemist  would  be  dis- 
tinctly improved.  I  know,  as  a  matter  of  fact,  that  at  the  outset 
of  the  new  movement  numbers  of  young  men  of  high  ability  and 
full  of  zeal  were  attracted  towards  these  institutions  by  the  prospect 
of  finding  themselves  in  a  favourable  environment  for  extending 
the  boundaries  of  their  science.  This  movement  had  confessedly 
for  its  primary  motive  the  improvement  of  the  technical  skill  and 
knowledge  of  scientific  princijiles  of  the  artisan  classes,  but  this 
most  praiseworthy  object  did  not  appear  to  be,  nor  is  it  neces- 
sax'ily  incompatible  with,  the  prosecution  of  research.  So  far  as  we 
are  concerned,  I  do  not  imagine  that  many  dissentient  voices  will 
be    raised    when    I    state    that    if   it    was    contemplated    that    the 
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chemical  industries  would  be  improved  in  the  same  way  that  other 
industries  would  be  advanced  the  movement  began  at  the  wrong 
end.  In  our  particular  subject  it  is,  I  think,  generally  recognised 
that  the  main  hope  of  advancement  is  from  above  and  not  from 
below — ^that  it  is  with  the  leaders  and  not  with  the  rank  and  file 
that  rests  the  prosperity  of  this  country  in  the  way  of  chemical 
manufactures. 

If  we  now  ask  whether  the  modern  educational  development  has 
fulfilled  our  expectations  with  respect  to  the  advancement  of 
chemical  science,  I  for  one  must  confess  to  a  feeling  of  profound 
disappointment.  There  may  be  better  times  ahead  when  that  era 
of  public  enlightenment  dawns,  but  at  present,  with  a  few  notable 
exceptions,  these  twenty-three  London  polytechnics  are,  on  the 
whole,  so  little  productive  that  we  may  discount  them  as  active 
centres  of  research.  It  must  be  remembered,  moreover,  that  this 
class  of  institution  has  spread  all  over  the  country,  and  that  the 
total  expenditure  in  the  way  of  money  and  teaching  energy  is  so 
great  in  comparison  with  the  output  of  original  work  that  chemists 
have  every  right  to  ask  why  this  state  of  affairs  should  exist.  I 
may  remind  you  that  only  a  few  years  ago,  when  the  University 
of  London  was  being  organised,  the  late  Sir  Michael  Foster  pub- 
lished an  article  on  the  polytechnics,  the  main  gist  of  which  was 
to  urge  upon  these  institutions  the  necessity  of  developing  re- 
search; if  any  justification  for  my  own  note  of  disappointment  is 
necessary,  it  is  to  be  foitnd  in  the  circumstance  that  such  an  appeal 
should  have  been  necessary  at  all. 

Turning  now  to  the  consideration  of  the  causes  of  this  failure 
on  the  part  of  the  new  educational  establishments,  I  must,  in  the  first 
place,  guard  myself  against  the  imputation  that  I  am  disparaging 
their  work.  The  most  acute  form  of  disappointment  is  that  which 
is  experienced  when  we  find  weakness  where  we  had  looked  for 
strength,  and  in  emphasising  their  weakness  from  our  standpoint  I 
am  not  shutting  my  eyes  to  their  usefulness  in  other  directions.  It 
is  not  a  depreciation  of  the  work  which  they  are  doing  if  we  de- 
plore their  failure  in  another  branch  of  work  which  they  might  be 
doing.  From  what  I  know  of  these  institutions,  and  from  informa- 
tion furnished  by  very  good  authorities,  I  am  satisfied  that  in 
some  directions,  and  more  especially  in  connexion  with  engineering 
and  trade  subjects  and  handicrafts — in  all  of  which  the  artisan 
is  an  important  element — they  are  doing  a  certain  amount  of  good 
to  the  various  industries  concerned.  But  the  danger  for  us  is  the 
general  tendency  in  this  country  to  ram  the  whole  scheme  of  educa- 
tion into  one  mould,  utterly  regardless  of  the  fact  that  the  re- 
quirements of,  let  us  say,  an  engineer  are  quite  different  from  those 
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of  a  chemist.  It  is  for  this  among  other  reasons  that  our  subject 
has  suffered  both  in  its  scientific  and  industrial  aspects,  because  the 
time  and  energy  of  the  teachers  of  chemistry  in  these  institutions 
are  so  lai'gely  frittered  away  in  what  might  be  called  inconsequen- 
tial labour  on  behalf  of  a  class  of  student  quite  unprepared  by 
previous  training  for  assimilating  the  principles  of  our  science 
and  for  the  most  part  unable  to  give  sufficient  time  to  the  subject 
to  acquire  any  real  working  knowledge  of  it. 

It  must  be  remembered  also  that  most  of  the  work  of  these  insti- 
tutions is  carried  on  in  the  form  of  evening  classes;  in  some  few  of 
them  day  classes  are  also  conducted,  the  day  and  night  classes 
being  taixght  by  tlie  same  staff.  It  is  no  matter  for  wonderment 
that  with  such  burdens  imposed  upon  the  teaching  staffs  the  new 
departure  iu  technical  education  has  failed  to  create  centres  of 
chemical  research.  The  failure  is  not  due  to  the  want  of  ability 
on  the  part  of  the  teachers;  there  are,  as  we  know,  many  men  of 
proved  competency  on  their  staffs,  and  many  more  would  be 
attracted  were  the  conditions  made  more  favourable.  The  defect 
is  in  the  constitution  of  the  governing  bodies,  which  bodies  largely 
reflect  the  popular  attitude  towards  research  and  on  which  our 
subject  is,  for  the  most  part,  altogether  unrepresented  or  else 
swamped  by  the  predominating  influence  of  those  with  whom  the 
handicraft  view  of  education  is  paramount. 

There  is  another  factor  to  be  added  to  those  which  are  acting 
detrimentally  towards  the  cause  of  research  in  these  institutions, 
and  that  is  the  want  of  sufficient  endowment.  I  am  afraid  that  it 
is  characteristic  of  our  countrymen  to  neglect  the  most  important 
interests  until  they  are  forcibly  awakened  to  their  danger  and 
then  to  try  and  make  up  for  past  neglect  by  rushing  precipitately 
into  the  first  plausible  scheme  that  is  presented.  There  is  no 
doubt  that  the  new  educational  development  suffered  much  at  the 
outset  from  this  characteristic  mode  of  pi'ocedure.  The  wrong  kind 
of  person  was  often  allowed  to  frame  the  educational  policy;  the 
financial  strength  was  exhausted  in  buildings  and  equipment,  and 
the  efficiency  of  the  staff  given  only  secondary  consideration.  We, 
of  course,  know  that  success  in  such  educational  work  depends  en- 
tirely upon  the  individual  teacher — that  the  best  mode  of  creating 
a  school  of  chemistry,  or  any  other  subject,  is  to  follow  the  advice 
of  the  late  Sir  AVilliam  Flower  with  regard  to  the  establishment  of 
a  museum:  "First  find  a  curator  and  let  him  build  his  museum 
around  him."  Had  this  principle  been  more  generally  adopted 
the  new  institutions  might  by  this  time  have  been  playing  a  really 
important  part  in  the  development  of  chemical  science  and  chemical 
industry.     As  matters  are,  inadequate  provision  for  maintenance 
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having  been  made,  the  general  standard  of  educational  work  is 
lowered  in  order  that  the  grant-earning  requirements  of  some 
examining  board  may  be  met,  and  as  a  result  the  establishments 
have  to  be  run  as  purely  business  concerns.  This  influence  makes 
itself  felt  in  many  ways  detrimental  to  our  cause.  In  the  fii'st 
place,  there  is  introduced  that  most  baneful  system  of  teaching  the 
subjects  in  "  classes  "  so  that  a  syllabus  qualifying  for  some  par- 
ticular examination  may  be  gone  through  in  a  certain  time.  It  is 
quite  unnecessary  to  point  out  here  that  individual  originality  or 
the  spirit  of  research  can  never  exist  in  such  an  atmosphere.  And 
the  most  serious  asjoect  of  the  case  is  that,  not  only  is  a  subject 
taught  in  this  way  never  really  assimilated  so  as  to  become  a  living 
principle  with  the  student,  but,  what  is  far  worse,  the  teacher  him- 
self, however  original  and  zealous  at  the  outset,  is  bound,  after 
running  in  this  groove,  sooner  or  later  to  undergo  deterioration. 
That  is  one  of  the  reasons  why  the  polytechnic  movement  has  pro- 
duced such  a  very  small  effect  upon  chemical  industry,  and  has 
been  to  all  intents  and  purposes  a  failure  so  far  as  concerns  the 
advancement  of  our  science. 

There  are  other  minor  evils  acting  as  retarding  influences  with 
respect  to  our  subject  and  arising  from  the  same  cause,  namely,  the 
necessity  of  conducting  these  newer  institutions,  more  or  less,  as 
commei'cial  establishments.  The  prevalence  of  the  ""business" 
spirit  among  the  committees  and  governing  bodies  gives  an  exag- 
gerated importance  to  what  may  be  called  the  ofiice  staff — the 
registi*ars  and  clerks.  The  work  of  the  office  staff  is  capable  of 
being  appreciated  by  the  average  committeeman,  while  the  work 
of  the  scientific  sta.ff  is  generally  beyond  his  comprehension,  except- 
ing so  far  as  it  can  be  measured  by  financial  gain  to  the  institution. 
The  principals  of  these  institutions  are,  it  is  true,  always  men  of 
scentific  training,  and,  by  the  way,  generally  engineers  or  physicists ; 
with  the  one  exception  of  the  Sir  John  Cass  Technical  Institute 
there  is  no  chemist  at  the  head  of  any  of  the  London  polytechnics. 
But  the  principals,  however  enlightened  may  be  their  individual 
views,  are  still  answerable  ultimately  to  their  governing  bodies,  and 
that  is  equivalent  to  the  statement  that  they  are  more  or  less  sub- 
servient to  the  business  interests  of  the  institutions.  Now,  I  am  not 
decrying  the  business  faculty  as  such ;  it  is  an  essential  qualification 
for  the  proper  government  of  any  educational  establishment,  and  I 
am  afraid  that  many  of  our  scientific  workers  and  teachers  are  very 
much  lacking  in  that  faculty.  But  that  is  no  reason  why  the 
teaching  staff  should  be,  as  is  frequently  the  case,  subordinated  to 
the  office  staff.  It  is  not  sufficiently  realised  that  men  of  business 
and  administrative  ability   are  by  no   means   rarities   while   really 
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good  teachers  of  science  are  much  scarcer,  and  men  who  combine 
both  the  qualifications  of  a  good  teacher  with  the  inspiring  zeal 
of  an  original  investigator  are  rarest  of  all.  Now  if,  as  was  pro- 
fessedly the  case,  the  modern  departure  in  technical  education  had 
for  its  object  the  improvement  of  the  industries,  then  it  is  suffi- 
ciently well  known  to  us  here  that  the  future  of  our  subject  is  with 
the  men  of  the  latter  class,  and  the  joint  exertions  of  all  the  regis- 
trars and  clerks,  backed  by  the  efforts  of  the  most  skilful  chemical 
pedagogues  who  get  through  their  syllabus  within  the  session  and 
earn  the  largest  grants  or  score  the  highest  percentage  of  successful 
"  passes,"  will  never  raise  the  level  of  this  country  either  in 
chemical  science  or  chemical  industry. 

There  is  another  practice  which  must  be  considered  as  injurious 
to  our  cause  and  which  is  familiar  to  all  who  have  watched  the  pro- 
gress of  the  technical  education  movement  of  late  years,  this  also 
being  the  obvious  result  of  insufficient  endowment.  I  refer  to  that 
statistical  standard  by  which  the  success  of  these  institutions  is 
chiefly  if  not  absolutely  judged.  There  is  a  tendency  to  measure 
the  capabilities  of  the  teachers  by  the  number  of  students  attend- 
ing their  courses,  a- criterion  which,  from  our  point  of  view,  is  both 
fallacious  and  mischievous.  The  fact  that  certain  industries,  and 
especially  those  connected  with  electrical  engineering,  have  so 
largely  fed  the  classes  of  the  newer  institutions  cannot  be  inter- 
preted as  indicating  that  the  teachers  of  these  subjects  are  better 
qualified  than  the  teachers  of  chemical  subjects.  The  skilled 
artisans  who  derive  benefit  from  theoretical  instruction  in  subjects 
with  which  their  everyday  occupations  make  them  practically 
familiar,  are  very  much  more  numerous  than  the  corresponding 
class  engaged  in  chemical  occupations.  Perhaps  it  would  be 
nearer  the  truth  to  say  that  in  the  latter  there  is  no  class  of 
students  exactly  comparable  with  those  representing  engineering 
occupations  in  the  polytechnics.  At  any  rate,  no  comparison  of 
relative  merits  of  teachers,  or  of  importance  of  subjects  based  on 
purely  nvimerical  statements,  is  of  real  value,  and  where  such  a 
standard  is  insisted  upon  the  effect  is  obvious — the  teacher  is 
forced  to  compete  with  subjects  which  are  really  not  comparable 
and  so  aims  at  numbers;  he  fills  his  classes  with  students  whose 
numbers  are  accounted  for  not  by  zeal  for  becoming  proficient  as 
chemists,  but  by  the  promise  which  the  subject  offers  as  a  means 
of  scoring  examinational  success.  Here  again  is  there  degradation 
of  teacher  and  of  subject,  and  the  spirit  of  research  is  naturally 
stamped  out  under  the  treatment.  As  a  matter  of  pure  political 
economy,  if  it  is  desired  to  benefit  the  chemical  industries  of  this 
country  through  the  polytechnics,  it  would  be  better  to   make  a 


CHEMICAL   RESEARCH    IN    GREAT   BRITAIN.  G45 

selection  from  the  chemical  staffs  of  these  institutions,  to  relieve 
these  men  from  all  teaching,  and  to  subsidise  them  to  the  same 
extent  for  carrying  on  original  work.  I  venture  to  think  that  both 
science  and  industry  would  gain  by  the  change. 

It  is  sometimes  stated  that  it  was  never  contemplated  that  re- 
search should  be  carried  on  in  these  institutions — that  this  was 
the  duty  of  the  higher  edvicational  establishments.  So  it  is  the 
duty  of  the  higher  educational  establishments,  but  the  very  fact 
that  these  are  enabled  to  discharge  their  duty  in  a  most  imperfect 
way  should  have  stimulated  the  newer  institutions  to  make  every 
effort  to  redeem  our  credit  by  making  adequate  provision  for  re- 
search. I  will  not  venture  to  intrude  my  opinions  concerning  the 
vitalising  influence  of  research  upon  other  scientific  subjects,  but 
with  regard  to  our  own  I  have  not  the  least  hesitation  in  declaring 
the  belief  that  a  school  of  chemisti'y  which  is  not  also  a  centre  of 
research  is  bound  to  degenerate  and  to  become  a  mere  cramming 
establishment  not  worth  the  cost  of  the  maintenance.  It  is  easy 
enough  to  follow  the  actual  course  of  the  degeneration  process  in 
such  an  institution.  The  teacher,  who  may  be  a  man  of  real 
ability  and  who  has  entered  with  the  hope  of  finding  time  and 
opportunities  for  research,  finds  himself,  sooner  or  later,  in  the 
position  of  a  chemical  schoolmaster.  The  predominance  of  the 
business  influence  in  the  institution  not  only  leads,  as  I  have 
already  indicated,  to  the  lowering  of  the  level  of  the  instruction 
and  to  his  own  consequent  degenei'ation,  but  he  is,  as  a  further 
consequence,  so  overweighted  with  business  and  administrative 
work  that  these,  superadded  to  his  teaching  duties,  leave  him 
neither  time  nor  energy  for  original  work.  The  spirit  of  research 
within  him  is  strangled  by  officialism  and  his  teaching  faculties 
deadened  by  the  monotonous  toil  of  the  annually  recurring 
drudgery  of  routine  teaching.  He  has  not  even  time  to  educate 
himself  by  keeping  in  touch  with  the  progress  of  his  subject,  and 
one  of  two  things  must  happen ;  if  he  remains  at  his  work  his 
research  faculty  is  lost  to  the  country  and  his  teaching  becomes 
less  and  less  efficient  as  he  falls  more  and  more  behind  the  actual 
state  of  knowledge — he  undergoes  submergence.  Or,  as  the  other 
alternative,  he  abandons  the  career  at  the  first  opportunity  and  is 
replaced  by  another  teacher  who  undergoes  the  same  process  of 
submergence,  or,  what  is  more  generally  the  case,  the  good  teacher 
is  replaced  by  an  inferior  one  because  the  reputation  of  the  institu- 
tion as  a  centre  of  research  is  not  such  as  to  attract  the  highest 
class  of  teacher. 

The  scale  of  remuneration  also  does  not  enable  these  institutions 
to  command  the  services  of  the  best  teachers,  although  I  do  not 
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think  that  this  is  the  chief  deterrent  cause,  as  there  are  numbers 
of  young  chemists  of  first-rate  training  and  ability  who  would 
be  quite  willing  to  devote  their  time  at  the  outset  of  their  career 
to  acquiring  teaching  experience  in  these  establishments,  even  at 
some  personal  sacrifice,  if  facilities  for  research  were  given.  In 
the  present  state  of  affairs  one  can  only  marvel  at  the  fact  that 
so  many  men  of  ability  can  be  found  willing  to  take  service  in 
these  newer  institutions,  the  more  especially  as,  apart  from  the 
absurdly  inadequate  remuneration  often  given  to  the  chiefs  of  the 
chemical  departments,  the  jiayment  of  the  subordinate  members  of 
the  staff  is  generally  on  a  scale  which  is  nothing  short  of  a  scandal 
to  the  wealthiest  of  European  nations.  Considering  the  long 
course  of  training  necessary  to  produce  a  competent  teacher  or 
demonstrator,  and  in  view  of  the  actual  amount  of  work  expected 
from  these  men  who,  by  virtue  of  their  attainments  and  position, 
are  compelled  to  live  up  to  a  st-andard  of  high  respectability,  it 
seems  almost  incredible  that  the  average  scale  of  remuneration 
should  not  exceed  the  wages  earned  by  an  ai'tisan  and  is  often 
below  that  standard.  It  is  instructive  from  this  point  of  view  to 
note  the  advertisements  which  appear  when  these  posts  have  to 
be  filled  and  to  compare  the  qualifications  required,  the  duties 
expected,  and  the  salaries  offered.  This  state  of  things  is,  unfor- 
tunately, not  confined  to  the  newer  institutions,  and  an  inquiry 
into  the  salaries  paid  to  assistants  and  demonstrators  throughout 
the  country  will  show  that  in  many  of  the  older  educational  estab- 
lishments there  is  the  same  inadequacy  of  payment.  The  practical 
result  from  our  point  of  view  is  again  the  crippling  of  the 
reseax'ch  faculty;  the  chiefs  are  inadequately  supported,  and  the 
subordinates  have  to  work  overtime  as  examiners,  or  in  some  other 
capacity,  in  order  to  make  a  "  living  wage."  It  is  needless  to 
say  that  under  such  conditions  there  is  wholesale  destruction  of 
research  talent  going  on  to  the  ultimate  detriment  of  our  country. 
I  have  thought  it  desirable  to  deal  at  some  length  with  the 
shortcomings  of  the  newer  institutions,  because  the  older  educa- 
tional centres  have  been  so  frequently  castigated  without  effect, 
that  there  should  be  some  hope  of  bringing  about  an  improvement 
in  the  position  of  chemical  research  in  establishments  which,  in 
jjrinciple  at  least,  jorofess  to  meet  the  latest  educational  require- 
ments in  applied  science.  It  will  be  remembered  that  at  the  outset 
of  the  movement  the  late  Prof.  Huxley  encouraged  the  foundation 
of  these  newer  institutions  by  describing  them  as  "  capacity- 
catching  "  appliances — machines  for  sifting  out  the  national  talent 
and  passing  it  on  to  higher  woi'k.  I  do  not  for  a  moment  imagine 
that  our  great  leader  ever  contemplated  that  capacity  would  be 
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caught  by  these  appliances  in  order  to  strangle  it.  Yet  that  is 
virtually  what  is  going  on  to  a  vei'y  large  extent  under  the  enforced 
conditions  of  teaching  our  subject  to  which  I  have  called  attention. 
According  to  the  "  Official  List  of  Appointments  "  published  by 
the  Institute  of  Chemistry  last  year  there  are  on  the  staffs  of  the 
London  and  suburban  Polytechnics  about  fifty-four  trained 
chemists.  To  these  may  be  added  237  engaged  in  teaching  in 
similar  institutions  in  provincial  centres  throughout  the  United 
Kingdom.  In  one  respect  the  hopes  of  those  who  expected  great 
opportunities  for  chemists  from  the  new  departure  in  technical 
education  have  been  realised.  At  the  present  time  there  are  in 
this  country  in  round  numbers  some  290  posts  available  for 
teachers  of  chemistry,  which  posts  have  actually  been  created  by 
the  latest  movement  in  technical  education.  If  now  we  ask 
whether  the  output  of  original  work  from  these  130  centres  is 
representative  of  the  productive  power  of  the  290  teachers,  there 
can,  I  think,  be  only  one  answer,  and  that  an  emphatic  negative. 
An  examination  of  the  lists  of  teachers  in  these  centres  shows 
that  only  about  twelve  out  of  the  total  number  are  carrying  on 
research,  and  most  of  these  in  a  desultory  way.  It  is  evident  that 
there  is  justification  for  my  complaint  that  there  is  this  sub- 
mergence of  creative  faculty  going  on  all  over  the  country;  the 
nets  have  been  spread  and  the  capacity  has  been  caught,  but  so 
far  with  comparatively  little  effect  upon  the  development  of  new 
schools  of  chemical  research. 

The  next  question,  whether  the  influence  of  the  newer  institu- 
tions upon  chemical  industry  has  realised  our  expectations,  is 
intimately  connected  with  the  educational  side  of  the  subject  with 
which  I  have  been  dealing.  No  institution  which  runs  classes  in 
chemistry  for  examinational  purposes  only  and  which  affords  no 
opportunities  for  research  to  its  teachers  can  be  expected  to  produce 
any  serious  effect  upon  the  industry,  and  it  is  not  surprising  that 
the  manufacturers  should  look  with  suspicion  upon  such  products 
of  modern  technical  education.  It  is  extremely  difficult  to  obtain 
information  as  to  the  kind  of  chemical  student  attending  these 
newer  institutions  in  various  parts  of  the  country.  The  majority 
■ — I  should  say  by  far  the  larger  majority — are  preparing  for  a 
certificate  or  a  degree,  and  not  for  the  purpose  of  becoming  working 
chemists.  Speaking  from  my  own  experience,  I  can  say  with 
regard  to  evening  students  in  institutions  which  are  not  fettered  by 
any  examinational  requirements,  that  a  certain  amount  of  good  has 
been  done  in  isolated  cases.  I  could  name  foremen  and  managers 
in  chemical  works  whose  promotion  has  been  the  result  of  their 
attendance  at  evening  classes,  and  I  could  name  teachers  who  have 
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become  converted  from  pure  pedagogues  into  really  efficient 
teachers  by  attending  the  practical  laboratory  courses.  But  insti- 
tutions of  this  type  are,  it  must  be  remembered,  in  a  very  small 
minority,  so  small  that  they  may  be  left  out  of  consideration  in 
dealing  broadly  with  the  relationship  between  modern  technical 
education  and  chemical  industry.  The  question  really  before  us 
is  whether  the  small  amount  of  good  effected  by  the  newer  institu- 
tions as  a  whole  is  not  achieved  at  too  great  a  cost  in  the  way  of 
individual  originality — whether  it  is  worth  sapping  the  vitality  of 
two  or  three  hundred  teachers  of  chemistry  so  as  to  leave  those  of 
them  who  possess  the  research  faculty  without  time  or  energy  for 
such  work  in  order  that  a  few  foremen  here  and  there  may  be 
improved  in  position.  So  far  as  chemical  science  is  concerned  we 
can  only  deplore  this  squandering  of  our  most  precious  asset;  so 
far  as  concerns  chemical  industry  I  venture  to  think  the  result  is 
too  trifling  to  be  worthy  of  serious  consideration. 

It  is  not  easy  to  get  accurate  information  as  to  the  actual 
numbers  of  chemists  employed  in  factories  in  this  country.  In  the 
first  place,  many  of  our  manufacturers  dignify  with  the  name  of 
"  chemist  "  any  human  testing  machine  in  their  employment,  and 
there  is  no  doubt  that  many  men  whose  daily  occupation  does 
not  go  beyond  the  valuation  of  a  few  staple  products  or  raw 
materials  are  described  as  chemists.  In  1902  a  Committee  of  the 
British  Association  published  a  statistical  report  on  this  subject,  in 
which  are  set  forth  the  numbers  of  "  chemists  "  engaged  in  the 
different  branches  of  chemical  industry  and  the  kind  of  training 
which  they  had  received  {Brit.  Assoc.  Refort,  Belfast,  1902,  p.  97). 
According  to  the  returns  furnished  to  this  Committee  the  total 
number  of  chemists  in  those  factories  which  supplied  information 
is  about  500,  and  Sir  James  Dewar,  in  his  Presidential  Address  for 
that  year  {loc.  cit.,  p.  15),  on  the  authority  of  Prof.  Henderson, 
gives  as  a  liberal  estimate  a  total  of  about  1,500.  Whatever  the 
actual  number  may  be,  it  appears  from  the  report  that  evening 
classes,  together  with  analysts'  and  works'  laboratories,  supplied 
only  a  total  of  eighty-five,  so  I  think  there  is  justification  for  the 
contention  that  the  effect  of  the  newer  institutions  upon  chemical 
industry  is  quite  insignificant. 

The  consideration  of  the  question  of  the  position  of  factories  as 
centres  of  research  is,  as  I  have  previously  stated,  intimately 
bound  up  with  the  educational  side  of  the  subject  because  we 
have  to  deal  now  with  the  educational  establishments  which  are 
supplying  the  cheiiusts  for  our  factories.  We  must  really  include 
also  among  these  the  foreign  Universities  and  Technical  Schools, 
because  many  of  the  wox'ks'  chemists  employed  here  were  educated 
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abroad.  It  is  not  my  intention  now,  nor  is  it  essential  to  the  point 
under  consideration,  to  institute  a  comparison  between  the  merits 
of  the  English  and  foreign-trained  chemist.  We  are,  I  am  sure, 
all  agreed  that  the  only  men  likely  to  be  of  real  use  in  chemical 
industry  are  those  who,  starting  from  a  sound,  general  education, 
have  been  through  a  systematic  and  organised  course  extending 
over  at  least  three  years  and  followed,  if  possible,  by  some 
experience  in  research.  For  those  who  are  to  become  leaders  in 
the  industry  the  research  training  is,  I  should  say,  absolutely 
indispensable.  Thus  it  is  only  institutions  in  which  this  kind  of 
work  is  going  on  that  need  be  taken  into  considei'ation,  and  it  is 
because  so  few  of  the  newer  institutions  here  are  doing  this  kind 
of  work  that  they  have,  as  I  have  already  pointed  out,  more  or 
less  failed  in  that  object  for  which  they  were  specifically  founded. 
Now  our  Universities  do  not  profess  to  cater  especially  for  the 
training  of  industrial  chemists,  although  a  few  of  their  graduates 
have  found  careers  in  factories.  The  later  development  of  depart- 
ments of  applied  science  at  some  of  our  Universities,  such  as  Leeds 
and  Birmingham,  is  certainly  a  move  in  the  right  direction  and 
one  from  which  great  good  to  particular  industries  may  be  expected 
to  follow.  It  would  be  impossible  for  me  in  the  time  at  my  disposal 
to  attempt  to  deal  with  the  large  and  important  question  of  the 
kind  of  training  which  the  chemical  student  should  undergo,  or 
with  the  question  of  the  suitability  of  this,  that,  or  the  other  cur- 
riculum. The  bare  fact  that  about  forty  out  of  the  total  number 
of  chemists  employed  in  this  country  wei'e,  according  to  the  report 
already  quoted,  educated  in  foreign  Universities  or  Technical 
Schools,  shows  that  there  must  be  some  superiority  in  the  foreign 
system.  The  numbers  of  English,  and  I  may  add  American, 
students  in  the  foreign  Universities  bear  testimony  to  the  same 
effect. 

The  feeders  of  the  chemical  factories  are  thus  the  Universities 
and  Technical  Schools,  British  and  foreign,  and  the  question  befox-e 
us  as  the  custodians  of  research  is  whether  the  absorption  of  the 
chemical  talent  from  these  sources  by  the  factories  is  justified 
from  the  industrial  point  of  view — whether  these  products  of 
modern  training,  having  entered  into  such  careers,  are  being  used 
to  the  best  advantage.  In  other  words  is  that  wastage  of  original 
faculty  which,  as  I  have  endeavoured  to  show,  is  going  on  in  the 
educational  institutions  going  on  also  in  the  factories  ?  Now,  I 
have  already  pointed  out  that  any  oi-iginal  work  done  in  a  factory 
for  trade  purposes  is  no  concern  of  ours,  and  it  will  be  readily 
understood  that  great  difficulty  would  be  encountered  in  any 
attempt  to  get  accurate  information  on  this  point.     But  in  view 
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of  the  circumstance  that  so  many  teachers  of  our  subject  are  devot- 
ing their  lives  to  this  very  work,  that  we  are  ever  on  the  alert  for 
that  most  precious  research  faculty  in  order  to  train  it  and  to  add 
it  to  our  national  assets,  we  are,  I  believe,  justified  in  asking  what 
becomes  of  these  men  v/hen  they  enter  the  ranks  of  industrial 
chemists  ?  Whether  the  total  number  of  chemists  employed  in  our 
factories  is  what  it  should  be  is  a  point  for  the  manufacturers 
themselves  to  consider.  Even  the  extreme  estimate  of  1,500  does 
not  seem  a  very  large  chemical  staff  for  the  whole  of  the  factories 
of  Great  Britain.  In  the  German  colour  industry  alone,  accord- 
ing to  information  supplied  to  us  seven  years  ago  as  Jurors  for 
the  Paris  International  Exhibition,  five  of  the  great  factories  were 
employing  557  chemists — real  scientific  chemists  and  not  mere 
testing  machines  such  as  are  dignified  with  the  name  of  chemist 
in  many  of  our  factories. 

From  my  own  experience  as  head  of  the  chemical  department  of 
a  Technical  College,  and  with  some  knowledge  of  the  requirements 
of  chemical  industry,  I  can  state  that  the  newer  technical  educa- 
tion when  conducted  in  the  form  of  organised  courses  of  day 
instruction  extending  over  several  years  has  enabled  us,  according 
to  Huxley's  metaphor,  to  capture  a  large  amount  of  chemical 
capacity.  I  have  no  doubt  that  others  attached  to  similar  institu- 
tions can  supplement  and  extend  my  own  experience.  During 
twenty-two  years'  connexion  with  the  Finsbury  Technical  College 
I  estimate  that  in  round  numbers  from  300  to  400  trained  students 
have  been  made  over  to  the  chemical  world.  Add  to  those  the 
students  from  other  institutions  doing  similar  woi'k  and  it  will  be 
seen  that  the  supply  of  chemical  talent  available  for  science  and 
for  industry  is  very  large.  In  giving  these  figures  it  must  be 
remembered  that  they  refer  to  hona-fide  chemical  students,  young 
men  who  have  gone  through  the  course  with  the  definite  object  of 
making  chemistry  either  a  profession  or  a  trade.  Now  of  the  total 
output  of  trained  chemists  from  the  various  institutions  a  fair 
proportion — a  number  quite  equal  to  the  average  in  other  countries 
— are  possessed  of  the  research  faculty.  We  have  seen  what 
becomes  of  this  when  such  men  throw  in  their  lot  with  the  educa- 
tional establishments.  Are  not  we,  the  teachers,  justified  in  asking 
whether  the  prospects  of  developing  this  faculty  in  our  factories 
are  such  as  might  be  reasonably  expected  from  the  known  require- 
ments of  chemical  industry  ? 

In  answer  to  this  question  I  am  afraid  we  must  come  to  the  con- 
clusion that  here  also  there  is  an  enormoiis  submergence  of  research 
talent  going  on.  It  is  true  that  the  position  is  improving — that 
some   of   our   more   enlightened    manufacturers   have   realised    the 
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value  of  such  men,  and  by  taking  advantage  of  their  faculties  have 
improved  their  various  industries.  But  these  cases  are  as  yet 
exceptional,  and  the  ideal  will  never  be  reached  until  the  research 
laboratory  becomes  a  recognised  and  well-staffed  department  in 
every  chemical  factory.  Do  our  factories  possess  departments 
which  can  honestly  be  described  as  centres  of  research  in  the  sense, 
say,  of  the  research  laboratories  of  the  German  colour  factories? 
I  am  afraid  not;  indeed,  I  know  of  scores  of  young  men  of  great 
promise  and  ability  who  have  been  swallowed  up  by  the  factories 
and  gradually  degraded,  in  the  chemical  sense,  into  mere  machines 
carrying  out  routine  work  which  really  required  no  elaborate 
chemical  education  for  its  effective  performance.  There  is,  of 
course,  no  satisfactory  means  of  measuring  the  influence 
of  the  newer  education  ujDon  the  chemical  industries  of 
this  coimtry,  and  we  can  only  speak  from  individual  ex- 
perience concerning  the  careers  of  our  own  students.  It 
is  upon  this  experience  that  I  base  the  conclusion  that  our 
country  is  wasting  its  resources  in  a  most  reckless  way  so  far  as 
concerns  the  chemical  industries.  There  is  an  enormous  amount 
of  talent  available  if  our  manufacturers  would  only  utilise  it  in 
the  right  way.  It  has  frequently  been  pointed  out  how,  on  the 
Continent  and  in  America,  the  educational  establishments  and  the 
industries  are  brought  into  relationship  by  the  co-operation  between 
the  manufacturers  and  the  teachers.  Only  last  week  in  his  lecture 
at  the  Royal  Institution  Prof.  Lunge  again  drew  attention  to  this 
point  in  forcible  terms.  Here,  so  far  as  chemical  industry  is 
concerned,  such  co-operation  is  practically  unknown,  and,  as  a 
consequence,  there  exists  more  or  less  distrust  where  there  should 
be  confidence,  and  both  the  educational  and  the  industrial  sides 
of  our  subject  are  crippled.  This  is  perhaps  the  most  powerful 
influence  at  work  in  tlifs  country  in  checking  that  development 
which  follows  normally  from  co-operation  between  the  representa- 
tives of  science  and  of  industry. 

We  cannot  profess,  nor  is  it  possible  for  any  educational  estab- 
lishment, British  or  foreign,  to  undertake  to  supply  men  with  an 
expert  knowledge  of  any  particular  branch  of  manufacture.  We 
can  only  say  when  asked  for  such,  "  We  can  supply  you  with  men  of 
general  knowledge  of  principles  and  possessed  of  originality  and 
resourcefulness;  take  them  into  your  factories,  put  them  into 
research  laboratories  where  they  have  a  free  hand,  make  them 
acquainted  with  the  problems  awaiting  solution  in  your  industry, 
and  do  not  be  too  impatient  for  immediate  results;  in  the  long 
run  such  men  will  justify  their  appointments."  That  this  ideal 
utilisation  of  the  national  chemical  faculty  is  not  going  on  to  the 
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extent  that  it  ought  appears  to  me  to  be  shown  in  two  ways.  I 
may  be  possibly  opening  the  door  for  controversy  here,  and  so  it  is 
better  to  state  at  once  that  I  am  not  raising  the  vexed  question  of 
the  imperfections  of  our  Patent  Laws.  But  I  do  not  think  it  can  be 
reasonably  questioned  that  in  the  present  state  of  chemical 
literature  the  patent  list  is,  on  the  whole,  a  very  fair  measure  of 
the  research  activity  in  the  factories,  and  from  that  point  of  view 
it  is  quite  unnecessary  to  do  more  than  invite  a  comparison  between 
the  discoveries  in  the  way  of  chemical  products  and  processes 
emanating  respectively  from  the  British  and  foreign  factories.  The 
other  criterion  of  research  activity  is  furnished  by  the  Society  of 
Chemical  Industry — an  excellent  organisation  of  which  we  are  all 
justly  proud.  That  Society  does  for  applied  chemistry  what  we 
are  doing  for  chemical  science;  it  provides  an  arena  for  the 
announcement  and  discussion  of  new  discoveries  in  industrial 
chemistry,  and  it  gives  publicity  to  the  results  in  the  pages  of  its 
Journal.  Now  it  is  no  disparagement  to  the  work  of  that  Society 
to  say  that  the  contributions  to  its  Journal  representing  the  total 
results  of  research  conducted  in  the  factories  of  this  country  are 
exceedingly  meagre.  That,  of  course,  is  no  fault  of  the  Society  as 
a  Society,  but  the  jiaucity  of  original  communications  may  be  taken 
in  conjunction  with  the  revelations  of  the  patent  lists  as  a  justifica- 
tion of  the  complaint  that  in  the  factories,  as  in  the  educational 
establishments,  there  is  going  on  this  same  wastage  of  the  research 
faculty. 

Checks  to  the  Wastage  of  the  Research  Faculty;  Research 
Funds  and  Scholarships. 

Turning  now  from  the  consideration  of  the  various  deterrent 
influences,  we  may  in  the  next  place  deal  with  such  counteracting 
agencies  as  are  available  in  this  country.  It  is  clear,  from  our 
point  of  view,  that  any  means  by  which  the  research  faculty, 
having  once  been  captured,  can  be  given  free  scope  for  develop- 
ment must  be  a  distinct  gain  to  our  cause.  All  who  have  had  to 
do  with  the  training  of  chemical  students  must  in  the  course  of 
their  experience  have  come  across  young  men  of  exceptional  talent 
as  original  workers.  Fortunately  for  the  intellectual  vigour  of 
the  nation  this  faculty  is  not  a  class  distinction,  and  is  to  be 
met  with  occasionally  in  all  ranks.  Possibly  the  lower  ranks  have 
the  advantage,  but  the  actual  facts  can  only  be  arrived  at  by 
Galtonian  methods.  We  are  concerned  more  particularly  with  the 
utilisation  of  this  faculty  for  the  promotion  of  our  science  and 
with  the  maintenance  of  the  principle  that  the  submergence  of  this 
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faculty  means  so  much  dead  loss  to  the  national  resources.  Now 
it  unfortunately  happens  that  many  of  the  men  thus  gifted  come 
from  stations  in  life  which  render  it  imperative  that  they  should 
proceed  at  once  from  the  college  to  some  bread-winning  occupation. 
A  few  may  perhaps  be  lucky  enough  to  find  appointments  in  which 
there  is  scope  for  the  development  of  their  faculties,  but  I  am 
afraid  the  majority  do  not;  they  undergo  that  process  of  extinction 
as  original  workers  which  I  have  already  dealt  with.  I  could 
point  to  large  numbers  of  cases  illustrative  of  this  most  deplorable 
waste  of  productive  energy,  and  other  teachers  could,  no  doubt,  do 
the  same.  One  of  the  most  valuable  counteracting  agencies,  and 
one  the  importance  of  which,  from  our  standpoint,  cannot  be  over- 
estimated, is  that  system  of  awarding  research  scholarships  to  men 
of  proved  ability  so  as  to  enable  them  to  carry  on  original  work 
after  finishing  their  college  training.  The  value  of  this  most 
rational  method  of  endowing  research  is  due  mainly  to  the  fact 
that  the  right  men  are  captured  in  the  right  way;  they  are  not,  as 
it  were,  squirted  promiscviously  out  of  an  examination  mould,  but 
they  are  selected  by  the  teachers  who  have  had  them  under  observa- 
tion during  the  whole  covirse  of  their  training  and  who  know  their 
real  as  distinguished  from  their  examinational  capabilities. 

This  method  of  promoting  science  and  at  the  same  time  giving 
the  crowning  touch  to  the  scientific  education  of  the  best  products 
of  our  educational  establishments  is  of  such  national  importance 
that  we  should  fail  in  our  duty  did  we  not  place  upon  record  our 
high  appreciation  of  those  agencies  which  are  working  in  this 
direction.  Unfortunately  they  are  fev/.  The  amount  of  capital 
required  for  the  adequate  endowment  of  svicli  scholarships  is  neces- 
sarily large,  and  the  public  spirit  of  our  countrymen  very  rarely 
expends  itself  in  this  direction.  But  I  desire  especially  to  name 
among  others  the  scholarships  given  by  the  Royal  Commissioners  of 
the  1851  Exhibition,  the  Salters'  Company's  Research  Scholarships, 
the  Schunck  Research  Fellowships,  and  the  Carnegie  Research 
Scholarships,  all  of  which  are  doing  excellent  service  in  the  cause 
of  chemical  research  in  this  country,  as  may  be  seen  from  the  pages 
of  our  publications.  Of  the  value  of  these  endowments  there  can 
be  no  question,  and  with  respect  to  the  Science  Scholarships  of 
the  1851  Exhibition  I  can  speak  from  personal  experience,  having 
for  many  years  been  one  of  the  examiners  of  the  reports  presented 
by  the  scholars.  These  last  scholarships  are  not  limited  to  chemical 
subjects,  but  our  science  claims,  on  the  whole,  the  largest  number 
of  scholarship  holders.  But,  although  we  should  probably  be 
unanimous  in  our  estimate  of  the  importance  of  such  endowments 
as  these,  there  is  another  aspect  of  the  case  to  which,  I  think,  it 
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right  to  call  attention,  if  only  for  the  opportunity  it  affords  for 
answering  certain  objections  to  the  specialisation  of  work  rendered 
necessary  by  devotion  to  research. 

It  has  sometimes  been  urged  by  educational  authorities  whose 
opinions  are  entitled  to  serious  consideration,  that  it  is  unfair  to 
students  at  the  close  of  their  general  education  to  place  temptation 
in  their  way  by  furnishing  means  whereby  they  are  induced  to 
devote  perhaps  some  years  to  specialised  research  of  no  bread- 
winning  value  in  their  ultimate  career.  It  is  not  difficult  to  answer 
this  objection,  although  there  may  conceivably  be  conscientious 
teachers  who  on  this  ground  would  discourage  post-graduate 
research  work.  In  the  first  place,  if  the  educational  value  of 
research  be  admitted,  as  it  assuredly  will  be,  it  must  necessarily  be 
limited  to  some  special  field,  and  if,  as  is  so  generally  the  case,  the 
student  on  the  completion  of  his  curriculum  has  no  definite  views 
as  to  his  future  line  of  work,  it  is  obviously  impossible  to  specialise 
his  researches  with  reference  to  his  prospective  career.  We  can 
only  joroceed  on  the  genei'al  principle  that  research  in  itself  is  of 
the  highest  disciplinary  value  in  whatever  career  the  student  may 
ultimately  adopt  as  a  chemist — whether  he  becomes  a  teacher  or  a 
technologist;  it  being,  of  course,  understood  that  no  specialisation 
is  permitted  until  the  general  scientific  education  has  been  com- 
pleted on  a  broad  and  sound  basis. 

The  question  is  whether  this  principle  is  a  sound  one,  and  as  a 
matter  of  experience  I  have  no  hesitation  in  answering  that 
question  in  the  affirmative.  The  faculties  called  forth  by  research 
work,  although  for  the  time  being  concentrated  on  one  particular 
problem,  are  just  those  which  are  essential  for  success  in  any 
branch  of  our  subject.  The  nature  of  the  particular  line  of  investi- 
gation by  which  those  faculties  have  been  trained  is  in  reality  a 
subordinate  point,  subject  entirely  to  personal  conditions;  that  is 
to  the  special  nature  of  the  work  with  which  the  professor  or 
teacher  is  associated.  In  cases  where  a  choice  of  centre  is  possible 
the  research  student  would  naturally  go  to  that  institution  where 
the  work  was  in  a  field  in  which  he  was  most  interested  or  towards 
which  he  was  attracted  as  affording  a  good  preparation  for  his 
future  career.  But  even  where  no  choice  of  centre  is  possible,  and 
where  an  opportunity  for  continuing  research  work  in  his  own 
college  after  passing  through  the  general  curriculum  is  furnished 
by  agencies  such  as  those  to  which  I  have  referred,  the  value  of 
the  student  is  enormoiisly  enhanced  by  the  experience.  The  man 
and  the  subject  are  both  gainers,  and  from  my  own  knowledge  of 
the  careers  of  students  who  have  availed  themselves  of  such 
scholarships  I  have  no  hesitation  in  expressing  the  view  that  it  is 
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the  duty  of  all  teachers  who  are  afforded  the  opportunity  to 
encourage  in  every  way  the  utilisation  of  these  endowments.  It 
is  the  teachers  who  are  the  real  capacity  catchers;  it  is  their  duty 
out  of  loyalty  to  our  science  and  in  the  best  interest  of  those  who 
are  taking  to  chemistry  as  a  career  to  see  that  these  available 
sources  of  productiveness  are  made  the  most  of,  and  I  again 
emphasise  the  indebtedness  of  the  country  to  the  founders  of  these 
scholarships. 

The  other  agency  working  against  the  stream  of  adverse 
influences  is  to  be  found  in  the  various  funds  from  which  grants 
are  made  to  individual  workers  for  the  prosecution  of  particular 
researches.  There  are  three  such  funds  available  for  the  promotion 
of  chemical  research,  the  Government  Grant  Fund  of  the  Royal 
Society,  the  gi'ants  distributed  annually  by  the  British  Association, 
and  the  income  derived  from  our  own  Research  Fund.  Of  these 
the  two  former  have  to  be  distributed  over  every  branch  of  science, 
and  chemistry  takes  its  chance  with  other  subjects.  The  total 
amount  available  for  chemical  research  is  not  very  large,  and  all 
who  have  served  on  the  committees  of  any  of  these  funds  know 
very  well  that  the  amount  applied  for  is  generally  much  in  excess 
of  the  sum  •  available  for  distribution.  The  main  difl&culty  of 
administration  is,  in  fact,  the  equitable  pruning  of  the  various 
api^lications. 

With  regard  to  the  results  obtained  through  the  Research  Fund 
of  this  Society,  the  present  occasion  is  in  every  way  opportune  for 
calling  attention  to  our  achievements  and  to  our  needs.  The 
history  of  this  fund  is  fully  given  in  our  Jubilee  volume,  published 
in  1891,  and  it  is,  therefore,  unnecessary  to  I'ecaj^itulate  that 
history  now.  The  income  derived  from  this  fund  has  hitherto 
enabled  us  to  distribute  annually  a  sum  of  about  £220 — a  very 
modest  amount  considering  the  number  of  claims  and  the  activity 
of  our  workers.  Of  the  value  of  the  assistance  thus  given  we 
are,  of  course,  all  thoroughly  aware  here,  but  it  may  not  be 
generally  realised  by  the  outer  public  what  an  enormous  amount 
of  good  work  is  being  promoted  by  the  judicious  administration 
of  this  very  modest  income.  In  order  to  get  at  the  actual  facts, 
Mr.  Carr  has  been  so  good  as  to  prepare  a  table  covering  the  eight 
years  from  1898  to  1905  inclusive,  and  setting  forth  for  each  year 
the  sum  granted,  the  number  of  grantees,  the  total  number  of 
papers  published  by  the  grantees  in  our  Journal  or  elsewhere,  and 
other  particulars  which  will  be  found  in  the  table  itself.*  From 
this  it  appears  that  151  grantees  during  that  period  pviblished  203 
papers,  thirteen  failed  to  publish,  ten  have  not  yet  published,  and 
*  See  Appendix  B,  p.  659. 
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eighteen  grants  are  still  in  the  hands  of  the  grantees.  The  total 
amount  granted  was  £1,770,  so  that  for  this  expenditure  we  have 
actually  given  to  our  science  203  papers,  and  more  may  be 
expected  from  those  who  still  have  grants  in  hand  or  who  have  not 
yet  pviblished  their  results.  The  figures  as  they  stand,  and  even  if 
nothing  fui'ther  is  achieved,  show  that  the  gi'ants  average  from  £8 
to  £9  per  paper,  and,  as  we  all  know,  each  paper  represents  the 
results  of  at  least  one  and  frequently  of  several  years'  work. 
Moreover,  in  many  cases  the  sums  allotted  are  of  more  than  sub- 
sidiary assistance;  some  of  our  workers  are  practically  dependent 
upon  these  grants  for  procuring  the  necessary  and  often  costly 
materials  required  for  their  researches,  and  without  such  support 
would  be  unable  to  carry  on  their  work.  It  is  not  going  too  far 
to  say  that  there  are  no  funds  giving  such  substantial  returns  for- 
so  small  an  expenditure  as  these  Research  Funds,  and  their  im- 
portance as  aids  to  the  advancement  of  knowledge  cannot  be  over- 
estimated. 

I  have  thought  it  desirable  to  set  forth  the  results  accomplished 
by  our  Reseai'ch  Fund  on  this  occasion,  because  several  points  and 
considerations  connected  with  this  branch  of  our  work  have  arisen 
during  the  past  year.  It  will  be  remembered  that  one  of  the 
objects  which  the  promoters  of  the  Coal-Tar  Colour  Jubilee  cele- 
bration embodied  in  their  scheme  was  the  establishment  of  a 
Research  Fund  to  be  administei-ed  by  this  Society  in  association 
with  the  name  of  the  founder  of  the  industry.  Sir  William  Perkin. 
As  the  causes  acting  detrimentally  to  the  progress  of  research  in 
this  country  have  been  so  fully  considered  in  this  address,  I  cannot 
refrain  from  calling  attention  to  a  very  remarkable  attack  upon 
that  part  of  the  scheme  which  appeared  in  one  of  the  technical 
journals.*  That  a  discordant  note  should  have  been  sounded  by 
a  countryman  of  Perkin's  at  a  time  when  foreign  nations  were 
co-operating  loyally  v/ith  us  for  the  realisation  of  the  objects  set 
forth  by  the  promoters  will  appear  almost  incredible  to  posterity 
when  the  proceedings  of  that  great  international  gathering  have 
passed  into  the  domain  of  history.  The  answer  to  that  attack  was, 
of  course,  given  in  the  theatre  of  the  Royal  Institution  last  July 
in  terms  which  form  a  very  striking  comment  upon  the  views 
expressed  by  the  writer  of  the  letter  in  question,  and  as  a  further 
practical  refutation  I  am  glad  to  be  able  to  announce  that  a  net 
sum  of  about  £2,700  will  be  added  to  our  capacity-catching 
resources  in  the  form  of  a  ''  Perkin  Research  Fund,"  that  sum 
having  been  raised  by  intei'national  subscription  in  honour  of  our 
distinguished  past-President.  It  was  also,  as  you  are  aware,  my 
»  *  Journal  of  Gas  Lighting,  etc.,  June  5th,  1906,  p.  648. 
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pleasing  duty  last  month  to  announce  a  further  contribution  of 
£1,000  from  the  Goldsmiths'  Company  for  the  promotion,  through 
our  Society,  of  research  in  Inorganic  and  Metallurgical  Chemistry. 

I  will  venture  in  conclusion  to  dwell  upon  another  aspect  of  the 
work  of  our  Reseai-ch  Fund  which  must,  I  am  afraid,  in  the  present 
state  of  affairs  be  regarded  as  purely  hypothetical.  At  some  future 
period  the  h3rpothesis  might  possibly  become  practically  verified — 
it  is  entirely  a  question  of  means,  and,  unfortunately,  of  very 
large  means;  but  I  am  most  anxious  to  bequeath  to  my  successors 
in  this  chair  at  least  the  tradition  of  the  desirability  of  realising 
the  views  which  I  have  long  held  on  this  subject,  and  so  I  take 
advantage  of  this  last  opportunity  of  addressing  the  Society  in 
the  capacity  of  President  to  formulate  these  views  with  some 
emphasis. 

Let  us  consider,  in  the  first  place,  the  actual  resovxrces  at  our 
disposal  for  the  promotion  of  research.  With  the  additional 
capital  by  which  our  fund  has  been  increased  the  total  income 
available  for  grants  will  be  about  £330  per  annum.  In  view  of 
the  demands  upon  that  income  it  is  obvious  that  even  now  we  are 
possessed  of  but  very  limited  means,  and  that  the  Research  Fund 
Committee  will  still  be  compelled,  as  has  hitherto  been  the  practice, 
to  allot  the  grants  for  the  purchase  of  materials  or  special 
apparatus.  This  mode  of  allotment  has  been  recognised  as  a 
principle  by  the  Committee  for  many  years,  and  in  view  of  our 
slender  resources  no  other  course  is  possible.  Administered  on  this 
principle  the  fund  has  been,  as  I  have  already  stated,  of  enormous 
value  in  the  past,  and  it  is  to  me  a  matter  of  the  greatest  satisfac- 
tion in  retiring  from  the  Presidency  to  know  that  during  my  period 
of  office  the  substantial  increase  of  our  resources  will  enable  us 
to  extend  the  sphere  of  usefulness  of  the  fund  in  the  future. 
But,  in  addition  to  the  promotion  of  research  by  the  means  indi- 
cated, there  is  another,  and,  according  to  my  view,  an  equally 
valuable  method  for  assisting  our  workers  in  the  prosecution  of 
their  researches,  and  that  is  the  allotment  of  personal  grants  to 
enable  the  grantees  to  secure  skilled  assistance — to  purchase,  in 
fact,  the  services  of  human  material  as  well  as  chemicals  and 
apparatus.  It  is  only  want  of  sufficient  income  that  has  hitherto 
debarred  the  use  of  our  fund  in  this  way;  the  Government  Grants 
administered  by  the  Royal  Society  are,  as  you  are  aware,  allotted 
to  applicants  in  certain  cases  for  such  personal  assistance,  and  the 
great  desideratum  of  our  Research  Fund  is  a  sufficient  augmenta- 
tion of  capital  to  enable  us  to  do  the  same  kind  of  work. 

I  am  so  confident  that  an  extension  of  our  means  towards  this 
end  wovild  be  productive  of  a  most  notable  increase,  both  in  the 
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quantity  and  quality  of  the  chemical  research  done  in  this  country 
that  I  have  no  hesitation  in  placing  upon  record  the  opinion  that 
the  next  step  taken  in  the  forward  policy  of  the  Chemical  Society 
ought  to  be  in  this  direction.  To  do  much  good  in  the  way  of 
making  personal  grants  we  should,  of  course,  require  to  capitalise 
a  very  large  sum ;  we  want  an  income  of  thousands  instead  of 
hundreds,  and  I  confess  that  I  see  no  immediate  prospect  of 
realising  this  dream.  But  there  can  be  no  doubt  that  for  those 
who  have  the  interests  of  our  science  at  heart  there  could  be  no 
better  method  of  subsidising  research.  In  strengthening  the  hands 
of  workers  by  such  means  the  efficiency  of  the  capacity-catching 
machinery  would  be  increased  in  the  best  possible  way,  both  for 
the  subject  and  for  the  individual.  The  active  worker  is  the  best 
of  all  possible  selecting  agents;  the  assistant  chosen  by  him  could 
be  depended  upon  as  being  a  man  of  proved  competency,  and 
possibly  of  his  own  training.  The  assistant  so  selected  would 
benefit  largely  by  his  association  with  the  active  worker;  he  would 
rise  in  the  scale  of  competency  with  increasing  experience  and 
might  in  his  turn  be  expected  to  become  an  active  centre  of 
research.  Supposing  grants  of  this  order  were  made  possible  to 
our  Society,  there  would  be  added  to  the  influences  already  referred 
to  another  power  tending  to  check  that  dissipation  of  the  research 
faculty  which,  as  I  have  endeavoured  to  show,  is  going  on  to  such 
a  deplorable  extent  throughoiit  the  country. 

The  general  conclusion  which  appears  to  be  justified  by  this 
inquiry  into  the  position  and  prospects  of  chemical  research  is, 
that  the  position  here  is  by  no  means  as  satisfactory  as  we  could 
wish — that  much  more  might  be  done  if  the  conditions  were 
made  more  favourable  for  our  active  workers.  In  view  of  the 
actual  achievements,  accomplished  in  spite  of  the  existing  dis- 
abilities, it  appeal's  that  the  prospects  for  this  country  as  a  home 
of  chemical  research  have  been  improving  during  the  last  decade 
with  greater  rapidity  than  at  any  previous  period  in  the  history 
of  our  Society.  But  it  is  also  obvious  that  there  is  much  work  yet 
ahead  of  us  before  the  environment  in  which  our  workers  find 
themselves  is  properly  cleared  from  obstructions.  The  remarks 
which  I  have  offered  on  this  occasion  may  possibly  be  of  use  in 
indicating  the  directions  in  which  siich  impediments  are  to  be 
found. 
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Appendix  A.— The  Publications  of  the  Chemical  Society,  1S95— 1906. 
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OBITUARY   NOTICES. 

FREDERIC  JUST  CLAUDET. 

Born  Maucii  24th,  1826;   Died  Atril  19th,   1906. 

Frederic  Just  Claudet  was  boru  at  Clioisy-le-roi,  France,  on  the 
24th  March,  1826.  He  was  the  son  of  Francois  Antoine  Claudet, 
F.R.S.,  distinguished  for  his  discoveries  of  the  action  of  light  on  various 
substances  in  the  early  days  of  photography. 

He  was  educated  at  University  College,  and  subsequently  entered 
the  Ecole  des  Mines,  Paris,  wliere  he  graduated  with  honours. 

For  some  years  he  acted  as  assistant  to  Professor  Graham,  of  the 
Royal  Mint,  in  several  important  investigations,  and  in  1851  published 
the  results  of  a  special  research  on  the  cobalt  amines.  At  this  period 
the  firm  of  Rothschild  and  Sons  were  engaged  in  estal)lishing  their 
Royal  Mint  Refinery  for  the  treatment  of  gold  and  silver  bullion,  and 
Claudet  was  appointed  to  aid  them  in  the  work.  Immediately  after- 
wards he  commenced  practice  in  London  as  an  assayer,  analytical 
chemist,  metallurgist,  and  mining  engineer,  and  received  the  appoint- 
ments of  Assayer  to  the  Bank  of  England  and  also  to  the  Bank  of 
France. 

The  arduous  nature  of  this  professional  work  left  him  but  little 
time  for  research  for  some  years,  and  when  he  again  became  an  investi- 
gator it  was  in  the  field  of  chemical  technology.  The  problem  to 
which  he  specially  directed  his  attention  was  the  extraction  of  the 
small  quantities  of  silver  pi-esent  in  the  cupriferous  pyrites  from  Spain 
and  Portugal,  which  were  largely  used  in  the  manufacture  of  sul- 
phuric acid,  and  in  1870  he  had  so  far  successfully  overcome  the  diffi- 
culties attending  its  solution  that  he  took  out  a  patent  for  a  process 
which  bears  his  name,  and  by  which  the  extraction  of  the  silver  from 
the  liquors,  obtained  after  roasting  the  burnt  pyrites  with  common 
salt,  by  precipitation  by  a  soluble  iodide,  could  be  economically 
effected.  During  this  investigation  a  prismatic  form  of  arsenic  tri- 
oxide,  existing  as  a  distinct  mineral  in  the  pyrites,  was  discovered  by 
him,  and  was  named  Claudetite  by  Dana. 

As  a  chemist  and  analyst  he  was  one  of  the  most  painstaking  of 
men  ;  almost,  if  that  be  possible,  over  punctilious  in  observing  the 
most  minute  precautions  in  order  to  ensure  accurate  results. 

He  was  elected  a  Fellow  in  1852.  For  many  years  he  had  resided 
during  the  winter  at  Cannes,  where  he  died  on  the  19th  April,  1906. 

William  Gowland. 
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HERMANN   JOHANN   PHILIPP   SPRENGEL. 

BoEN  Aug.  29th,  1834;  Died  Jan.  14th,  1906. 

Dr.  Hermann  Johann  Philipp  Spkengel,  F.R.S.,  who  was  found  dead 
in  his  armchair  on  Sunday  evening,  January  14th,  1906,  at  his  house 
in  London,  had  long  been  a  familiar  figure  in  Eoglish  chemical  circles. 
Born  on  the  29th  of  August,  1834,  at  Schillerslage,  near  Hanover,  the 
second  son  of  George  Sprengel,  a  landed  proprietor,  he  was  educated  at 
Hanover,  and  after  studying  chiefly  chemistry  and  physics  at  Gottingen 
and  Heidelberg  he  took  his  degree  at  the  latter  university  in  1858. 
He  came  to  England  in  1859,  and  for  some  time  acted  as  assistant  to 
Sir  Benjamin  Brodie  at  Oxford  until,  in  1862,  he  settled  in  London, 
where  he  was  engaged  in  research  work  at  the  laboratory  of  the  Royal 
College  of  Chemistiy,  and  at  Guy's  and  St.  Bartholomew's  Hospitals 
until  1864.  From  1865  to  1870  Sprengel  acted  as  chemist  at  the 
sulphuric  and  nitric  acid  works  of  Messrs.  Thomas  Fai'mer,  then  at 
Kennington,  after  which  date  he  engaged  in  work  chiefly  connected 
with  his  own  inventions  and  patents.  Possessed  of  remarkable 
originality,  he  was  the  author  of  numerous  inventions  of  scientific  and 
practical  importance,  fi*om  none  of  which,  however,  did  he  derive  any 
substantial  benefit ;  in  not  a  few  instances  he  was  in  advance  of  liis 
time,  but  it  cannot  be  denied  that  he  lacked  the  sense  of  proportion  so 
essential  to  the  successful  man.  The  research  by  which  he  will  always 
be  known  to  posterity  is  that  "On  the  vacuum"  published  in  the 
Transactions  in  1865.  In  this  he  describes  the  pump  now  universally 
known  as  the  "  Sprengel  pump,"  the  vacuum  being  produced  by  the 
fall  of  mercury,  water,  or  other  liquids  in  tubes.  The  mercurial  pump 
exhausted  vessels  so  that  the  residual  air  amounted  to  only 
1/937920000  part  of  its  original  volume  [Cliem.  News,  1870,  29,  125), 
a  degree  of  exhaustion  far  beyond  anything  previously  achieved 
and  never  surpassed  until  Sir  James  Dewar  recently  introduced  the  use 
of  charcoal  cooled  by  liquid  air  as  an  absorbent  of  the  residual  gases. 
The  Sprengel  pump  made  possible  the  Swan  and  the  Edison  glow  lamp 
(see  the  Times,  January  2nd,  1880,  and  December  29th,  1879)  and  was 
made  brilliant  use  of  by  Sir  William  Crookes  in  his  work  on  the  radio- 
meter and  by  Professor  Rontgen  in  producing  his  apparatus  for  demon- 
strating the  rays  called  after  his  name.  Graham,  who  employed  it  in 
his  investigation  of  occluded  gases,  says  of  the  Sprengel  pump,  "  Indeed 
without  the  use  of  his  (Sprengel's)  invention  some  parts  of  the  inquiry 
would  have  been  practically  impossible"  (PJiil.  Trans.,  156,  408), 
and  every  chemist  knows  to  what  excellent  use  Bunsen  put  this 
invention  for  accelerating  filtration.       Sprengel  was  an  expert  glass 
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blower  and  his  deft  fingers  stood  him  in  good  stead  in  all  his 
work.  Characteristic  of  the  man  was  the  simplicity  of  the  means  by 
which  he  achieved  results  of  remarkable  accuracy.  Next  to  his  pump 
in  importance  as  a  scientific  intrument  is  to  be  reckoned  the  simple 
"  U-tube  "  which  he  devised  for  the  determination  of  the  density  of 
liquids,  and  which,  as  he  points  out  in  his  paper,  is  applicable  also  to 
the  exact  determination  of  the  apparent  coefficient  of  expansion  of 
liquids.  Moreover,  such  is  the  delicacy  of  the  instrument  that  the 
presence  of  as  little  as  half  a  grain  of  dissolved  mineral  matter  (such 
as  carbonate  of  lime)  in  one  gallon  of  water,  or  7'5  milligrams  per  litre, 
can  be  ascertained  quantitatively  (Trans.,  1873,  26,  577).  Sprengel's 
researches  on  explosives  were  of  the  greatest  public  importance,  and 
the  world  is  indebted  to  him  for  his  safety  explosives,  for  his  method 
of  exploding  semi-sensitive  or  hydrated  explosives  by  cumulative 
detonation  (now  employed  to  detonate  wet  guncotton),  and 
for  his  suggestion  of  the  use  of  picric  acid  by  itself  as  a  power- 
ful explosive,  which,  as  melinite  or  lyddite,  has  greatly  increased 
the  influence  of  artillery  in  modern  warfare.  From  none  of  these 
inventions  did  Sprengel  derive  any  pecuniary  benefit,  and  it  is  there- 
fore not  surprising  that,  especially  in  his  latter  days,  he  should  have 
been  very  sensitive  when  his  discoveries  were  attributed  to  others,  who 
reaped  where  he  sowed.  Sprengel  patented  his  safety  explosives  on 
April  6th  and  October  5th,  1871,  but  want  of  encouragement  caused 
him  to  allow  these  patents  to  lapse.  A  fuller  description  of  this  work 
is  recorded  in  the  Transactions  for  August,  1873,  and  Sir  Frederick 
Abel,  in  his  presidential  address  to  the  Society  of  Chemical  Industry  in 
1883,  characterised  it  as  **  One  of  the  most  interesting,  original,  and 
suggestive  of  comparatively  recent  contributions  to  the  literature  of 
explosives."  It  would  lead  us  too  far  to  give  full  details  of  this  paper. 
The  broad  principle  of  these  explosives  is  the  admixture  of  an  oxidising 
with  a  combustible  agent  at  the  time  of,  or  just  before,  their  use, 
the  constituents  of  the  mixture  being  themselves  non-explosive 
{Proceedings  of  the  Royal  Artillery  Inst.,  No.  4,  Yol.  XIV).  Led  by 
the  idea  that  (as  a  rule)  an  explosion  is  a  sudden  combustion,  Sprengel 
made  these  mixtures  in  such  proportions  that  their  mutual  oxidation 
and  deoxidation  should  be  theoretically  complete,  and  submitted  them 
to  the  violent  shock  of  a  detonating  cap  (Trans.,  1873,  26,  799).  A 
long  list  of  combustible  agents  is  given,  of  which  may  be  mentioned 
solid  or  liquid  hydrocarbons  such  as  naphthalene,  phenol,  benzene,  &c., 
but  Sprengel  prefers  the  use  of  nitro-compounds  which  produce  cold 
when  mixed  with  nitric  acid,  thereby  avoiding  the  heat  generated  when 
hydrocarbons  are  used.  As  oxidising  agents  he  enumerates  hydrogen 
peroxide,  nitric  anhydride,  nitric  peroxide,  potassium  chlorate,  kc,  and 
even  pure  or  elementary  oxygen  in  either  a  solid  oraliquid  form  is  referred 
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to.  He  prefers,  however,  the  use  of  nitric  acid,  because  it  is  cheap  and 
a  common  article  of  commerce.  The  mixtures  are  to  be  exploded  by 
fulminate  detonators  wrapped  in  dry  guncotton,  and  to  this  method 
Sprengel  gave  the  name  of  "  cumulative  detonation."  He  especially 
points  out  that  picric  acid  alone  contains  a  sufficient  amount  of  avail- 
able oxygen  to  render  it,  without  the  help  of  foreign  oxidising  agents, 
a  powerful  explosive  when  fired  by  a  detonator,  and  that  its  explosion 
is  almost  unaccompanied  by  smoke.  Sprengel  had  already  exploded  a 
mixture  of  picric  acid  with  nitric  acid  containing  15  per  cent,  of  water 
in  March,  1871,  at  the  powder  works  of  Messrs.  John  Hall  &  Sons 
at  Faversham.  It  is  true  that  a  caveat  covering  some  of  bis 
explosive  mixtures  had  been  deposited  on  January  9th,  1871,  at  the 
American  patent  office  by  Silas  E.  Divine,  but  as  its  contents  were 
only  disclosed  in  1885  {Chem.  News,  52,  271,  295),  this  secret  docu- 
ment can  in  no  way  jeopardise  Sprengel's  claim  and  merit  of  being  the 
first  inventor. 

Another  meritorious  invention  of  Sprengel  is  contained  in  his  patent 
of  1873,  which  refers  to  the  introduction  of  water  in  a  finely-divided 
spray  in  lieu  of  steam  in  sulphuric  acid  chambers.  The  introduction 
at  that  time  of  the  Glover  tower  gave  rise  to  the  fear  that  too  much 
heat  would  be  abstracted  to  make  the  use  of  water  feasible,  and  the 
water  spray  is  only  now  coming  into  more  general  use. 

The  above  are  the  more  important  of  Sprengel's  many  contributions 
to  science  and  practice.  Active  to  the  last,  he  had  only  recently 
lodged  an  application  for  a  patent  relating  to  the  production  of 
diamonds  at  high  temperatures. 

His  eminence  as  a  scientific  worker  was  recognised  by  his  election 
in  1878  to  the  Fellowship  of  the  Royal  Society,  and  this  distinction, 
as  well  as  the  title  of  Professor  bestowed  on  him  by  the  German 
Emperor,  was  a  solace  to  him  in  his  many  disappointments. 

Rudolph  Messel. 


GEORGE   BOWDLER  BUCKTON. 

Born  May  24th,  1818;  Died  Sept.  25th,  1905. 

Eldest  son  of  the  late  George  Buckton,  of  Oakfield,  Hornsey,  Middle- 
sex, who  was  Proctor  of  the  Prerogative  Court  of  Canterbury,  Doctors' 
Commons,  the  subject  of  this  memoir  was  privately  educated,  being 
debarred  from  entering  a  public  school  by  an  accident  in  boyhood 
which  crippled  him  for  life. 

Upon  the  death  of  his  father  he  removed  to  London  (Queen's  Gardens, 
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Hyde  Park),  and  in  the  year  1848  entered  the  Royal  College  of 
Chemistry,  Oxford  Street,  where  he  remained  nearly  seven  years,  and 
for  the  latter  part  of  the  time  acted  as  Research  Assistant  to  the 
Professor,  Dr.  A.  W.  Hofmann,  with  whom  eventually  he  published 
two  joint  papers,  entitled  "  Researches  on  the  Action  of  Sulphuric 
Acid  upon  the  Amides  and  Nitriles,  together  with  Remarks  upon  the 
conjugate  Sulpho-acids  "  (Proc.  Roy.  Hoc,  1854,  and  Trans.,  1856). 

Previous  to  this,  however,  he  was  engaged  in  studying  the  platinum 
bases,  which  formed  the  subject  of  three  papers  read  before  this 
Society,  namely : 

1852.  "  Deportment  of  Diplatosammino  with  Cyanogen." 

1853.  "Double  Chlorides  containing  Diplatosammonium." 

1855.  "The    Platino-torsulphocyanides   and     the    Platino-bisulpho- 

cyanides." 
Later  contributions,  also  in  his  own  name,  and  equally,  if  not  more, 
important,  were  : 

1857.  "On  the  Isolation  of  the  Radical  Mercuric-methyl"  {Proc. 
Roy.  Soc). 

1858.  "  Some  of  the  Products  of  Oxidation  of  Chinese  Wax " 
(Trans.). 

1 859.  "  Isolation  of  the  Orgauo-metals  :  Mercuric,  Stannic,  and 
Plumbic  Ethyls  "  {Phil.  Trans.). 

1861.   "On  Stib-ethyls  and  Stib-methyls  "  (Trans.). 

About  this  period  Buckton,  being  already  a  member  of  the  General 
Committee  of  the  British  Association,  attended  the  meeting  in 
Aberdeen,  1859,  where  he  read  a  paper  "On  Pentethyl-stibene  "  ;  and 
also  that  held  at  Cambridge,  1862,  for  which  he  pi-epared  a  com- 
munication entitled  "The  Formation  of  Organo-metallic  Radicals  by 
Substitution." 

In  1865  Buckton  published  the  last  of  his  chemical  papers,  this  time 
in  conjunction  with  Professor  Wm.  Odling,  "  Note  on  some  Aluminium 
Compounds  "  {Proc.  Roy.  Soc).  It  was  in  this  year  that  he  married 
Dr.  Odling's  sister  and  removed  to  Haslemere,  Surrey,  where  he  had 
purchased  the  estate  of  "Weycombe,  and  built  for  himself  a  house  after 
his  own  design  with  an  adjacent  astronomical  observatory.  Here  on 
the  slopes  of  Hindhead  he  resumed  his  study  of  entomology,  for  which  he 
had  shown  a  decided  taste  in  boyhood,  and  published  several  important 
works  and  monographs  on  that  subject. 

Buckton  was  elected  a  Fellow  of  this  Society  in  1852,  serving  for 
two  periods  in  the  Council,  1855-6  and  1865-6.  He  was  elected 
Fellow  of  the  Royal  Society  in  1857,  and  subsequently  became  a 
member  of  the  Linnean  and  Entomological  Societies.  He  continued 
to  a  certain  extent  his  chemical  studies  in  the  Surrey  home,  as  he  had 
a  good  laboratory,  and  gave  several  courses  of  elementary  lectures  to 
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the  young  people  of  the  neighbourhood.  He  was  interested  in 
astronomy,  photography,  electricity,  and  other  branches  of  science  ] 
making  for  himself  a  Wimshurst  machine,  and  sundry  telescopes,  grind- 
ing and  mounting  his  own  reflectors.  He  also  contributed  to  Nature  a 
a  few  practical  notes— 1885,  1887,  1892. 

It  is  a  matter  of  wonder  and  admiration  that  Buckton  accomplished 
so  much  under  great  phy.sical  disadvantages;  accentuated,  moreover, 
by  another  unfortunate  accident  which  happened  in  the  year  1882, 
when  he  broke  his  leg  in  attempting  to  close  the  roof  shutter  of  his 
astronomical  observatory.  He  found  time  to  give  his  attention 
to  local  affairs,  being  for  many  years  a  manager  of  the  National 
Schools,  of  numerous  flower-shows,  ttc,  only  resigning  active  partici- 
pation within  a  few  years  of  his  death.  He  was  also  a  good  musician 
and  an  excellent  artist,  painting  both  in  oils  and  water-colour;  these 
tastes  he  kept  up  until  the  very  end  of  his  life,  being  engaged  in 
water-colour  sketching  after  his  eighty-seventh  birthday.  His  genial 
character  and  engaging  manners  inspired  all  who  had  the  good 
fortune  to  become  acquainted  with  him.  The  family  motto,  "  Veritas," 
was  well  exemplified  in  his  case  throughout  a  long  and  well-spent 
life. 

His  cremated  I'emains  were  interred  in  Haslemere  Churchyard  on 
September  30th,  1905,  in  the  presence  of  the  members  of  his  family 
and  a  very  large  gathering  of  personal  friends.  He  leaves  a  widow, 
oue  son,  aod  five  daughters.  J.  Spiller. 
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LXI. — The  Hydrolysis   of  Amygdalin    by   Acids. 

By  RoBEiiT  J.  Caldwell,    B.Sc.   (Lond.),   Leather  sellers'   Company's 
Research  Fellow,  and  Stephen  Lewis  Courtauld,  B.A.  (Cantab.). 

The  discovery  that  amygdalin  may  be  resolved  into  a  molecule  of 
glucose  and  one  of  mandolonitiile  glucoside,  made  by  E.  Fischer  in 
1895  {Ber.,  28,  1508),  served  to  confirm  the  view  put  forward  by 
Hugo  Schilf  in  1870  {Annalen,  154,  337)  that  amygdalin  is 
derived  from  benzylidenecyanohydrol  and  a  biose.  Judging  from 
the  fact  that  the  hydrolysis  is  effected  by  an  exti'act  of  dried  brewer's 
yeast  (of  the  Frohberg  type),  Fischer  came  to  the  guarded  conclusion 
that  amygdalin  is  a  derivative  eitlier  of  maltose  or  of  a  quite  similarly 
constituted  diglucose.  The  tendency  has  been  to  overlook  Fischer's 
caveat,  in  spite  of  the  fact  that  amygdalin  is  rapidly  and  completely 
hydrolysed  by  emulsin,  which  is  without  action  on  maltose ;  indeed, 
Dunstan  and  Henry,  in  summarising  the  present  state  of  knowledge  of 
such  glucosides,  in  their  recent  British  Association  Report  {York,  1906) 
on  the  chemical  aspect  of  cyanogenesis  in  plants,  speak  of  amygdalin 
as  "probably  the  maltose  ether  of  benzaldehydecyanohydrin." 

We  have  undertaken  the  study  of  amygdalin  at  Professor  Arm- 
strong's request,  especially  on  account  of  its  abnormal  behaviour 
towards  enzymes.  The  action  of  acids  is  described  in  this  com- 
munication. 

It  was  first  pointed  out  by  Ludwig,  in  1856  (Jahresber.,  679),  that  the 
action  of  a  hot  dilute  solution  of  hydrogen  chloride  is  similar  to  that  of 
emulsin,  both  giving  rise  to  benzaldehyde,  hydrogen  cyanide,  and  glucose, 
some  formic  acid  being  also  produced  when  acid  is  used.  No  measure- 
ments of  the  rate  at  which  the  hydrolysis  is  effected  by  acid  have  been 
published  as  yet. 

The  method  we  have  adopted  is  that  which  was  used  by  one  of  us, 
in  conjunction  with  Dr.  E.  F.  Armstrong,  in  measuring  the  rate  at 
which  lactose  undergoes  hydrolysis  {Proc.  Roy.  >S'oc.,  1904,  73,  526). 
Using  a  normal  solution  of  hydrogen  chloride  it  w:is  found  tliat  the 
hydrolysis  took  place,  at  a  measurable  rate,  only  at  60°  and  above.  The 
use  of  stronger  acid  was  undesirable,  as  it  is  well  known  that  the  hot 
concentrated  acid  gives  rise  to  mandelic  acid  and  ammonia.  Our  experi- 
ments were  made  at  60"^  and  80'^. 

Not  only  were  polarimetric  readings  taken  but  the  amount  of  benz- 
aldehyde and  of  hydrogen  cyanide  produced  was  also  estimated  from 
time  to  time.  In  the  case  of  the  benzaldehyde,  apart  from  analytical 
errors,  only  the  earlier  values  are  trustworthy,  as  on  prolonged  heating 
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with  the  uormal  acid  tarry  products  are  formed.*  The  hydrogen 
cyanide  values  are  necessarily  low  (especially  at  the  higher  tempera- 
ture), some  of  the  hydrogen  cyanide  being  converted  into  formic  acid, 
as  noted  by  Ludwig.  It  should  be  stated  also  that  the  rotatory  power 
is  not  an  exact  measure  of  the  percentage  of  amygdalin  hydrolysed,  as 
no  allowance  can  be  made  for  intermediate  products.  An  attempt  was 
made  to  estimate  glucose  by  titrating  neutralised  samples  with  Pavy's 
solution  ;  it  was  found,  however,  that  (probably  as  a  consequence  of 
the  amygdalin  being  hydrolysed  by  the  boiling  alkali)  a  green  coloration 
was  developed  which  obscured  the  end  point. 

Hydrolysis  of  Amygdalin  hy  a  Solution  of  Hydrogen  Chloride. — In  all 
cases,  the  solution  used  contained  10  grams  of  amygdalin  and  3'65  grams 
of  hydrogen  chloride  per  100  c.c.  ;  this  solution  had  no  odour  of  benz- 
aldehyde  after  being  kept  during  a  week  at  room  temperature  ;  at 
38°,  the  rotatory  power  changed  from  -  7°0'  to  —  6°28'  in  the  course  of 
a  week,  some  benzaldehyde  being  liberated,  A  flask  containing  250  c.c, 
of  the  liquid  was  completely  immersed  in  a  thermostat  kept  at  60°  + 
0"1  ;  at  intervals,  samples  of  20  c.c.  were  withdrawn,  cooled,  filtered 
and  then  examined  polarimetrically  at  25°. 

In  estimating  benzaldehyde,  the  method  used  was  substantially  the 
same  as  that  described  by  Ripper  (Zeitsch.  anal.  Chem.,  1902,  41,  61), 
which  consists  in  distilling  the  aldehyde  by  means  of  steam  into  a 
known  amount  of  a  standardised  solution  of  sodium  bisulphite  and 
estimating  the  excess  of  bisulphite  with  standard  iodine  solution 
using  starch  as  indicator.  It  was  found  that  this  method  gives  results 
which  are  in  agreement  to  within  1  per  cent,  provided  the  distillate 
be  delivered  under  the  surface  of  the  bisulphite,  the  latter  being  kept 
cool  by  ice  or  circulating  water.  In  making  the  experiments,  care- 
fully measured  quantities  of  the  acid  solution,  enclosed  by  sealing  in 
thin  test-tubes,  were  heated  in  the  thermostat.  From  time  to  time 
these  were  removed ;  when  cold  they  were  broken  up  in  a  distilling 
flask,  together  with  some  water  and  sufficient  calcium  carbonate  to 
neutralise  the  acid.  The  whole  was  then  distilled  with  the  aid  of 
steam.  At  the  end  of  half  an  hour  the  circulating  water  was  shut  off 
fi'om  the  condenser  and  steam  was  passed  through  the  tube  for  a  few 
moments  to  remove  any  adhering  benzaldehyde.  Blank  experiments 
in  which  steam  was  passed  through  a  boiling  solution  of  amygdalin 
during  an  hour  proved  that  no  benzaldehyde  is  liberated  by  this 
operatic  n.t 

*  There  was  no  appreciable  loss  of  aldehyde  in  blank  experiments  in  which  benz- 
aldehyde was  heated  with  normal  acid  during  twenty-four  hours. 

t  When  these  estimations  were  originally  made,  we  did  not  sufficiently  recognise 
that  although  this  method  gives  satisfactory  results  with  benzaldehyde  alone,  the 
values  obtained  are  too  high  if  hydrogen  cyanide  is  also  present. 
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To  estimate  hydrogen  c}anide,  the  cooled  .samples  weie  washed  into 
a  flask  and  neutralised  with  standard  caustic  soda,  using  methyl-orange 
as  indicator ;  the  hydrogen  cyanide  was  then  determined  by  titration 
with  an  iV/100  solution  of"  silver  nitrate  in  slightly  alkaline  solution, 
following  Tiiebig's  directions. 

Law  of  Hydrolysis  of  Amygdalin. — As  the  hydrolysis  occurs  at  two 
points  in  the  molecule  which  are  considerably  removed  from  each 
other,  it  was  to  be  expected  that  the  less  stable  junction  of  most  of 
the  molecules  would  be  first  broken,  giving  an  intermediate  product 
which  would  undergo  hydrolysis  at  a  slower  rate.  Hence  it  was  not 
to  be  exijected  that  amygdalin  would  obey  the  simple  unimolecular 
law  unless  the  second  stage  in  the  hydx-olysis  were  incomparably  slower 
tlian  the  first.  As  a  matter  of  fact,  if  the  change  is  calculated  from 
the  rotatory  power,  assuming  it  to  be  a  simple  mass  action  (uni- 
molecular), the  value  deduced  exhibits  a  gradual  but  steady  diminu- 
tion, thus  showing  that  the  non-hydrolysed  material  becomes  increasingly 
stable ;  if,  however,  the  last  one-third  only  of  the  change  is  con- 
sidered, the  unimolecular  constant,  /C  is  a  satisfactory  expression  of  the 
I'ate  of  change,  because  at  this  stage  practically  all  the  amygdalin  is 
hydrolysed  and  only  the  intermediate  substance  is  undergoing  trans- 
formation. 

It  will  be  seen  on  reference  to  the  tables  that  the  estimated  per- 
centage of  benzaldehydo  as  well  as  that  of  hydrogen  cyanide  is  less  in 
the  early  stages  of  the  hydrolysis  than  the  percentage  change  in  the 
rotatory  power :  whence  it  follows  that  the  biose  junction  in  amygdalin 
is  more  susceptible  of  attack  than  the  mandelonitrile  glucoside  junc- 
tion ;  in  other  words,  the  intermediate  products  are  mainly,  if  not 
wholly,  glucose  and  mandelonitrile  glucoside.  The  constant,  K^,  ob- 
tained for  the  last  third  of  the  change,  therefore,  expresses  the  rate  at 


Table  I. 

Hydrolysis  of  amygdalin  at  60°, 

Time 

Hydrogen 

Benz- 

Percentage 

in 

cyanide 

aldehyde 

change  in 

hours. 

per  cent. 

per  cent. 

Ou. 

rotatory  power. 

K,. 

K^. 

0 

— 

0-0 

-7°0' 

00 

— 

— 

24 

. — 

15-3 

43 

20-5 

0-00414 

— 

48 

— 

29-1 

1  40 

37-0 

0-00418 

— 

72 

— 

39-4 

+  0  19 

50-8 

0-00427 

— 

96 

— 

47-5 

1  45 

60-7 

0-00422 

— . 

120 

44-2 

46-5 

2  49 

681 

0-00413 

— 

144 

46-4 

51-3 

3  36 

73-5 

0-00401 

0-00338 

168 

51-2 

— 

4  14 

77-9 

0-00391 

0-00333 

192 

54-8 

— 

4  48 

81-7 

000386 

0-00340 

217 

5  16 
+  7  25  ( 

85-2 
3alc. ) 

0-00381 
Mean 

0-00341 

QO 

.     0-00338 

k 
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Time 

in 
hours. 

0 

2 

4 

6 

8 

10 
12 
14 
It) 


Hydrogen 

cyanide 

per  cent. 

0-0 

14-2 

261 

36-3 

46-0 

52-6 

58-8 

62-4 

65  "5 

(48-2) 


Table  II. 
Hydrolysis  of  amygdalin  at  80° 


Benz- 

aldehyde 

per  cent. 

0-0 

40-9 
53-5 
60-7 
68-3 

(69-0) 
(70-8) 
(60-2) 


Percentage 

changr^  in 

rotatory  power. 


-TQ' 

35 

0  0 
+  2  13 

3  37 

4  39 

5  20 

5  53 

6  17 

+  7  25  (calc.) 


85 


92 


0638 
•0722 
•0738 
•0724 
•0717 
•0702 
•0695 
•0654 


0^0681 
0^0684 
0  0662 
0-0663 
0-0662 


Mean 0-0670 


which  Fischer's  glucoside  underwent  hydrolysis  under  the  conditions 
of  our  experiments.  Proof  that  this  argument  is  a  valid  one  would 
be  given  if  it  were  possible  to  isolate  Fischer's  mandelonitrile  gluco- 
side by  stopping  the  hydrolysis  when  half-way  through  ;  we  have,  in 
fact,  succeeded  in  so  doing. 

Two  experiments  only  are  recorded  in  Tables  I  and  II,  these  being 
selected  as  the  most  complete  series  of  observations  at  each  tempera- 
ture. It  will  be  observed  that  in  calculating  the  values  of  K^  and  K^ 
the  theoretical  final  rotatory  power  is  used,  although  this  could  never 
be  attained  in  practice,  as  the  prolonged  action  of  the  normal 
acid  on  glucose  at  60°  gives  rise  to  secondary  changes  which  are 
attended  with  diminution  in  rotatory  power. 

Influence  of  Temperature. — The  mean  values  of  K^,  representing  the 
velocity  at  which  the  hydrolysis  of  Fischer's  glucoside  takes  place  at 
60°  and  80°,  are  0-00338  and  0-067  respectively. 

Assuming  van't  Hoff's  exponential  eqtiation, 

pt,^pt^e^     V2 
to  hold  good  for  mandelonitrile  glucoside,  the  value  of  "  q  "   (the  heat 
of  formation  of  the  "  active  part,"   according   to  Arrhenius,    Zeitsch. 
physikal.  Chem.,  1889,  4,  226)  is  35,200  calories,  as  compared  with  the 
value  34,200  calories  for  maltose  with  the  same  strength  of  acid. 

Comparison  of  Amygdalin  with  Maltose. — Although  the  temperature 
coefficients  in  the  case  of  the  hydrolysis  of  amygdalin,  as  well  as  of 
Fischer's  glucoside  and  of  maltose,  are  so  very  closely  allied, yet  the  actual 
velocities  in  the  case  of  amygdalin  and  of  maltose  differ  very  widely. 
Experiments  made  by  Armstrong  and  Caldwell  in  1904  gave  the  valtie 
0-000449  for  maltose  at  60'1°,   using  a  normal  solution  of  hydrogen 
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chloride.  This  value,  being  expressed  in  "  minute  "  units,  must  be  multi- 
plied by  60  to  make  it  comparable  with  the  figures  in  Tables  I  and  II. 
The  constant  lor  maltose  is  thus  seen  to  be  0  0269  at  60"  1°.  Now  the 
initial  value  of  K^  in  Table  I,  representing  the  velocity  at  which  the 
hydrolysis^of  the  amygdalin-biose  takes  place,  is  00041 4  ;  that  is,  the 
biose  radicle  in  amygdalin  is  at  least  six  times  as  stable  towards  acids 
as  is  maltose.  This  difference  is  so  large  that  it  cannot  well  be 
attributed  to  an  inhibiting  influence  exerted  by  the  mandelonitrile 
group  :  it  must  be  taken  as  very  strong  presumptive  evidence  that 
amygdalin  is  not  a  maltoside  but  a  derivative  of  one  of  the  seven 
theoretically  possible  isomerides  of  that  disaccharide. 

Action  of  Emulsin  on  Amygdalin. — It  was  found  as  a  mean  of  many 
experiments  that  an  extract  of  O'l  gram  of  Merck's  emulsin  made  up 
in  100  c.c.  of  a  10  per  cent,  solution  of  amygdalin  produced  hydrolysis 
to  the  extent  of  GO  per  cent,  in  eighteen  hours,  as  measured  by 
the  benzaldehyde  produced.  We  estimate  that  normal  acid  at 
the  same  temperature  would  act  at  about  1 /700th  of  this  rate,  so 
that,  weight  for  weight,  Merck's  emulsin  is  at  least  25,000  times  as 
active  as  hydrogen  chloride.  It  is  difficult  to  reconcile  this  result  with 
the  statement  made  by  Tammann  {Zeitsck.  physikal.  Chem.,  1889,  3,  25) 
that  amygdalin  is  incompletely  hydrolysed  by  emulsin.  Tammann's 
conclusion,  however,  was  based  only  upon  estimations  of  the  amount 
of  hydrogen  cyanide  which  was  liberated. 

Experiments  made  with  active  emulsin  extracts  show  that  hydrolysis 
may  be  readily  effected  to  the  extent  of  95  6  per  cent.,  96*8  per  cent., 
»fcc. ,  in  the  course  of  twenty-four  hours.  In  one  case,  0'2  gram  of  emulsin 
in  100  c.c.  of  a  10  per  cent,  solution  of  amygdalin  produced  hydro- 
lysis to  the  extent  of  98' 2  per  cent,  in  ninety  hours,  as  measured  by 
the  change  in  rotatory  power ;  in  another  experiment,  in  which  half  as 
much  emulsin  was  vised,  after  sixty-seven  hours,  98"5  per  cent,  of  the 
total  benzaldehyde  was  liberated  but  only  86 "1  per  cent,  of  the  calcu- 
lated amount  of  hydrogen  cyanide  could  be  detected  ;  in  fact,  estima- 
tions of  the  amount  of  cyanide  liberated  always  gave  a  lower  figure 
than  estimations  of  rotatory  power  or  of  benzaldehyde.  Hence 
Tammann's  conclusion  that  amygdalin  is  not  completely  hydrolysed  by 
emulsin,  based  upon  his  measurements  of  the  amount  of  hydrogen 
cyanide  produced,  must  be  regarded  as  erroneous. 

Incidentally,  it  may  be  noted  that  as  the  method  adopted  hitherto 
in  determining  the  amount  of  a  cyanogenetic  glucoside  in  a  plant  is 
based  upon  the  amount  of  hydrogen  cyanide  which  is  liberated,  the 
estimate  of  the  amount  of  glucoside  present  usually  arrived  at  must 
be  low. 

Preparation  of  Fischer's  Glucoside  by  means  of  Acid. — -Fifty  grams  of 
amygdalin  were  dissolved  and  tnade  up  with  250  c.c.  of  a  2xV-solution  of 
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hydrogen  chloride  to  500  c.c.  This  solution  was  heated  in  a  thermostat  at 
60°  during  seventy-two  hours  and  then  cooled.  The  acid  was  for  the 
most  part  removed  by  means  of  lead  carbonate  (110  grams)  and 
finally  with  silver  carbonate.  The  colourless  solution  was  evaporated 
down  to  a  thin  syrup  under  reduced  pressure  at  60°  and  extracted  five 
times  with  twice  its  volume  of  boiling  ethyl  acetate.  On  concentrating 
the  ethyl  acetate  solution,  the  bitter  glucoside  (about  8  grams)  slowly 
crystallised  in  rosettes.  When  recrystallised  twice  from  dry  eth}'l 
acetate,  the  product  melted  at  147 — 150°.  A  mixture  of  mandelo- 
nitrile  glucoside,  prepared  according  to  Fischer's  directions  by  means  of 
yeast  extract,  melting  at  144°,  with  the  more  nearly  pure  glucoside 
prepared  by  the  acid  method,  melted  at  144°.  The  specific  rotatory 
power  of  our  product  was  -  26*5°  at  20°,  the  value  given  by  Fischer 
being  -26" 9°;  benzaldehyde  and  hydrogen  cyanide  were  at  once 
liberated  on  digesting  our  glucoside  with  emulsin. 

Several  large  crystals  were  obtained  with  ill-defined  ends  which 
permitted  of  measurements  being  made  round  one  zone.  The  principal 
faces  weie  at  right  angles,  showing  the  substance  to  be  probably 
orthorhombic,  a  conclusion  confirmed  by  the  appearance  in  polarised 
light. 

Chemical  Department, 

City  axd  Guilds  of  London  Institute, 

Central  Tecunical  College,  South  Kensington. 


LX[I. — Mandelonitrile.  Glucosides.     PtulaiLvasin. 

By  Egbert  J.    Caldwell,   B.Sc.  (Lond.),  Leathersellers'  Company's 
Research  Fellow,  and  Stephen  Lewis  Courtauld,  B.A.  (Cantab.). 

Having  obtained  Fischer's  mandelonitrile  glucoside  from  amygdalin  in 
the  manner  described  in  the  preceding  paper  it  appeared  to  be  desirable 
to  ascertain  whether  it  should  be  regarded  as  the  glucoside  corre- 
sponding to  amygdalin  or  as  a  mixtui-e  of  stereoisomerides  corresponding 
to  the  tsoamygdalin  into  which  amygdalin  is  converted  by  alkali 
(Dakin,  Trans.,  1904,  85,  1512)  and  which  is  also  formed  from  it  by 
the  action  of  strong  hydrochloric  acid.  It  was  found  that  the  addition 
of  a  mere  trace  of  baryta  conditioned  an  immediate  and  rapid  altera- 
tion of  the  rotatory  power,  the  lievorotation  becoming  almost  doubled 
without  change  of  sign.  There  was  no  evidence  of  hydrolysis  ;  but  the 
glucoside  could  no  longer  be  isolated  in  the  crystalline  condition,  either 
by  concentrating  the  solution  or  by  extracting  with  ethyl  acetate. 

Y  Y  2 
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In  his  original  description  of  mandelonitrile  glucoside,  Emil  Fischer 
{Ber.,  1895,  28,  1508)  states  that  he  proposed  to  "attempt  to  isolate 
it  fi'om  the  obviously  impure  preparation  which  has  been  described 
under  the  name  of  *  amorphous  amygdalin  '  or  '  laurocerasin.'  "  Now 
laurocerasin  has  been  obtained  recently  in  the  crystalline  condition  by 
H6rissey  {Compt.  rend.,  1905,  141,  959 ;  J.  Fharm.  Chim.,  1906, 
[vi],  24,  537),  and  renamed  by  him  Prulaurasin  ;  it  has  a  higher 
rotatory  power  than  Fischer's  glucoside.  Moreover,  a  third  isomeric 
form  of  mandelonitrile  glucoside  {Savihunigrin)  has  been  separated  by 
Bourquelot  and  Danjou  (Compt.  rend.,  1905,  141,  598)  from  the  leaves 
of  the  common  elder  (Sambucus  niger) ;  this  substance  has  the  same 
melting  point  as  Fischer's  glucoside  but  higher  rotatory  power  even 
than  Herissey's  prulaurasin  from  laurel  leaves.* 

Amygdalin  has  been  isolated  from  bitter  almonds,  peach  kernels, 
cherry-laurel  kernels,  plum  stones,  and  the  fruit  kernel  of  the  bird 
cherry ;  it  is  noteworthy,  however,  that  all  attempts  to  obtain  it  from 
the  leaves  of  these  plants  and  from  many  other  leaves  which  yield 
hydrogen  cyanide  on  distillation  with  water  have  ended  in  the  produc- 
tion of  an  uncrystallisable  syrup  only  slightly  soluble  in  ethyl  acetate 
but  giving  with  emulsin  the  same  products  as  amygdalin.  To  this 
substance  the  name  "  amorphous  amygilin  "  was  applied  by  "Winckler. 
Lehmann,  who  analysed  such  a  substance,  gave  to  it  the  formula 
CggHg^OggN  and  proposed  to  call  it  "  laurocerasin,"  supposing  it  to 
be  a  deBnite  compound  of  amygdalin  and  amygdalinic  acid.  From 
results  which  he  has  recently  obtained  with  material  prepared  carefully 
from  the  bark  of  Prunus  padus  and  from  cherry-laurel  leaves,  Jouck 
has  deduced  the  formulae  CjoHqq02iN  or  C^jHgoOgiN.  The  work  of 
Schoonbrodt,  who  in  1868  obtained  a  small  proportion  of  bitter  acicular 
crystals  from  amoi'phous  amygdalin  by  the  use  of  alcoholic  ether, 
appears  to  have  been  generally  overlooked  ;  this  substance  was  doubt- 
less the  same  as  that  recently  isolated  by  Herissey  with  so  much  skill 
from  the  same  source,  namely,  laurel  leaves. 

In  the  case  of  elder  leaves,  the  glucoside  is  not  accompanied  by  the 
enzyme  necessary  to  effect  its  decomposition,  so  that  the  presence  of 
hydrogen  cyanide  in  this  plant  had  been  overlooked ;  as  a  matter  of 
fact,  the  cyanogenetic  glucoside  '"  sambunigrin  "  was  obtained  without 
difficulty,  when  once  its  presence  had  been  demonstrated,  by  Bourquelot 
and  Danjou. 

The  properties  of  the  three  isomeric  glucosides  are  set  out  in  the 
following  table  : 

*  The  production  of  hydrogen  cyanide  from  a  plant  was  long  held  to  be  an 
indication  of  the  presence  of  amygdalin. 
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[a\.  M.  p. 
Mandelonitrile  glucoside 

(Fischer) -26-9  147—150° 

Pralaurasin    -527  120—122 

Sambunigrin -76-3  151—152 


Crystallises  readily  from  hot 
ethyl  acetate. 

Hygroscopic,  obtained  crys- 
talline with  difficulty. 

Crystallises  readily  from  hot 
ethyl  acetate. 


Dunstan  and  Henry  speak  of  them  in  their  Report  (York,  1906) 
to  the  British  Association  in  the  following  terms  : 

"If  it  may  be  assumed  that  they  are  different — and  the  evidence 
on  this  point  is  not  as  conclusive  as  is  desii'able,  having  regard  to  the 
difficulty  of  isolating  these  glucosides  in  a  pure  state  from  plants — the 
differences  between  them  probably  lie  in  the  nature  of  the  sugar 
residue  and  it  is  desirable  that  the  sugars  produced  from  them  on 
hydrolysis  should  be  carefully  examined."  They  have  since  (Bull.  Imp. 
Inst.,  1906,  4,  340)  suggested  that  "possibly  two  or  perhaps  all  of 
them  may  prove  to  be  identical.'' 

There  can  be  no  doubt  that  they  are  definite  isomeric  substances. 
As  they  are  readily  attacked  by  emulsin,  giving  benzaldehyde, 
hydrogen  cyanide  and  glucose,  it  is  evident  that  they  are  all  com- 
pounds of  the  ^-glucoside  type  and  that  the  isomerism  is  not  of  the 
order  which  obtains  between  the  a-  and  ^-methylglucosides. 

Prulaiirasin,  in  fact,  is  entirely  analogous  to  woamygdalin ;  it  is  a 
mixture  of  the  two  stereoisomeric  d-  and  ^-mandelonitrile  ;8-glucosides. 
Sambunigrin  must  be  the  y8-glucoside  of  dextromandelic  acid.  The 
"  mixed  "  derivative  has  a  lower  melting  point ;  moreover,  its  rotatory 
power,  as  Hc'rissey  has  pointed  out,  is  the  mean  of  the  rotatory  powers 
of  the  other  two  glucosides.  In  the  case  of  the  biose  derivatives,  the 
dextromandelic  acid  modification  is  at  present  unknown,  but  a  com- 
parison of  the  properties  of  amygdalin  with  those  of  isoamygdalin 
shows  that  strict  parallelism  exists  between  the  latter  and 
prulaurasin  : 

[a]o.  M.  p. 

Amygdalin -35"51  200' 

(trihydrate) 
MoAmygdalin 

(dihydrate)    


May  be  crystallised  from  an 
aqueous  solution. 


-47-6        125—140° 


Hygroscopic,  will  not  crystal- 
lise from  water. 


Preparation  of  Prulaurasin. — When  Isevomandelonitrile  glucoside  is 
dissolved  in  water  and  the  solution  is  rendered  very  slightly  alkaline 
with  baryta  or  ammonia,  the  rotatory  power  falls  rapidly  from 
[ajo  -26"0°to  [ajo  -53"7°;  the  latter  is  approximately  the  rotatory 
power  of  prulaurasin  given  by  Herissey.  The  conver.*ioa  takes  place 
with  the  utmost  readiness  at  25°,  following  the  unimolecular  law  ; 
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Time  in 

minutes. 

a„. 

0 

-  3=53' 

— 

9 

4  11 

(576) 

35 

4  3.5 

660 

Gf. 

4  .53 

678 

80 

4  .57 

631 

110 

.5  8 

688 

w  .5  22  — 

Five  grams  of  Fischer's  glucoside  were  dissolved  in  N/500  baryta ; 
after  six  hours,  when  tlie  rotatory  power  was  constant  at  [a]i,-53'7°, 
the  solution  was  saturated  with  carbon  dioxide  and  filtered.  The  liquid 
was  then  evaporated  at  60°  under  reduced  pressure  and  the  residue  was 
dried  in  a  good  vacuum  at  lOP.  The  powdered  material  dis.solved 
with  difficulty  in  boiling  anhydrous  ethyl  acetate,  from  which  it  was 
precipitated  as  a  syrup  by  dry  ether.  This  syrup  crystallised  slowly 
during  the  cold  weather.  The  white  solid  thus  obtained  was  more 
readily  soluble  in  dry  ethyl  acetate  than  the  original  substance;  it  was 
again  precipitated  by  dry  ether  and  allowed  to  cry.stallise.  The  re- 
crystallised  glucoside  was  washed  with  the  mixture  of  solvents,  then 
with  dry  ether  and  dried  in  a  vacuum  over  sulphuric  acid.  When  pre- 
pared in  this  way,  prulaurasin  softens  at  120'^  and  melts  at  123 — 125°. 
We  are  greatly  indebted  to  M.  Herissey  for  having  placed  at  our  disposal 
a  small  quantity  of  the  glucoside  obtained  from  Prunus  laurocerasus, 
which  has  enabled  us  to  satisfy  ourselves  that  this  material  is  indis- 
tingviishable  from  the  product  made  in  the  manner  described  from 
amygdalin.  On  mixing  M.  Herissey's  sample — which  softened  at 
115°  and  melted  at  118  — 120° — with  ours,  a  mixture  was  obtained 
which  melted  at  116 — 120°.  In  grinding  together  the  two  specimens 
for  melting  point  determinations,  it  Avas  found  necessary  to  exclude 
moisture  by  covering  the  material  with  dry  ether,  which  was  after- 
wards evaporated  off  in  a  vacuum.  We  have  also  prepared 
prulaurasin  from  Fischer's  glucoside  by  the  use  of  ammonia  instead 
of  baryta. 

It  is  evident  that  Herissey's  product  was  not  quite  free  from  water, 
the  value  he  gives  for  the  rotatory  power  being  slightly  lower  than 
ours,  as  is  also  the  melting  point.  The  analyses  given  by  Hdrissey  also 
point  to  the  presence  of  a  little  water  in  the  glucoside. 

The  glucosides  derived  from  racemic  mandelonitrile  are  also  further 
distinguished  from  the  Ijevomandelonitrile  derivatives  by  the  properties 
of  their  acetyl  derivatives,  which  are  readily  obtained  with  the  aid  of 
acetic  anhydride.  Amygdalin  and  isoamygdalin  give  bepta-acetyl 
derivatives ;  Ijevomandelonitrile  glucoside  and  prulaurasin  i;ive  tetra- 
a?etyl  derivatives.  The  acetylated  mixed  pi^oduct  in  each  case  has  the 
greater  solubility  in  alcohol  .and  the  lower  melting  point : 
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Hepta-acetylamygdalin .". . . 
Hepta-acetyh'soamygdalin 


Tetra-acetyl-  Fischer's 
glucoside 


167" 


148 


136 


Tetra-acetylprulaurasin     ...       120 — 123° 


(5  pe7'  cent. 

solution  in 

ethyl  acetate). 

-34-8° 


35-5 


-21-7 


Character. 

Orthorhombic  needles  spar- 
ingly soluble  in  cold 
alcohol. 

Orthorhombic,  soft  needles 
somewhat  soluble  in  cold 
alcohol. 

Orthorhombic,  very  fine, 
long  needles,  moderately 
soluble  in  cold  alcohol. 

Orthorhombic  needles,  ex- 
tremely soluble  in  cold 
alcohol. 


Hepta-acetylamygdalin. — This  compound  was  prepared  by  Schiff 
(Annalen,  1870,  154,  337),  who  omitted  to  state  its  melting  point  or 
its  rotatory  power.  It  is  possible  to  effect  complete  acetylation  of 
amygdalin  by  means  of  boiling  acetic  anhydride  without  the  mandelo- 
nitrile  radicle  undergoing  change;  the  product  obtained  from  iso- 
amygdalin  by  the  same  pi^ocess  is  quite  a  distinct  substance.  Ordinary 
hydrated  amygdalin  is  completely  acetylated  by  boiling  it  during  two 
hours  with  ten  times  its  weight  of  acetic  anhydride.  The  oil  which  is 
precipitated  on  pouring  the  cooled  liquid  into  water  solidifies  quickly 
and  when  dried  is  readily  purified  by  crystallisation  from  hot  ethyl 
alcohol  (95  per  cent.).  It  crystallises  in  rosettes  of  colourless  needles, 
which  show  extinctions  parallel  to  the  long  edges  and  hence  are 
probably  orthorhombic.  It  is  readily  soluble  in  ethyl  acetate  or 
chloroform  but  very  sparingly  so  in  cold  alcohol.  It  is  not  acted  on 
by  emulsin  : 

0-2073  gave  0-4089  CO2  and  0-1021  H.O.     C  =  54-12;  H  =  5-47. 


0-2082 


0-4151  CO, 


0-1028H^O.     0  =  54-35;  H  =5-49. 


Cg^H^j^OjgN  requires  C  =  54-33  ;  H  =  5-46  per  cent. 

Hepta-acetylisoainygdalin  crystallises  in  small,  soft  rosettes  melting 
at  148'^,  which  show  parallel  extinctions  and  are  therefore  orthorhombic. 
It  is  readily  soluble  in  chloroform  or  ethyl  acetate,  and  sparingly  so  in 
cold  alcohol.  This  substance  has  a  specific  rotatory  power  which  is 
very  near  to  that  of  hepta-acetylamygdalin  itself,  but  it  is  more 
soluble  in  alcohol ;  a  mixtui^e  of  the  two  substances  melted  at 
141—144°: 


0-2086  gave  0-4163  CO.,  and  0-1036  H^O, 


0-2052 


0-4081  CO., 


0-1012  HgO. 


C  =  54-42;  H  =  5-52. 
C  =  54-24;  H  =  5-48. 


Cg^H^^OjgN  requires  C  =  54-33  ;  H  =  5-46  per  cent. 
Tetra-acetylA-mandelonitrile     glucoside,    when    recrystallised    from 
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alcohol,  forms  a  mass  of  very  fine,   soft  needles,  which   show  parallel 
extinctions  and  are  therefore  orthorhombic  : 

0-2171  gave  0-4506  CO2  and  0-1046  H2O.     C  =  56-60;  H  =  5-36. 

0-2055     „     0-4289  CO2   „     O'lOOO  HgO.     C  =  56-92 ;  H  =  5-41. 
CgoHggOjQN  requires  C  =  57-02;  H=5-40  per  cent. 

Tetra-acetylprulaurasin. — To  prepare  this  compound,  the  crude 
material  obtained  by  evaporating  down  an  aqueous  solution  of  the 
glucoside  in  a  vacuum  was  dissolved  in  twenty  times  its  weight  of 
boiling  acetic  anhydride  ;  after  boiling  the  liquid  during  three  hours, 
it  was  poured  into  water ;  an  oil  separated  which  solidified  only  after 
several  days  at  a  low  temperature.  The  solidified  acetyl  compound 
dissolved  with  great  readiness  in  benzene,  chloroform,  ethyl  acetate, 
methyl  acetate,  acetone,  or  alcohol,  but  not  in  light  petroleum.  It 
could  only  be  obtained  crystalline  by  cooling  a  strong  solution  in 
alcohol  to  about  —  5°  ;  very  small  needles  showing  a  parallel  extinction 
were  then  obtained  : 

0-1907  gave  0-3988  CO2  and  0-0886  HoO.     C- 57-03;  H  =  5-16. 
C22H2JO10N  requires  C  =  57-02;  H  =  5-40  per  cent. 

Inasmuch  as  sambunigrin  is  probably  a  single  substance  like 
Fischer's  glncoside,  the  fact  that  it  occurs  alone  in  certain  plants 
whilst  a  mixture  of  the  two  isomeric  glucosides  is  met  with  in  others 
raises  interesting  questions.  Benzylidene  cyanohydrol,  formed  by  the 
coalescence  of  benzaldehyde  and  hydrogen  cyanide,  being  a  mixture  of 
stereoisomerides,  it  is  rather  to  be  expected  that  the  two  glucosides 
should  occur  together;  from  this  point  of  view,  prulaurasin  is  a 
normal  product  and  the  appearance  of  sambunigrin  alone  is  somewhat 
remarkable ;  the  latter  is  also  a  remarkable  substance  as  it  does  not 
correspond  to  amygdalin  and  because  no  corresponding  bioside  is  known. 
Amygdaliii  is  not  known  to  occur  in  leaves  but  only  in  the  fruits  and 
kernels  ;  it  is  not  improbable  tliat  its  isomeride  may  be  met  with  in  the 
fruits  of  plants  the  leaves  of  which  contain  sambunigrin  ;  it  should  have 
a  higher  laevorotatory  power,  [a  ]d  -  60°,  approximately. 

Our  best  thanks  are  due  to  Professor  H.  E.  Armstrong  for  most 
valuable  criticism  and  advice. 

Chemical  Department, 

City  and  Guilds  of  London  Institute, 

Central  Technical  College,  South  Kensington. 
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LXIII. — Tlie  Interaction  of  Ammonium   Salts  and  the 
Constituents  of  the  Soil. 

By  Alfred  Daniel  Hall,  M.A.,  and  Conrad  Theodore  Gimingham. 

It  has  been  observed  that  the  application  of  neutral  ammonium  salts, 
such  as  the  sulphate  and  the  chloride,  to  soils  has  resulted  in  the  pro- 
duction of  an  acid  reaction.  In  the  field  this  was  first  noticed  on  the 
experimental  plots  of  the  Royal  Agricultural  Society  at  Woburn, 
where  the  soil  is  sandy  and  deficient  in  calcium  carbonate ;  the  applica- 
tion of  200  lb.  per  acre  of  ammonium  sulphate  and  chloride  in  mixture 
every  year  for  about  twenty-five  years  brought  the  soil  into  such  an 
acid  condition  that  it  reddens  blue  litmus  paper  and  will  no  longer 
allow  of  the  growth  of  barley  (see  Voelcker, /.  Roy.  Agric.  Soc,  1899, 
60,  515,  and  1901,  62,  286).  A  similar  acid  reaction  is  found  upon 
some  of  the  permanent  grass  plots  at  Rothamsted,  where  still  larger 
amounts  of  ammonium  salts  have  been  used  for  a  longer  period,  but  the 
arable  plots  at  Rothamsted  show  no  such  acidity,  because  of  the  con- 
siderable proportion  of  calcium  carbonate  contained  in  their  soil.  From 
time  to  time  various  observers  have  noted  an  acid  reaction  pi'oducedin 
the  laboratory  when  soil  is  treated  with  a  neutral  solution  of  an 
ammonium  salt,  but  this  is  only  true  of  a  few  soils,  and  is  due  to  the 
formation  and  subsequent  hydrolysis  of  feri'ic  and  aluminium  salts 
(Veitch,  J.Amer.  Ghem.  Soc,  1904,  26,  637). 

In  the  course  of  an  investigation  into  some  of  the  effects  brought 
about  by  this  acidity  the  action  of  dilute  solutions  of  ammonium  salts 
on  the  various  constituents  of  a  normal  soil  was  examined  in  some 
detail  and  the  present  paper  deals  with  that  part  of  the  work.  The 
first  examination  of  the  action  of  ammonium  salts  on  the  soil  is  due 
to  Way  (/,  Roy.  Agric.  Soc,  [i],  11,  323  ;  13,  123),  who  showed  that 
a  double  decomposition  takes  place,  ammonium  being  withdi-awn  from 
solution  and  an  equivalent  amount  of  calcium,  magnesium,  potassium,  or 
sodium  passing  into  solution.  Other  investigators  (see  A.  Voelcker, 
J.  Roy.  Agric.  Soc,  [i],  1860,  21,  105  ;  Warington,  Trans.,  1868,  21 ; 
Van  Bemmelen,  Zeitsch.  physikal.  Ghem.,  1895,  18,  331  ;  Armsby, 
Amer.  J.  Sci.,  1877,  [iii],  14,  75)  have  extended  Way's  observations 
and  determined  quantitative  relations  between  the  amounts  of  soil 
and  the  ammonium  absorbed.  In  the  general  process  by  which  the 
soil  absorbs  ammonium  salts,  none  of  which  washes  through  the  soil 
into  the  drainage  water  under  normal  conditions,  there  is  also  some 
reaction  with  the  calcium  carbonate  in  the  soil  with  the  production  of 
ammonium  carbonate  and  calcium  salts,  but  the  comparative  magnitude 


678  HALL   AND   GIMINGHAM  :    THE    INTERACTION    0^^ 

of  the   two  reactions  with   tlie  clay  and  the  calcium  carbonate  has 
remained  doubtful. 

The  authors  have  not  used  soil  in  their  investigations,  but  have 
taken  its  proximate  constituents  separately,  namely,  sand,  clay, 
humus,  and  calcium  carbonate.  The  trials  with  sand  and  with  silica  of 
various  origin  may  be  dismissed  at  once  since  no  action  could  be 
detected.  For  the  experiments  with  clay  a  fine  modelling  clay  of 
a  light  grey  colour  was  used,  showing  in  the  dry  state  the  following 
composition  : 

AI2O3,  20-46  ;  Fe^Og,  104  ;  (JaO,  0-20  ;  MgO,  0-17  ;  K,0,  1-67  ;  Na.,0, 
1*03;  SiOo,  6870;  constitutional  water,  5-57;  moisture  lost  at  100°, 
0-82  ;  total  99-66. 

It  is  clear  that  the  clay  contains  a  considerable  proportion  of  finely- 
divided  silica ;  the  alumina  present  would  only  be  equivalent  to  about 
51  per  cent,  of  kaolinite  in  the  whole.  It  was  dried  and  powdered,  so 
that  from  the  bulk  an  equal  sample  could  be  taken  for  each  experiment. 
As  a  rule  100  grams  of  dry  clay  were  placed  in  an  Ei-lenmeyer  flask 
witli  ^300  c.c.  of  the  solution  of  ammonium  salt  and  the  mixture  shaken 
for  twenty  hours  in  an  end-over-end  revolving  shaker.  It  was  found 
that  in  this  period  of  twenty  hours  the  action  was  completed,  indeed  it 
probably  takes  place  with  considerable  rapidity.  After  shaking,  the 
mixture  was  filtered  and  an  aliquot  portion  of  the  clear  liquid  taken 
for  estimation  of  the  ammonia  by  distillation  with  soda  and  titration. 

The  following  facts  were  observed  : 

(1)  No  production  of  free  acid  could  be  detected  ;  the  reaction  of  the 
salt  solution  was  determined,  using  iV/lOO  acid  or  alkali  and  methyl- 
orange  or  phenolphthalein  as  indicatoi's,  both  before  and  after  shaking 
with  the  clay,  but  no  change  was  found.  As  it  seemed  possible  that 
free  acid  might  arise  through  hydrolysis  of  the  ammonium  salt  followed 
by  evaporation  of  the  ammonia,  other  experiments  were  tried  in  which 
the  salt  solution  was  allowed  to  evaporate  spontaneously  in  contact 
with  the  clay,  or  was  placed  with  the  clay  in  a  gas  washing  bottle 
through  which  a  rapid  stream  of  ammonia-free  air  was  passed  for  three 
days,  but  in  neither  case  was  there  a  measurable  development  of  free 
acid  or  any  loss  of  ammonia. 

In  another  experiment  the  air  was  replaced  by  carbon  dioxide,  but 
with  a  similar  negative  result. 

(2)  There  is  no  withdrawal  of  the  acid  radicle  from  solution.  Deter- 
minations were  made  of  the  chlorine  in  the  solution  before  and  after 
shaking  with  the  clay,  but  no  change  could  be  estimated.  Similarly, 
when  ammonium  sulphate  was  used  determinations  of  the  sulphuric 
acid  in  solution  before  and  after  shaking  showed  no  withdrawal  of 
sulphuric  acid.     This  agrees  with  the  observations  of  previous  workers. 
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Since  there  is  no  change  of  reaction  and  no  withdrawal  of  the  acid 
radicle  from  solution,  it  follows  that  theie  is  no  "  adsorption "  or 
"  laking  out "  of  the  salt  as  a  whole,  at  any  rate  not  in  quantities 
appreciable  by  ordinary  gravimetric  methods.  In  another  connexion 
in  the  Rothamsted  laboratory  measurements  were  made  of  the  con- 
ductivity of  very  dilute  solutions  of  ammonium  salts  before  and  after 
adding  a  small  amount  of  clay ;  no  change  in  the  conductivity  of  the 
solution  occurs  such  as  would  be  found  if  an  appreciable  amount  of  the 
salt  were  withdrawn  from  solution. 

It  follows  then  that  the  reaction  of  the  ammonium  salts  on  the  clay 
must  be  purely  one  of  double  decomposition,  and  by  qualitative 
analysis  calcium,  magnesium,  and  potassium  were  found  in  the  final 
solution. 

In  a  quantitative  experiment  the  following  results  were  obtained 
on  shaking  up  300  grams  of  clay  with   900  c.c.   of  iV/5  ammonium 

chloride  : 

Gram. 
NH3  at-sorbed  per  100  grams  of  clay   =   0'1200 

Ca  in  solution  per  300  c.c.  =   0-0283   =   0-0481  gram  of  NH3 

Mg         ,,  ,,  =  0-0506   =  0-0717      ,, 

K  ,,  ,,  =   0-0076   =  0-0033      ,, 

0-1231 

No  aluminium  Avas  found  in  solution.  It  will  be  seen  that  the 
calcium,  magnesium,  and  potassium  in  solution  were  equivalent  to  the 
ammonium  precipitated,  sodium  being  present  onl}-  in  traces  if  at  all. 

Clay  is  a  product  of  the  weathexnng  of  various  double  silicates  like 
the  felspars,  and  although  in  the  main  it  consists  of  kaolinite, 

Alo03,2SiOo,2H20. 
as  the  analysis  shows,  it  still  contains  other  bases  which  form, 
with  the  alumina,  double  hydrated  silicates  of  a  zeolitic  nature. 
That  the  reaction  is  with  zeolitic  substances  in  the  clay  may  be  in- 
ferred from  the  following  experiments,  in  which  50  grams  of  the  clay, 
50  grams  of  a  washed  kaolin,  and  50  grams  of  natrolite  (pure  picked 
crystals  groun  1  fine)  respectively,  were  shaken   Avith  300  c.c.  of  lAyiO 

solution  of  ammonium  chloiide  : 

Gram  XH3 
removed  from 

solution.  ^H;>  in  .sohition. 

Clay  0-073  '  0-437 

Kaolin  0-051  0-459 

Natrolite  0-061  0-449 

The  natrolite  gives  results  intermediate  between  those  of  the  clay 
and  the  kaolin  and  all  three  are  of  the  same  order.  The  compound 
formed  by  the  introduction  of  ammonium  into  the  clay  molecule  is  a 
stable  one,  which  does  not  yield  up  ammonium  on  washing  with  pure 
water,  as  has  been  stated. 
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It  is  seen  that  the  ahsorption  of  the  ammonium  from  the  solution  is 
by  no  means  complete ;  although  as  much  as  50  grams  of  clay  were  in 
contact  with  only  1*605  grams  of  ammonium  chloride,  in  the  position 
of  equilibrium  attained,  there  was  six^  times  as  much  ammonia  in  solu- 
tion as  was  combined  with  the  clay. 

Further  experiments  were  then  made  to  ascertain  the  character  of  the 
reaction  :  in  the  first  series  the  amount  of  clay  was  kept  constant,  and 
it  was  always  present  in  large  excess  ;  the  amount  of  water  was  also  con- 
stant, the  ammonium  salt  l)eing  the  variable.  The  following  results 
were  obtained  : 


Table  T. — Reaction  o/"  100  grams  clay  with  300  c.c.  solution. 


Ammonium  chloride. 


Gram 
NHj  originally 


Original  concentra- 

present 

G 

ram  NH3 

Gram 

Percentage 

tion  of  NH4C]. 

in  300  CO. 

left 

in  solution.     NH3  on  solid. 

removed. 

N/IO 

0-51 

0-384 

0-126 

24-7 

Nl\2 

0-408 

0-293 

0-115 

28-1 

Nl\f> 

0-34 

0-236 

0-104 

30-5 

N/20 

0-255 

0-165 

0  090 

35-3 

N/BO 

0-17 

0-102 

0-068 

40-26 

N/50 

0-10-2 

0  053 

0-049 

48-0 

N/-iOO 

0-051 

0-020 

0-031 

60-0 

A 

mmonium  sulp/iate. 

Concentra- 

ricnof(NH4)2S04. 

iV/10 

0-5082 

0-3888 

0-1194 

23-5 

N/12 

0-4278 

0-3'234 

0-1044 

24-4 

N/15 

0-3474 

0-2562 

0-0912 

26-25 

N/20 

0-2616 

0-1812 

0-0804 

30-7 

N/ZO 

0-1086 

0-10.59 

0-0627 

37-2 

N/50 

0-1074 

0-0603 

0-0471 

43-8 

N/100 

0-0521 

0-0234 

0-0287 

55-1 

These  results  can  be  expressed  by  an  equation  of  the  type, 

2NH,C1  +  Ca.T 

a.  b. 

K 


2NH4.r  +  CaCl._,. 

c.  d. 


ya. 

Thus  for  strengths  of  ammonium  chloride  between  iV/10  and  i\7lOO 
the  mean  value  of  A"  is  0-046,  whilst  for  ammonium  sulphate  it 
becomes  0-0354. 

The  accompanying  curves  show  a  comparison  between  the  experimental 
result  and  the  calculated  curve,  using  the  mean  values  for  K  already 
given ;  the  discrepancy  between  the  result  with  JV/IO  ammonium 
chloride  and  the  calculated  position  is  due  to  the  fact  that  about  this 
point  the  clay  ceases  to  combine  with  any  further  ammonium. 

Other  salts  of  ammonium  were  also  tried,  the  carbonate  and  the 
phosphate,  and  as  the  results  show  when  expressed  in  the  curves, 
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Fig.  2,  the  reaction  was  of  a  similar  nature,  as  also  was  the  reaction 
with  barium  and  potassium  chlorides  and  hydrochloric  acid.  In  the 
case  of  ammonium  phosphate  and  carbonate  some  of  the  acid  was 
also  removed  from  solutiou,  as  would  natunilly  be  the  case  through 
the  formation  of  insoluble  salts  of  calcium  and  magnesium.  Determina- 
tions are  given  below  for  the  amount  of  phosphoric  acid  going  out  of 
solution  : 


Fifty  grams  clay  shaken  ivilh  300  c.c.  solution. 


Strengtli  of  solution. 
5  "22  gram.s  P..O5  per  litre 
1-044 
0-522 


Alter  shaking. 
4-73  grams  I'.^Os  per  litre 
0-901 
0-423 


I'ercentage  of 

I'oOg  withdrawn. 

9-4 

13-7 

18-96 


Attempts  were  made  to  determine  the  absorption  of  ammonium 
hydroxide,  but  failed  owing  to  difficulties  of  manipulation.  The  clay 
became  deflocculated  and  would  not  settle  from  the  mixture  even 
when  left  to  stand  for  months,  for  the  same  reason  it  could  not  be 
filtered,  and  attempts  to  bring  about  a  separation  by  centrifuging  also 
failed. 


Table  II. — Reaction  of  50  grains  clay  with  300  c.c.  solution. 

Gram 

Concentration  NH3  originally 

of  Am.  phosphate,  present  in  300  c.c. 

A'/IO  0-51 

iV/20  0-255 

N/oO  0-102 

iV/lOO  0-051 


Gram  NH3 

Gram 

eft  in  solution. 

NH3  on  solid 

0-407 

0-103 

0-1846 

0-0704 

0-061 

0-041 

0-026 

0-025 

Concentration 

of  Am.  carbonate 

iV/10 

0-51 

0-406 

0-104 

JV/20 

0-255 

0-169 

0-086 

i\^/50 

0-102 

0-059 

0-043 

iV/100 

0-051 
Grams 

0-023 

0-023 

Concentration 

Ba  originally 

Grams  Ba 

Gram 

of  BaClj. 

present  in  300  c.c. 

k'fc  in  solution. 

Ba  on  solid 

1-747 

1  -483 

0-264 

1-164 

0-882 

0-282 

0-873 

0-632 

0-241 

0-349 

0-165 

0-184 

0-175 

0-038 

0-137 

Grams 

Concentration 

K  originally 

Grams  K 

Gram 

of  KCl. 

present  in  300  c.c. 

left  in  solution. 

K  on  solid. 

1-1367 

1-0053 

0-1314 

0-5688 

0-4604 

0-1084 

0-2274' 

0-055 

0-0724 
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Table  11.— Reaction  of  50  grams  clai/  with  300  c.c.  solution  (continued). 

Gram 

Concentration            H  originally                Gram  H  Gram 

of  HCl.            present  in  300  c.c.  left  in  solntion.  H  on  solid. 

iV/10                         0-03                           0-0258  0-0042 

iV/20                         0-015                         0-01146  0-00354 

N/50                         0-006                         0-0037  0-0023 

In  all  the  above  cases  the  clay  was  present  in  large  excess ;  when 
the  ammonium  salts  are  in  excess  the  reaction  proceeds  until  a 
definite  point  is  reached  and  then  stops,  so  that  a  given  weight  of 
clay  removes  the  same  amount  of  ammonium  from  solution  whatever 
the  strength  of  the  solution  of  ammonium  salt  with  which  it  is  in 
contact. 

It  is  difficult  to  attain  a  satisfactory  degree  of  accuracy  in  the 
experiments  bearing  on  this  point ;  it  is  impossible  to  remove  the  clay 
by  filtration  and  wash  it  free  from  the  adhering  liquid,  because  as  soon 
as  the  salts  in  the  latter  have  been  reduced  below  a  certain  point  the 
clay  becomes  deflocculated  and  begins  to  pass  through  the  filter  paper. 
When,  again,  the  concentration  of  the  solution  in  ammonium  is 
determined  before  and  after  shaking  with  the  clay,  as  in  the  previous 
experiments,  and  the  ammonium  withdrawn  by  the  clay  determined  by 
difference,  we  have  to  deal  with  large  quantities  of  ammonium  and  all 
the  errors  in  their  estimation  are  multiplied  and  thrown  on  the  small 
difference  which  is  the  quantity  sought.  This  method,  however,  had 
to  be  followed :  the  solutions  were  made  up  by  weight  and  the 
quantities  weighed,  and  other  precautions  were  taken  to  ensvire 
accuracy,  but  still  the  figures  sought,  the  ammonium  withdrawn  from 
solution  by  100  grams  of  clay,  are  not  in  very  close  agreement, 
although  sufficiently  so  to  indicate  the  nature  of  the  reaction. 

The  following  table  shows  the  results  of  shaking  900  c.c.  of  i\^/5, 
iV/10,  and  JV/'IO  ammonium  chloride  solution  with  225,  150,  60,  and 
30  gKims  of  clay  respectively  : 

Table  III. — Reaction  of  clay  witlt,  auimonlum  chloride  in  excess. 

Grams  NH3    Grams  NH3    Gram  NH3        Gram  NH3  re- 
Grams  NH4CI   in  original         in  solu-  removed  moved  by  100 
Grams  clay,     solution.         solntion.      tion  at  end.        by  clay.  grams  clay. 

Njb  Series. 


125  504-48  1-7067  1-5373  0-1694  0-136 
83-33  504-15  1*7057  1-5582  0-1475  0-177 
60       907-45     3-0701     2-9925     0-0776     0-129 


mean 
0-147 


NjlQ  Series. 

225      905-35     1-5409     1-2401  0  3008  0-133) 

150       903-70     1-5376     1-2842  02534  0  169  I  ?^f!" 

60      905-58     1-5408     1-4560  0-0848  0-14lJ  ^  ^^^ 
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Table  III. — Reaction  of  clay  with  ammonium  chloride  in  excess 

(continued). 


Gram  NHj     Gram  NH3 

Gram  NH3 

Gram  NH3  re- 

Grams NH.Cl 

in  original         in  solu- 

removed 

moved  by  100 

Grams  clay 

.     solution. 

solution.      tion  at  end. 
iV/20  Series. 

by  clay. 

grams  clay. 

125 

5007 

0-4275             0-3106 

0-1169 

0  094 

83-33 

502-32 

0-4289             0-3370 

0-0919 

0-110 

60 

903-3 

0-7713             0-7029 

0-0684 

0-114 

30 

904-17 

0-7721             0-7311 

00410 

0-137 

It  will  be  seen  that  when  varying  quantities  of  clay  were  shaken  with 
N/5  and  iV710  solutions  of  ammonium  chloride,  100  grams  of  clay  with- 
drew approximately  0-147  gram  of  ammonium  from  solution,  whatever 
the  quantity  of  solution  with  which  it  was  in  contact.  With  the  iV/20 
solution,  and  particularly  with  the  lai"ge  amounts  of  clay,  the  mass  of 
the  clay  began  to  exercise  a  sensible  influence  on  the  result,  and  the 
amount  of  ammonium  withdrawn  per  100  grams  of  clay  fell. 

Only  when  the  amount  of  clay  was  reduced  to  30  grams  in  contact 
with  900  c.c.  of  iy/20  ammonium  chloride  did  the  amount  of 
ammonium  withdrawn  per  100  grams  of  clay  approximate  to  the 
amount  withdrawn  when  the  clay  was  in  contact  with  the  stronger 
solutions. 

The  particular  limit  of  saturation  for  the  ammonium  on  the  clay 
indicated  in  these  experiments,  0-147  gram  per  100  grams  of  clay,  was 
found  to  vary  with  each  sample  of  clay  employed.  Even  variations  in 
the  drying  process,  through  which  portions  of  the  stock  material  were 
put,  altered  the  limit,  so  that  it  is  necessary  to  prepare  at  one  time  a 
sufficient  quantity  to  carry  through  the  whole  series.  The  clay  used 
in  the  latter  experiments  is  thus  not  strictly  comparable  with  the  clay 
used  in  the  previous  series,  although  they  were  originally  two  samples 
from  a  common  stock. 

Effect  of  Calcium  Carbonate. 

Since  the  share  taken  by  calcium  carbonate  in  the  absorption  of 
ammonium  salts  by  soil  is  still  doubtful,  the  authors  made  some  deter- 
minations by  shaking  up  300  c.c.  of  similar  ammonium  sulphate  solu- 
tions with  50  grams  of  powdered  calcium  carbonate.  The  results 
showed  that  an  equilibrium  reaction  of  the  type  : 

(NHJoSO^-FCaCOg  ^  {NH4)2C03-hCaS04, 
takes  place,  and  that  only  a  small  proportion  of  the  ammonium  sulphate 
changes  into  carbonate,  even  when  the  calcium  carbonate  is  present  in 
large  excess. 
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A  fuller  series  of  experiments  made  with  200  c.c.  of  solutions  of 
ammonium  chloride  and  20  grams  of  finely- divided  calcium  carbonate 
(a  precipitate  obtained  in  a  hard-water  softening  process  on  a  large 
scale)  gave  the  following  results.  Preliminary  trials  showed  that  the 
reaction  was  complete  in  the  twenty-four  hours  allowed  for  shaking  : 


G  IV.— 20  Grams  of 

calcium  carbonate  t 
chloride  solution. 

md  20 

[)  c.c.  of  amrt 

CaO  finally 

NHg 

equivalent  to 

NH3  present 

in  solution 

Ca  dissolved 

(grams  per  200  c.c). 

(gram  per  200  c.c). 

(gram 

per  200  c.c). 

3-398 

0-0506 

0-0308 

2-832 

0-0442 

0-0268 

2-269 

0-0428 

0-0261 

1-700 

0-0348 

0-0211 

0-680 

0-0240 

0  0145 

0-340 

0-0162 

0-00982 

0-17 

0-0110 

0-0066 

These  figures  conform  to  an  equation  of  the  type 


K, 


(CaCUf 
°^  :NH,Ui' 


which  is  of  the  same  type  as  the  reaction  with  clay. 

These  experiments  do  not  agree  with  the  statements  of  Way  {loc. 
cit.)  and  Knop  [Boniterung  der  Ackereide,  1871,  49),  who  maintain 
that  calcium  carbonate  is  without  action  on  the  ammonium  salts. 

When  ammonium  chloride  solutions  were  shaken  with  a  mixture  of 
50  grams  of  clay  and  10  grams  of  calcium  carbonate,  the  total  pre- 
cipitation of  ammonium  was  somewhat  increased,  but  the  type  of  the 
reaction  remained  unchanged,  as  shown  by  the  results  below  : 


Table  V. 

Gram  NH4  taken  up 

Gram  NH4 

Gram  NH4  taken  up  by 

by  50  grams  clay 

per  300  c.c. 

50  grams  clay  alone. 

+ 10  grams  CaCOj. 

0-51 

0073 

0-084 

0-255 

0-057 

0-069 

0-102 

0-034 

0-036 

Since  few  soils  would  contain  as  much  as  10  grams  of  calcium 
carbonate  per  50  grams  of  clay,  it  may  be  concluded  that  the  main 
reaction  when  ammonium  salts  are  applied  to  the  soil  takes  place  with 
the  clay,  although  the  calcium  carbonate  will  afterwards  continue  to 
decompose  the  zeolitic  ammonium  compound  as  ammonium  carbonate 
is  removed  by  nitrification.  It  has  been  shown  (Hall  and  Miller, 
Proc.  Roy.  Soc,  1905,  B,  77,  1)  that  the  ultimate  result  of  applying 
ammonium  salts  to   the  soil  is  the  removal  of  an  approximately  equi- 
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valent  amount  of  calcium  carbonate,  although  Ashby  [Jour.  Agric. 
Science,  1907,  2)  found  that  the  zeolitic  ammonium  compound  can  be 
nitrified  without  further  base. 

Experiments  with  Humus. 

The  action  of  clay  on  ammonium  salts  having  failed  to  give  rise  to 
any  acid  reaction,  a  similar  series  of  trials  was  made  with  humus  in 
place  of  clay. 

Three  samples  of  peat  were  employed  : 

(1)  A  sandy  peat  such  as  is  used  for  orchid  growing,  consisting 
mainly  of  the  debris  of  bracken  not  greatly  decomposed. 

(2)  A  loose  sphagnum  peat  commonly  sold  as  peat  moss  litter,  still 
showing  considerable  vegetable  structure. 

(3)  A  solid  black  Irish  peat  from  some  depth,  with  no  visible 
vegetable  structure. 

Qualitative  tests  for  the  production  of  acidity  were  also  made  with 
the  decayed  peaty  grass  residues  which  are  to  be  found  on  the  surface 
of  some  of  the  Rothamsted  grass  plots  where  the  acid  reaction  of  the 
soil  is  most  in  evidence,  and  with  the  loose  friable  humus  obtained 
from  the  interior  of  a  hollow  tree.  In  all  cases  the  peat  was  first 
washed  repeatedly  with  hot  distilled  water,  although  its  acid  reaction 
could  never  be  entirely  removed. 

The  first  tests  showed  that  there  was  no  production  of  acidity  when 
any  of  these  samples  of  humus  were  shaken  up  with  the  solutions  of 
ammonium  salts.  Determinations  were  made  of  the  acidity  of  distilled 
water  and  of  the  ammonium  salt  solutions  after  shaking  with  equal 
weights  of  the  same  peat ;  the  acidity  was  barely  measurable,  but  was 
less  with  the  salt  solutions  than  with  pure  water.  Ammonium  had, 
however,  been  removed  fi-om  solution,  hence  some  base  must  have 
been  dissolved  from  the  peat  to  maintain  a  neutral  reaction.  Qualita- 
tive tests  showed  this  base  to  be  calcium,  and  analysis  of  the  peat  ash 
showed  the  presence  in  the  dry  (No.  3)  peat  of  1"2  per  cent,  of  CaO. 
It  is  concluded  that  the  peat  contains  this  calcium  combined  as 
humate,  ^  and  that  the  reaction  with  ammonium  salts  consists  in  a 
double  decomposition  between  the  calcium  humate  and  the  ammonium 
salt. 

The  absorption  of  ammonium  was  then  determined  in  the  same  way 
as  with  clay,  after  shaking  300  c.c.  of  the  solution  of  the  salt  with 
25  grams  of  peat.  The  following  results  show  the  reaction  to  be  of  a 
similar  type  to  that  with  clay  : 
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25  Gravis  jyeat  moss  litter  with  300  c.c.  NH^Cl  solution. 


Strength  of 

NH3  in  300  c.c. 

NH3  left 

solution  taken. 

originally. 

in  solution. 

NHg  on  peat. 

i\^/10 

0-51 

0-458 

0-052 

NI-2Q 

0-2.55 

0-221 

0-034 

N/IOQ 

0-051 

0-0424 

0-0086 

A  further  50  grains  of  peat  were  then  extracted  with  hydrochloric 
acid  for  forty-eight  hours  and  repeatedly  washed  with  hot  distilled 
water  to  remove  acid  as  far  as  possible.  The  residue  was  then 
shaken  with  N/IO  ammonium  chloride  as  before.  After  filtering, 
the  solutions  showed  an  acid  reaction  and  ammonium  had  been 
withdrawn  from  solution,  but  the  acidity  was  small,  and  some  of 
the  precipitated  ammonium  had  been  replaced  by  calcium,  small 
quantities  of  which  could  be  detected  in  solution,  despite  the 
digestion  with  strong  acid  to  which  the  peat  had  been  previously 
subjected.  It  seems,  however,  certain  that  free  "  humic  acid  "  can  to 
some  extent  decompose  ammonium  salts  with  the  formation  of  an 
insoluble  ammonium  compound,  and  this  is  confirmed  by  the  observa- 
tion that  whereas  the  humus,  after  all  mineral  acid  had  been  washed 
away,  yielded  a  brown  solution  on  shaking  with  pure  water,  when 
shaken  with  the  ammonium  salt  a  colourless  solution  resulted. 

As  free  "  humic  acid  "  does  not  appear  to  be  a  normal  constituent 
of  soils,  this  experiment  does  not  vitiate  the  general  conclusion 
reached  by  the  authors  that  the  constituents  of  the  soil  do  not  react 
with  solutions  of  ammonium  salts  to  produce  a  free  acid.  For  the 
acid  observed  in  the  field  experiments  quoted  a  biological  origin  has 
now  been  found. 

Thk  Rothamsted  Experimental  Station, 
Lawes  Agricultural  Trust. 


LXIV. — The  Reduction  of  Carbon   Dioxide    to    Form- 
aldehyde   in    Aqueous    Solution. 
By  Henry  John  Horstman  Fenton. 

The  reduction  of  carbon  dioxide  in  aqueous  solution  has  always  formed 
an  attractive  subject  for  investigation,  not  only  from  a  purely  chemical 
standpoint,  but  also  from  its  important  bearing  on  the  problem  of 
assimilation  in  plants.  Interest  in  this  question  has  recently 
received  a  fresh  stimulus  owing  to  the  extreme. y  suggestive  suannary 
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of  the  subject  which  was  given  in  the  President's  address  at  the  last 
annual  meeting  of  the  Society.  The  practical  demonstration  of  this 
reduction,  by  purely  chemical  methods,  has  been  the  object  of  a  very 
large  number  of  interesting  researches,  and,  since  the  time  when 
Baeyer  first  suggested  his  well-known  hypothesis  of  carbon  dioxide 
assimilation,  one  of  the  principal  aims  of  these  investigations  has 
been  the  recognition  of  formaldehyde  as  a  reduction  product.  If  one 
excepts  the  somewhat  inconclusive  and  yet  unconfirmed  experiment 
of  Bach,  in  which  palladium-hydrogen  was  employed  as  the  reducer, 
to  which  attention  will  presently  be  drawn,  it  would  appear  that  in  no 
single  case  has  formaldehyde  been  detected.  This  statement  refers,  of 
course,  to  the  reduction  in  aqueous  solution  ;  that  formaldehyde  cm  in- 
directly resultas  a  reduction  product  of  gaseouscarbondioxidein  presence 
of  moisture,  under  the  influence  of  the  silent  discharge,  appears  to 
have  been  established  by  Lob  {Zeitsch.  Elektrochem.,  1905,  11,  745, 
and  1906,  12,  282). 

Maly,  in  1865  {Annalen,  135,  119),  acted  on  a  concentrated  solution 
of  ammonium  carbonate  with  dilute  (liquid)  sodium  amalgam  and 
showed  that  after  acidification  and  discillation  of  the  product  a  notable 
quantity  of  formic  acid  was  obtained  in  the  distillate. 

Lieben  {Monatsch.,  1895,  16,  211,  and  1897,  18,  582)  extended  this 
observation  and  made  an  exhaustive  investigation  of  the  reduction  of 
carbonates,  or  carbon  dioxide  in  presence  of  various  metallic  salts,  by 
different  metals.  He  found  that  when  a  slow  stream  of  carbon 
dioxide  was  passed  for  some  weeks  through  water  to  which,  from  time 
to  time,  small  quantities  of  sodium  amalgam  wei'e  added,  considerable 
quantities  of  formate  could  be  obtained,  and  similar  results  were 
given  by  amalgams  of  barium  or  potassium.  Aluminium  amalgam 
alone  did  not  reduce  a  solution  of  carbon  dioxide,  but  in  pi-esence  of 
sodium  sulphate,  sodium  phosphate,  or  some  other  salts,  good  yields 
of  formate  resulted.  When  magnesium  or  platinised  magnesium 
were  used,  alone  or  in  presence  of  salts,  under  conditions  which  in 
the  case  of  the  other  metals  were  found  to  be  most  favourable,  the 
results  were  entirely  negative,  or  at  most  traces  only  of  formate 
were  obtained.  In  his  second  paper,  the  author  draws  particular 
attention  to  this  peculiarity  of  magnesium,  and  ascribes  the  results  to 
the  difference  in  the  amount  of  energy  set  free  in  the  liberation  of 
hydrogen  by  the  metals,  Ballo  {Ber.,  1884,  17,  6)  also  prepared 
formates  by  reduction  of  bicarbonates  with  sodium  or  potassium, 
but  with  platinised  magnesium  only  negative  results  were  obtained. 

The  reduction  of  carbon  dioxide  in  aqueous  solution  by  the 
electrolytic  method  was  first  effected  by  Royer  {Compt.  rend.,  1870, 
70,  731),  the  solution  being  subjected  to  what  the   author  termed  the 


DIOXIDE   TO   FORMALDEHYDE   IN   AQUEOUS   SOLUTION.      689 

"  intra-pilaire  "  current  in  a  Grove  or  Bunsen  cell.  In  this  case  again 
formic  acid  was  the  only  product  of  reduction. 

Coehn  and  Jahn  [Ber.,  1904,  37,  2836)  made  an  extended  study  of 
the  electrolytic  reduction,  and  investigated  the  behaviour  of  different 
salts  and  the  influence  due  to  the  nature  of  the  cathode  metal.  The 
best  results  were  obtained  when  a  cold  saturated  solution  of  potassium 
sulphate  was  electrolysed,  using  an  amalgamated  zinc  cathode,  and  a 
continuous  current  of  carbon  dioxide  was  conducted  through  the 
solution.  In  this  way  the  alkali  formed  at  the  cathode  was  at  once 
converted  into  bicarbonate.  In  order  to  examine  the  nature  of  the 
reduction  pi-odvxct  the  anodic  and  cathodic  solutions,  which  during 
electrolysis  were  separated  by  a  porous  cell,  were  mixed  together  and 
the  acidity  of  the  mixture  determined  after  removal  of  the  carbon 
dioxide  in  a  current  of  air.  An  aliquot  part  of  the  solution  was  also 
titrated  with  permanganate,  and  the  results,  calculated  as  formic  acid, 
usually  agreed  with  the  values  calculated  from  the  acidity.  But  in 
some  experiments  the  oxidation  values  were  higher  than  the  acidity 
valueg,  a  circumstance  which  appeared  to  indicate  a  reduction  pro- 
duct other  than  formic  acid.  No  formaldehyde,  however,  could  be 
detected. 

Reduction  was  not  obtained  when  normal  carbonates  were  similarly 
electrolysed,  and  carbon  dioxide,  in  presence  of  strong  acids,  also  gave 
negative  results,  although  an  aqueous  solution  of  carbon  dioxide  alone 
gave  rise  to  formic  acid,  as  in  Royer's  experiment.  The  authors 
therefore  concluded  that  neither  the  CO3  ion  nor  the  non-dissociated 
carbonic  acid  is  reducible,  and  that  formic  acid  results  from  the  reduc- 
tion of  the  HCO3  ion. 

Ehrenfeld,  however  {Ber.,  1905,  38,  4138),  shows  that  formate  is 
also  produced  by  the  electrolytic  reduction  of  a  strongly  ammoniacal 
solution  of  ammonium  carbonate  and  considers  that  in  this  case  the 
ion  MH^COg  is  reduced. 

In  all  the  above-named  investigations  the  authors  come  to  the 
conclusion  that  formic  acid  is  the  sole  product  of  the  reduction 
of  carbon  dioxide ;  in  no  case  could  formaldehyde  be  discovered. 

The  photo-reduction  of  carbon  dioxide  in  presence  of  uranyl  acetate 
was  said  by  Bach  {Compt.  rend.,  1893,  116,  1145)  to  give  rise  to 
formaldehyde,  and  Usher  and  Priestley  {Proc.  Roy.  Soc,  1906,  77,  370) 
state  that  they  have  confirmed  this  result.  The  method  of  proof,  how- 
ever, is  not  given.  Moreover,  the  last  named  authors  have  since 
shown  {loc.  cit.,  78,  322)  that  no  formaldehyde  can  be  detected  if 
uranyl  sulphate  is  substituted  for  the  acetate,  and,  as  regards  the 
precipitation  of  uranium  hydroxides,  Euler  has  shown  that  a  similar 
result  is  obtained  when  nitrogen  is  substituted  for  the  carbon  dioxide 
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{Ber.,  1904,  37,  3415).  The  supposed  formation  of  formaldehyde 
when  dimethylaniline  was  used  as  catalyser,  in  place  of  the  uranyl 
salt,  has  also  been  disproved  by  Euler  {loc.  cit.,  3416)  ;  compare  also 
Pilhashy  {J.  Anier.  Ch^m.  Soc,  1900,  22,  132).  Bach  has  also  stated 
(Compt.  rend.,  1898,  126,  479)  that  formaldehyde  is  produced  when  a 
solution  of  carbon  dioxide  is  reduced  by  hydrogen-palladium  ;  the 
nature  of  his  experiment  and  the  method  of  proof  will  be  gathered 
from  the  following  statement.  Ten  grams  of  spongy  palladium  and 
2'85  grams  of  palladium  foil  were  charged  with  hydrogen  and 
introduced  into  water  which  had  been  boiled  and  cooled  in  a  stream  of 
carbon  dioxide.  Carbon  dioxide  was  passed  into  the  mixture  for  three 
days  and  the  solution  was  filtered  after  thirty  days.  The  addition  of 
aqueous  aniline  gave  "un  faible  depot  blanc,"  which,  from  its  appearance 
when  crystallised  and  its  melting  point,  was  considered  to  be  methylene- 
aniline.  The  melting  point  of  the  product  is  not  stated.  Another 
portion  of  the  liquid  when  evaporated  to  dryness  with  excess  of 
ammonia  left  a  residue  which,  when  dissolved  in  a  little  water,  gave  a 
yellow  precipitate  with  bromine  water. 

Experimental. 

Since  it  has  been  established  by  the  various  authors  referred  to  in 
the  foregoing  summary  that  carbon  dioxide  is  readily  reduced,  in 
various  ways,  to  formic  acid,  it  appeared  interesting  to  attempt  the 
further  reduction  of  formic  acid  to  formaldehyde.  If  this  attempt 
were  successful  the  practical  demonstration  of  the  reduction  of  carbon 
dioxide  to  formaldehyde  would  be  complete.  The  systematic  and 
direct  reduction  of  acids  to  corresponding  aldehydes  has  hitherto 
succeeded  only  in  the  case  of  hydroxy-acids  which  can  yield  lactones, 
the  lactone,  in  fact,  being  the  product  which  undergoes  reduction 
(Fischer,  Ber.,  1889,  22,  2204,  and  1890,  23,  930).  It  was  altogether 
improbable  therefore  that  the  desired  object,  in  the  present  case,  would 
be  attained  by  the  use  of  sodium.  But,  in  the  course  of  a  series  of 
experiments  with  other  reducing  agents,  it  was  found  that  metallic 
magnesium  readily  reduces  formic  acid  to  formaldehyde. 

When  a  rod  of  magnesium  was  introduced  into  a  solution  of  pure 
formic  acid  (about  10  per  cent.)  a  vigorous  reaction  ensued  and  the 
solution,  after  some  minutes,  showed  strongly-marked  reactions  of 
formaldehyde  with  the  colour  tests  mentioned  below.  After  the  action 
had  proceeded  for  about  half  an  hour  the  solution,  when  neutralised 
with  sodium  carbonate  and  boiled,  gave  off  a  strong  odour  of  the 
aldehyde.  In  order  to  complete  the  identification  of  the  product,  a 
few  drops  of  phenylhydrazine  acetate  were  added,  and  the  resulting 
nearly  white  precipitate  was  washed   with  water,  a  little  alcohol,  and 
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ether,  and  was  then  recrystallised  from  a  mixture  of  absolute  alcohol 
and  toluene.  The  product  so  obtained  crystallised  in  lustrous,  white 
plates  which  melted  at  184 — 185°  (compare  Wallace  Walker,  Trans., 
1896,  69,  1278).  With  hydrogen  sulphide  the  solution  gave,  on 
standing,  a  bulky,  white,  crystalline  precipitate ;  aqueous  aniline  gave 
a  white  precipitate,  and  ammoniacal  silver  nitrate  was  reduced  in  the 
cold. 

The  yield  of  formaldehyde,  estimated  by  Eomijn's  iodine  method, 
amounted  to  about  1  to  2  per  cent,  of  the  formic  acid  used ;  the 
greater  part  of  the  acid  is  of  course  rendered  inert,  as  regards 
reduction,  by  conversion  into  magnesium  formate.  By  suitable  treat- 
ment with  acids  and  regulation  of  the  temperature  and  concentration, 
it  would  doubtless  be  possible  to  obtain  very  much  larger  yields. 
Ammonium  formate,  in  solution,  reacts  violently  with  metallic 
magnesium  ;  a  large  quantity  of  ammonia  is  evolved,  and  the  solution 
after  a  few  minutes  gives,  strongly,  the  reactions  of  formaldehyde.  If 
the  resulting  solution  is  evaporated  to  dryness  on  a  water-bath  and  the 
residue  extracted  with  chloroform,  notable  quantities  of  hexamethylene- 
tetramine  are  obtained  and  can  be  identified  in  the  manner  indicated 
below. 

The  results  obtained,  therefore,  show  that  carbon  dioxide  can  be 
reduced  to  formaldehyde  with  formic  acid  as  the  intermediate  stnge. 
But  it  still  remained  a  matter  of  interest  to  ascertain  whether  the 
complete  reduction  could  be  demonstrated  in  one  operation.  This 
again  is  found  to  be  possible  with  the  aid  of  metallic  magnesium,  if 
certain  conditions  are  employed.  In  this  case  there  is  no  evidence 
that  the  formic  acid  stage  is  passed  through,  and,  judging  from  the 
results  of  Lieben  and  of  Ballo,  the  occvirrence  of  this  stage  wovild 
appear  to  be  improbable. 

When  a  stream  of  carbon  dioxide  is  passed  to  saturation  for  about 
eighteen  to  twenty-four  hours  through  pure  water  in  contact  with 
several  rods  of  amalgamated  magnesium,  the  solution  obtained  gives 
slight  but  unmistakable  indications  of  formaldehyde  with  the  colour 
tests  to  be  mentioned.  It  was  afterwards  found  that  if  small  quanti- 
ties of  ammonia,  aniline,  phenylhydrazine,  or  piperidine  are  first 
added  to  the  water,  the  indications  of  formaldehyde  are  much  more 
marked;  aluminium  hydroxide,  ferric  hydroxide,  and  calcium  carbonate 
all  show  a  similar  influence,  especially  if  the  mixtures  are  warmed. 
Ammonia  and  phenylhydrazine  appear  to  give  the  best  results,  and  in 
presence  of  either  of  these  reagents  it  is  easy  to  demonstrate  the 
production  of  formaldehyde  even  after  a  few  minutes.  An  aqueous 
solution  of  phenylhydrazine,  for  example,  when  mixed  with  excess  of 
magnesium  powder  and  subjected  to  a  rapid  stream  of  carbon  dioxide, 
allowing  the  temperature  to  rise  to  60 — 70°,  gives,  after  about  ten 
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minutes,  an  intense  blue  colour  with  test  No.  I  (see  p.  693).  Aniline 
gives  similar  results ;  in  this  case  and  with  phenylhydrazine  the 
solutions  begin  to  precipitate  on  standing  for  some  time.  The  pro- 
ducts, however,  are  very  likely  impure,  since  phenylhydrazine 
probably  undergoes  some  reduction  to  aniline  and  ammonia,  and 
methyleneaniline,  as  .shown  by  Miller  and  Plochl  [Ber.,  1902,  25, 
2020),  is  easily  reducible  to  methylaniline. 

When  ammonia  or  ammonium  carbonate  is  used  in  contact  with 
amalgamated  magoesium  rods,  or  more  rapidly  with  magnesium 
powder,  the  product  gives,  after  acidification  in  the  cold,  only  slight 
indications  of  formaldehyde,  but  if  the  mixture  is  heated  to  boiling 
after  acidification,  the  reactions  are  strongly  marked.  The  aldehyde 
is  in  fact  "fixed,"  as  fast  as  formed,  as  hexamethylenetetramine.  If 
the  ammoniacal  solution  is  evaporated  *  just  to  dryness,  and  the 
residue  extracted  with  chloroform,  a  small  quantity  of  crystalline 
residue  is  obtained,  from  the  chloroform  solution,  which  is  easily  recog- 
nised as  hexamethylenetetramine  by  Legler's  method  {Ber.,  1885,  18, 
3350  :  compare  also  Horton,  ibid.,  1888,  21,  1999).  When  exposed  to 
the  vapours  of  bromine  it  swells  and  turns  dark  brick -rtd  ;  on  exposure 
to  air  bromine  is  evolved,  and  a  sulphur-yellow  powder  is  left.  These 
products  are  the  tetra-  and  di-bromides  I'espectively.  The  aqueous 
solution  gives,  with  bromine  water,  a  yellow  precipitate.  Silver  nitrate 
gives  a  white  precipitate  which  dissolves  and  is  reduced  to  a  mirror  on 
heating,  and  iodine  in  aqueous-alcoholic  solution  gives  a  dark  reddi.sh- 
brown,  crystalline  precipitate. 

It  was  noticed  in  some  experiments  that  on  heating  the  mixture 
obtained  by  the  action  of  carbon  dioxide  on  magnesium  in  presence  of 
ammonium  carbonate  with  caustic  soda  there  appeared  at  some  stage 
of  the  operation  a  distinct  "  fishy  "  odour  of  the  methylamines.  This 
result  is  to  be  expected  since  hexamethylenetetramine,  as  shown  by 
Delepine  {Bull.  Soc.  Chim.,  1895,  [iii],  13,  135),  can  be  reduced  by 
zinc  to  trimethylamine.  The  formation  of  mono-,  di-,  and  tri-methyl- 
amines  from  formaldehyde  and  ammonia,  and  from  hexamethylene- 
tetramine, has  also  been  shown  by  other  authors  (compare  Eschweiler, 
Ber.,  1905,38,  880;  Ischidzu  and  Inouye,  Jour.  Pharm.  Soc.  Japan, 
Jan.  1,  1906,  &c.). 

The  latter  observation  appears  to  be  of  interest  in  connexion 
with  the  fact  that  trimethylamine  is  of  frequent  occurrence  in  certain 
plants  and  also  as  regards  the  close  relationship  of  this  substance  to 
betaine. 

The    quantities    of    formaldehyde,    or    its    derivatives,    which    are 

*  Since  a  considerable  loss  of  the  product  occurs  when  the  solution  is  completely 
evaporated  at  100°,  it  is  best  to  finish  the  evaporation  in  a  vacuum  desiccator  at  tiie 
ordinary  temperature. 
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obtained  in  the  manner  above  indicated  are  of  necessity  only  small. 
The  actual  mass  of  carbon  dioxide  available  for  I'eduction  in  solution 
is  limited,  of  course,  by  the  small  solubility  of  the  gas  at  the  tempera- 
ture employed.  The  best  results  are  obtained  when  the  gas  is 
"  rushed  "  through  the  solution  at  a  rapid  rate,  since,  so  far,  no  con- 
venient apparatus  has  been  available  for  working  under  increased 
pressure.  Further,  the  magnesium  rapidly  loses  its  activity,  probably 
owing  to  a  superficial  coating  of  basic  carbonate,  and  attempts  to 
remedy  this  by  addition  of  mineral  acids  yield  only  negative  results. 
When  the  magnesium  is  used  in  tbe  form  of  powder  it  appears  to  be 
advantageous  first  to  saturate  the  solution  with  magnesium  bicarbonate ; 
this  moderates,  to  some  extent,  the  over-rapid  action  of  the  metal  and 
probably  increases  the  potential  concentration  of  the  carbon  dioxide 
(or  HCO3  ions)  at  the  temperature  employed  (compai'e  Rinne,  Chem. 
Zeit.,  1907,  31,  125). 

In  the  course  of  the  foregoing  investigation  a  considerable  number 
of  the  well-known  tests  for  formaldehyde  have  been  compared  and 
studied.  In  the  authors'  opinion  the  following  three  are  the  most 
delicate  and  most  satisfactory  of  the  colour-reactions,  and  to  these 
preference  is  given  in  the  order  named. 

I.  To  the  solution  to  be  examined  is  added  a  few  drops  each  of 
dilute  solutions  of  phenylhydrazine  hydrochloride,  sodium  nitro- 
prusside,  and  caustic  soda ;  the  result  is  a  bright  but  .^transient 
Prussian-blue  colour  (Rimini's  test). 

II.  The  solution  is  mixed  with  a  few  di'ops  of  an  alcoholic  solution 
of  gallic  acid,  and  the  mixture  is  carefully  poured  on  to  pure  con- 
centrated sulphuric  acid  ;  a  bright  blue  ring  appears  where  the  liquids 
meet. 

III.  An  aqueous  solution  of  resorcinol  is  substituted  for  the 
alcoholic  gallic  acid  in  II ;  the  result  is  a  red  or  reddish-violet  ring 
(compare  Mulliken,  Identification  of  Carbon  Compounds,  p.  24). 

The  conditions  of  formation  of  formaldehyde  from  carbon  dioxide 
and  the  behaviour  of  metallic  magnesium  towards  other  acids  are 
being  further  studied.  Acetic  acid  gives  recognisable  quantities  of 
acetaldehyde  when  treated  with  magnesium,  but  negative  results  have 
so  far  beeij  obtained  with  propionic  and  n-butyric  acids. 
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LXV. — An  Extension  of  the.  Benzoin  Synthesis. 

By  Reginald  W.  L.  Clarke  and  Arthur  Lapworth. 

The  observation  that  benzaldehyde  is  readily  converted  into  benzoin 
by  means  of  potassium  cyanide  was  first  made  by  Zinin  (Annalen, 
1840,  31,  329  and  34,  186),  although  the  details  of  the  method  as  at 
present  usually  practised  were  suggested  by  Zincke  (ibid.,  1879,  198, 
151),  whilst  Fischer  extended  it  to  the  condensation  of  furfuraldehyde. 

The  reaction  is  of  especial  interest,  first,  because  the  potassium 
cyanide  plays  the  part  of  a  true  catalytic  agent,  being  practically 
unaltered  in  amount  at  the  end  of  the  operation  and  need  be  used  only 
in  relatively  small  quantities,  and  secondly,  because  it  is  one  which  is 
not  applicable  to  the  aldehydes  of  the  fatty  series. 

Of  the  theories  which  have  been  put  forward  as  to  the  mechanism 
of  the  reaction  may  first  be  mentioned  those  of  Zincke  {Ber.,  1876,  9, 
1772),  Pomeranz  (Monatsh.,  1900,  21,  389),  Koelichen  (Zeitsch. 
physikal.  Chem.,  1900,  33, 129),  and  Nef  {Annalen,  1895,  287,  342,  and 
1897,  298,  312). 

Zincke  assumed  that  mandelonitrile  was  formed  as  an  intermediate 
product  and  that  this,  reacting  with  unchanged  benzaldehyde,  with 
elimination  of  hydrogen  cyanide,  yielded  benzoin  ;  but  he  found  that 
benzaldehyde  and  hydrocyanic  acid  did  not  react  to  give  benzoin. 
Pomeranz  assumed  a  catalytic  action  of  hydroxyl  ions  and  Nef 
supposed  the  change  to  be  similar  in  character  to  an  aldol  condensa- 
tion. 

The  theory  of  Chalaney  and  Knoevenagel  is  well  known  (Ber.,  1892, 
25,295).  They  suggested  that  a  potassium  derivative  of  benzaldehyde 
and  mandelonitrile  was  formed  in  the  first  instance  and  these 
subsequently  reacted  in  the  following  manner, 

C^Hg-CKIO  +  C6H5-CH(OH)-CN  =  G^11.^'QK{0R)'Q0'Q,M^  +  KCN, 
but  the  existence  of  this  potassium  compound  was  purely  hypothetical, 
for  no  compound  of  this  kind  has  been  isolated,  nor  is  there  even  any 
indirect  evidence  that  the  hydrogen  atom  assumed  to  be  replaced  by 
potassium  is  reactive  in  presence  of  alkalis. 

In  a  series  of  papers  on  the  additive  reactions  of  hydrogen  cyanide, 
one  of  the  present  authors  showed  that  the  addition  of  this  compoucd 
to  aldehydes  and  ketones  is  dependent  on  the  presence  of  cyanogen 
ions,  and  suggested  that  a  complex  cyanogen  ion  is  formed  at  an  inter- 
mediate stage  in  all  cases   (Trans.,  1903,  83,  995;  1904,85,  1206). 

Thus  in  the  case  of  benzaldehyde  the  complex  ion  CgHj'CH^p^  was 
assumed  to  be  formed  in  the  first  instance.    It  was  further  shown  that 
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benzaldehyde  yields  mandelonitrile  with  potassium  cyanide  even  in 
presence  of  alkali  (Trans.,  1903,  83,  1003),  and  the  benzoin  reaction 
was  attributed  to  a  reaction  of  benzaldehyde  with  mandelonitrile.  The 
latter,  being  a  hydroxybenzyl  cyanide,  contains  a  reactive  hydrogen 
attached  to  the  carbon  atom  between  the  phenyl  group  and  the  cyano- 
group,  and  in  virtue  of  this  must  be  capable  of  forming  an  aldol-like 
condensation  product  with  aldehydes.  With  benzaldehyde,  the  product 
must  be  the  unstable  cyanohydrin  of  benzoin  {loc.  cit.,  1004).  The 
following  thus  represents  the  suggested  stages  in  the  reaction  : 

CfiHs-CHO  +  CN'    ^    C6H5-CH(CN)-0'       I. 

CgH5-CH(CN)-0'  +  H  ^  CgH5-CH(CN)-0H IT. 

C«H,.CHO  +  C,H,.OH(CN).OH^^;^M^^^^^^^       .     .  m. 

CeH,-C(CN).OH     _     C,H,-CO 

CgHs-CH-OH         ~^     CgH^-CH.OH  

This  scheme  serves  to  explain  (1)  why  cyanide  is  necessary,  because, 
although  there  is  no  evidence  that  the  hydrogen  atom  in  the  'CHIO 
group  of  aldehydes  higher  than  formaldehyde  is  reactive  in  presence  of 
bases,  it  is  well  recognised  that  in  the  'CH  group  between  CN*  and  an* 
aromatic  nucleus, -the  hydrogen  atom  is  labile  and  the  occurrence  of  an 
aldol-like  reaction  between  benzaldehyde  and  benzyl  cyanide  in  presence 
of  alkalis  is  no  longer  in  doubt  ;  (2)  the  need  for  the  use  of  potassium 
cyanide  instead  of  hydrogen  cyanide  alone  because  reactions  I  and  III 
do  not  occur  with  measurable  speed  in  absence  of  bases  ;  (3)  aliphatic 
aldehydes  do  not  react  in  the  same  way  as  does  benzaldehyde,  because 

the  fatty  nitriles  with  the  group  p^CH'CN  or  C'CHg'CN  manifest 

relatively  very  little  tendency  to  take  part  in  the  aldol  and  allied  con- 
densations, in  comparison  with  those  of  the  aromatic  series. 

Finally,  reactions  III  and  IV  belong  to  well-known  types,  whilst 
direct  evidence  of  the  existence  of  the  complex  ion  assumed  in  I  and 
II  was  obtained  later,  when  an  additive  compound  of  benzaldehyde 
and  potassium  cyanide  (the  potassium  derivative  of  mandelonitrile) 
C6Hg-CH(CN)-0K  was  isolated  (Trans.,  1904,  85,  1208). 

Some  time  after  these  suggestions  were  published,  a  communication 
from  Bredig  and  Stern  appeared  [Zeitsch.  Elektrochem.,  1904,  10,  582, 
et  seq.).  They  described  experiments  on  the  velocity  of  the  benzoin 
condensation  and  were  able  fully  to  establish  that  the  reaction  is 
brought  about  catalytically  by  the  potassium  cyanide,  the  velocity 
being  directly  proportional  to  the  concentration  of  the  cyanogen  ion  in 
all  cases.  They  accepted  the  view  that  a  complex  ion  is  formed  as  in 
I  above,  but  as  they  found  that  the  velocity  was  not  affected  by  the 
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addition  of  excess  of  a  base,  they  assumed  that  the  change  subsequent 
to  I  was  as  follows  : 

C,H5-CH<^^  +  C„H5-CHO  =  C,H5-CH(OH)-CO-CVH5  +  CN'  .     .     V. 

A  further  reason  for  rejecting  the  view  expressed  by  III  was  advanced  by 
one  of  these  authors  (Stern,  Inaugural  Dissertation,  Leipzig,  1904,  p.  39), 
namely,  that  above  25°  the  amount  of  the  intermediate  products 
present  is  extremely  minute  ("  bei  hoherer  Temperatur  als  25'^  die 
Menge  der  eventuellen  Zwischenproducte  tiusserst  gering  ist "),  a 
conclusion  drawn  from  conductivity  experiments  on  solutions  of 
benzaldehyde  and  potassium  cyanide  at  varying  temperatures. 

It  must  here  be  pointed  out,  however,  that  the  dependence  of  III  on 
the  concentration  of  hydroxyl  ions  is  not  more  inevitable  than  that 
suggested  by  Bredig  and  Stern,  nor  can  the  second  objection  be 
sustained  as  conclusive.  This  depends  on  a  variety  of  unknown 
circumstances  and  in  particular  on  the  ultimate  mechanism  of  the 
aldol  condensation  III,  which  itself  must  be  regarded  as  a  complicated 
change. 

If,  for  example.  III  proceeds  as  the  result  of  a  preliminai'y  ioniza- 
tion of  mandelonitrile  at  the  ICH*  group,  followed  by  a  union  of  the 
resulting  ion  with  benzaldehyde  in  this  way  : 

H  +  C,H,-C'(CN).OH  +  C,H,-CHO  =  H  +  c^H^^i^^-O'  ^^  = 

C,H,-C(CN)-OH 
CgH^-CH'OH      ' 

then  the  velocity  will  be  proportional  to  the  concentration  of  this  new 
ion,  and  therefore  to  that  of  the  isomei'ic  ion  as  in  the  theory  of 
Bredig  and  Stern,  if  the  simple  ion  reactions 

H  +  C6H5-CH(CN)-0'^^CgH5-CH(CN)-OH^->C6H5-C'(CN)-OH  +  H 

are  relatively  very  large,  as  would  almost  certainly  be  the  case. 

If,  in  accordance  with  Lapworth's  view,  mandelonitrile  unites  with 
benzaldehyde  to  form,  in  the  first  instance,  an  aldol-like  product, 
namely,  benzoincyanohydrin,  in  virtue  of  the  presence  of  the  labile 
hydrogen  atom  in  the  group  ICH'CN,  then  it  is  to  be  anticipated  that 
the  nitrile  will  be  found  capable  of  taking  part  in  other  condensations 
in  which  substances  yielding  aldols  in  this  way  play  a  part. 

One  of  the  most  familiar  reactions  of  such  compounds  is  that  in 
which  they  unite  with  ayS-unsaturated  ketones,  &c.,  in  accordance  with 
the  equation  (where  X=  'CO^-CN,  Ac.). 

x-cH  +  c:c-co = X-C-C-CH-CO, 
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Mundelonitrile  might  thus  be  expected  to  react  with  a)3-unsaturated 
ketones  as  follows  : 

C6H5-CH(CN)-OH  +  C:C-CO  =  H0-(CN)C(CeH5)-C-CH-C0, 

that  is,  yielding  the  cyanohydrin  of  a  S-diketone, 

C0(C«H5)-C-CH-C0, 

which  the  product  might  at  once  give  by  elimination  of  hydrogen 
cyanide,  as  in  the  benzoin  condensation  itself. 

On  making  experiments  in  this  dii'ection  with  mandelonitrile  it  was 
found  that  the  latter  was  too  unstable  and  that  the  products  of  its 
decomposition  took  part  in  by-reactions  which  obscured  the  result  of 
the  condensation  and  similar  results  attended  the  use  of  the  benzoyl 
derivative  of  mandeloniti"ile.  It  was  therefore  decided  to  employ  a 
derivative  of  the  nitrile  less  easily  affected  by  alkalis,  but  of  exactly 
analogous  structure,  and  for  this  purpose  the  aniline  derivative, 
namely,  tbe  compound  obtained  by  combining  hydrogen  cyanide  with 
benzylideneaniline,  CgH5'CH(CN)'NH*CgH5,  was  used. 

Comparing  the  expected  reactions  of  this  compound  with  the 
reaction  III  and  IV  respectively,  supposed  to  obtain  during  the 
benzoin  reaction,  we  have 

C:C.CO  +  CgH,.CH(CN)-NHPh  =  ^'^^'."^IcH^c™^^ 

(compare  III,  p.  695)  and 

C,H,-C(CN).NHPh^CgH,.C:NPh 

•C-CH-CO  -C-CH-CO  ' 

(compare  IV,  loc.  cit.),  that  is  to  say,  the  phenylimino-derivative  of 
the  /3-benzoyldihydroketone  would  finally  be  obtained. 

On  trying  the  reaction  with  carvone  as  the  unsatui'ated  ketone  it 
was  found  to  occur  in  exactly  the  manner  anticipated,  the  phenyl- 
imino-derivative of  /?-benzoyldihydrocarvone  being  produced. 

OjHs-NH-CHPh-CN  +  CH<°^'.gjj,p  g°>CH,  = 

C,H,-NH-CPh(CN)-CH<°™^— °0>CH,  = 

HON  +  C.H,N:CPh-CH<g;^»I^— JO>CH,. 

The  new  substance  is  easily  hydrolysed  by  acids  with  formation  of 
aniline  and  two  stereoisomeric  benzojldihydrocarvones, 

C0Ph-CH<(,jj^.(5jj^^.^y^^>CH.. 

One  of  these  is  present  in  preponderating  amount,  and  has  the 
properties  which  should  attach  to  a  substance  having  the  structure 
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here  assigned  to  it.  Thus,  it  absorbs  only  one  molecular  proportion  of 
bromine,  showing  that  it  now  contains  only  the  carbon  double  linking 
in  the  isopropenyl  group.  It  shows  the  phenomenon  of  mutarotation 
in  presence  of  traces  of  alkalis  indicating  that  it  contains  the  group 

^^CH'CO*,  not  present  in  the  original  carvone.     Further,  although 

it  could  be  made  to  unite  with  only  one  molecular  proportion  of  hydr- 
oxylamine,  its  dioxime  was  finally  isolated  by  the  indirect  process  of 
treating  tlie  original  phenylimino  compound  with  hydroxylamine 
acetate,  aniline  being  eliminated  in  the  process. 

A  by-product  obtained  during  the  condensation  of  benzylidene- 
aniline  hydrocyanide  with  carvone  is  worthy  of  brief  notice  here. 
It  has  the  composition  of  a  compound  of  benzylideneaniline  and 
benzylideneaniline  hydrocyanide  united  in  molecular  proportions,  and 
is  almost  certainly  formed  by  a  leaction  again  precisely  analogous 
to  the  benzoin  condensation  proper,  its  formation  being  represented  as 
follows, 

NPhlOnPh  +  CHPh(CN)-NHPh  =  NHPh-CHPh'CPh(CN)-NHPh, 

when  it  is  formulated  as  benzoincyanoliydrin,  in  which  the  hydroxyl 
groups  are  I'eplaced  by  aniline  residues. 

The  above  synthesis  of  the  anil  of  benzoyldihydrocarvono  appears 
to  confii'm  the  view  that  mandelouitrile  is  in  reality  an  intermediate 
product  in  the  benzoin  synthesis,  but  at  the  same  time  it  suggests  an 
analogy  with  the  hypothetical  condensation  as  expressed  by  Bredig 
and  Stern  (given  on  p.  696),  for  in  both  a  cyanogen  ion  is  eliminated 
and  the  product  thus  found  without  cyanogen.  It  was  therefore 
thought  very  desirable  that  other  cases  of  the  condensation  of  benzyl- 
ideneaniline hydrocyanide  with  u/3-unsaturated  ketones  should  be 
investigated  in  the  expectation  that  the  intermediate  cyano-compound 
corresponding  to  that  postulated  by  Lapworth  might  be  sufficiently 
stable  to  be  isolated. 

This  hope  was  realised  when,  instead  of  carvone,  benzylideneaceto- 
phenone  was  used.  The  interaction  of  the  latter  and  benzylidene- 
aniline hydrocyanide  takes  place  very  rapidly  in  dilute  alcoholic 
solution,  and  if  the  proper  conditions  are  employed  the  product 
separates  at  once  on  addition  of  a  little  alkali  to  the  mixed  solution, 
and  the  reaction  takes  place  in  the  following  manner  : 

COPh-CHICHPh  -I-  CHPh(CN)-NHPh  = 

C0Ph-CH2-CHPh-CPh(CN)-NHPh. 

This  substance,  the  analogue  of  benzoincyanohydrin,  retains  its 
hydrogen  cyanide  with  remarkable  tenacity,  but,  when  heated  above 
its  melting  point,  loses  the  elements  of  hydrogen  cyanide  and  of  water. 
This  is  easily  understood,  as  elimination  of  hydrogen  cyanide  would 
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lead   to  the   formation   of  the   aniline    derivative    of    an   open   chain 
8-diketone  (in  this  instance  of  desylacetophenone), 
NPh:CPh-CHPh-CH2-C0Ph, 
but  these  compounds  very  readily  pass,  with  loss  of  water,  into  sub- 
stituted pyrroles,  and  the  product  here  should   therefore  yield  tetra- 
phenylpyrrole, 

CPh-NPh 
CPh-CH^ 

On  examination  the  product  was,  in  fact,  found  to  be  identical  with 
the  substance  having  the  structure  depicted,  obtained  by  Smith 
(Trans.,  1890,  57,  646)  on  heating  desylacetophenone  with  aniline. 

It  is  worthy  of  note  that  the  original  process  for  preparing  this 
compound  from  benzaldehyde  involved  (1)  the  benzoin  condensation, 
(2)  the  interaction  of  the  product  and  acetoi^henone,  and  (3)  the 
action  of  aniline  on  the  compound  so  obtained.  In  the  present  case 
the  same  reactions  are  used,  but  in  a  different  order,  the  benzoin  con- 
densation being  brought  about  in  a  manner  which  throws  definite 
light  on  the  changes  involved  therein. 

It  should  be  mentioned  that  benzylideneaniline  itself  does  not  yield 
the  condensation  pi-oducts  described  in  this  paper,  the  presence  of 
cyanide  and  alkali  being  essential  in  both  instances  as  in  the  benzoin 
condensation  proper. 

EXPEBIMENTAL. 

Condensation  of  Benzylideneaniline  Hydrocyanide  loith  Carvone. 
(3-P/ienyliminobenzoyldihydrocarvo')ie, 

C,H.N:C(0„H,).OH<;^™e— CO>pjj, 

Preliminary  experiments  having  shown  that  mandelonitrile  was  too 
readily  decomposed  by  alkali  to  form  condensation  products  with 
a/3-unsaturated  ketones,  its  aniline  derivative  was  prepared  by  shaking 
a  cold  alcoholic  solution  of  benzylideneaniline  with  the  requisite 
quantity  of  hydrogen  cyanide  in  presence  of  potassium  cyanide,  a 
method  which  gives  a  nearly  quantitative  yield  of  the  hydrocyanide. 

Twenty-two  grams  of  this  substance  were  mixed  with  15  grams  of 
carvone  and  an  equal  bulk  of  alcohol,  and  the  whole  warmed  until  a 
clear  solution  was  formed.  On  cooling  rapidly  to  25°,  and  before  the 
hydrocyanide  had  commenced  to  separate,  12  c.c.  of  a  50  per  cent, 
solution  of  potassium  hydroxide  were  added ;  the  whole  was  cooled  in 
a  stream  of  water  and  allowed  to  remain  with  occasional  shaking  for 
some  hours.  Water  was  then  added  to  the  pasty  product,  the  insoluble 
material  being  collected  and  washed  free  from  alkali.  When  dry, 
the  nearly  solid  mass  was  extracted  with  cold  carbon  disulphide,  which 
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was  separated  by  decantation  and  mixed  with  one  and  a  half  times  its 
bulk  of  light  petroleum  in  order  to  precipitate  unchanged  benzylidene- 
aniline  hydrocyanide.  The  filtered  solution  was  evaporated  to  about 
two-thirds  of  its  original  bulk  and  allowed  to  cool.  Large  transparent 
rhombs  of  the  condensation  product  slowly  separated  and  were  collected 
and  recrystallised  twice  from  alcohol.     On  analysis  : 

0-2012  gave  0-6126  CO.,  and  0-1392  HgO.     C  =  83-0;  H  =  7-7. 
0-1998     „     0-6090  00^,    „    0-1363  HgO.     C  =  83-l ;  H  =  7-6. 
0-1918     „     7-0  c.c.  moist  nitrogen  at  15°  and  765  mm.    N  =  4-3. 
C.23H25ON  requires  C  =  83-4  ;  H  =  7-6  ;  N  =  4-2  per  cent. 

The  molecular  weight  of  the  compound  in  benzene  solution  was 
determined  by  the  cryoscopic  method.  The  addition  of  0-5063  gram 
of  the  substance  to  16-68  grams  of  benzene  caused  a  depression  in  the 
freezing  point  of  0-47°,  and  a  subsequent  addition  of  041 73  gram  of 
the  substance  produced  a  further  depi'ession  of  0-375°.  The  molecular 
weight  as  indicated  in  these  experiments  was  323  and  333  respectively, 
that  calculated  for  a  compound  having  the  formula  C23H25ON 
being  331. 

^-Phenyliminobenzoyldihydrocarvone  is  slightly  soluble  in  light 
petroleum  and  dissolves  very  readily  in  alcohol,  ether,  benzene,  carbon 
disulphide,  or  chloroform.  It  crystallises  from  alcohol  or  carbon  disul- 
phide  in  large,  transparent,  pale  yellow  rhombs  which  melt  at 
98-5 — 100°.  The  crystals  are  biaxial  in  character,  the  axial  angle 
being  wide  and  the  double  refraction  strong. 

For  the  determination  of  the  rotatory  power,  0-2500  gram  dissolved 
and  made  up  to  25  c.c.  with  absolute  alcohol  was  examined  in  a  2-dcm. 
tube  at  17°.      The  rotation  observed  was  -  7-38°,  whence  [ajo  -  369-0. 

The  substance  decomposes  slowly  at  the  ordinary  temperature,  and 
specimens  which  have  been  crystallised  from  alcohol  deteriorate  more 
rapidly  than  those  obtained  from  solution  in  carbon  disulphide.  In  a 
few  months  the  material  is  converted  into  a  viscid,  transparent  oil 
which  did  not  crystallise.  The  change  may  be  brought  about  rapidly 
by  warming  the  compound  on  the  water-bath. 

The  substance  unites  directly  with  hydrocyanic  acid  in  presence  of 
bases,  but  does  not  yield  a  well-defined  semicarbazone  or  phenylhydr- 
azone.  With  hydroxylamine,  it  gives  an  oxime  of  the  corresponding 
diketone,  aniline  being  eliminated. 

The  cyanohydrin,  CjgH.^gONjHCN,  was  prepared  by  dissolving  the 
foregoing  phenylimine  in  alcohol,  adding  the  calculated  quantity  of 
potassium  cyanide  dissolved  in  a  small  quantity  of  water,  and  then 
acidifying  with  acetic  acid  drop  by  drop.  The  crystalline  material 
which  separated  was  collected,  washed,  and  dried. 
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The  substance  could  only  be  crystallised  from  chloroform,  and  the 
crystals  which  separated  contained  chloroform  of  crystallisation.  It 
was  not  found  possible  to  expel  this  by  heat  : 

0-2102  gave  0-1243  AgCl.    CHCl3  =  16-4. 

0-5607     „     31-9  c.c.  moist  nitrogen  at  14^  and  759  mm.  N  (calcu- 
lated for  the  chloroform-free  substance)  =  8-0. 

C.23Ho50N,HCN  requires  ]Sr  =  7-8  per  cent. 

The  compound  crystallised  in  minute,  colourless,  slender,  silky  needles, 
readily,  soluble  in  chloroform,  less  readily  so  in  alcohol,  ether,  acetone, 
or  carbon  disulphide,  and  sparingly  so  in  light  petroleum. 

Formation  of  Isomeric  P-Benzoyldihydrocarvones, 

The  phenylimino-compound  is  readily  hydrolysed  by  dilute  mineral 
acids,  and  the  following  method  furnishes  a  good  yield  of  the  corre- 
sponding diketone.  The  substance  is  covered  with  five  times  its  weight 
of  aqueous  hydrochloric  acid  and  warmed  on  the  water-bath.  The 
yellow  crystals,  at  first,  in  part  dissolve,  but  after  a  few  minutes  the 
clear  solution  becomes  turbid  and  an  oil  separates  ;  this  increases  in 
amount  until  all  the  crystals  have  disappeared.  At  the  end  of  half  an 
hour,  the  liquid  is  cooled,  the  oil  collected,  washed  with  water,  and 
triturated  with  a  little  alcohol.  A  few  crystals  separate  and  the 
amount  of  these  rapidly  increases  if  a  few  drops  of  sodium  hydroxide 
solution  are  added.  The  solid  matter  is  then  separated  from  the 
residual  oil  by  filtration  and  purified  by  repeated  crystallisation  from 
hot  alcohol  : 

0-2038  gave  0-5945  CO.3  and  0-1442  HgO.    C  =  79-6  ;  H  =  7-9. 
C^^HgoOg  requires  C  =  79-70  ;  H  =  7-8  per  cent. 

The  new  compound  dissolves  readily  in  most  of  the  ordinary  media, 
with  the  exception  of  light  petroleum,  and  separates  from  hot  alcohol 
in  crystals  which  melt  at  117 — 118°. 

The  crystals  are  irregular,  opaque  plates  with  pectinate  edges,  and  the 
optical  properties  could  not  be  distinguished.  After  fusion  between 
glass  slips  the  substance  solidifies  rapidly  just  below  its  melting  point 
to  patches  of  transparent  plates  and  few  air  spaces ;  in  convergent 
polarised  light  some  of  these  plates  show  a  biaxial  figure  of  small 
angle.     The  double  refraction  is  positive  in  sign  and  weak. 

For  the  determination  of  the  optical  activity,  0-2500  dissolved  and 
made  up  to  25-1  c.c.  with  absolute  alcohol  at  18°  was  examined  in  a 
2-dcm.  tube. 

The  rotation  observed  was  constant  at  -  1-01°,  whence  [aj^  -50-7, 
but  when  a  trace  of  sodium  ethoxide  was  added,  the  rotation  decreased 

VOL.    XCI.  3   A 


702  CLARKE   AND    LAPWORTH  : 

until  at  the  end  of  a  few  hours  it  attained  the  value  -080°  at  18°, 
corresponding  with  [a] u   -  4:0"2. 

This  change  in  rotatory  power  indicates  the  probable  existence  of 
stereoisomeric  forms  of  the  ketone,  and  this  explains  the  effect  of 
alkali  on  the  crude,  oily  ketone.  An  isomeride  was  obtained  from  the 
mother  liquor  from  which  the  ordinary  variety  had  been  isolated.  This 
was  deposited  in  prismatic  needles  which  were  separated  mechanically 
from  the  pectinate  crystals  of  the  first  modification,  and  were  recrystal- 
lised  from  alcohol.     On  analysis  : 

01934  gave  0-5653  CO2  and  0-1349  HgO.    C-79-7;  H  =  7-7. 
Cj^HjoOg  requires  C=  79*7  ;  H  =  7-8  per  cent. 

The  crystals  melt  at  84—86°,  but  further  investigation  of  this  com- 
pound was  not  possible,  owing  to  the  small  quantity  available. 

The  ordinary  form  of  the  diketone  behaves  as  an  unsaturated  com- 
pound and  at  once  discharges  the  colour  of  solutions  of  bromine  in 
sodium  acetate,  or  of  potassium  permanganate. 

In  ordei'  to  determine  how  many  ethylenic  linkings  were  present,  1 
gram  of  the  substance  was  dissolved  in  acetic  acid  to  which  excess  of 
sodium  acetate  was  added,  and  then  titrated  with  a  standard  solution 
of  bromine  in  the  same  solvent ;  the  amount  of  bromine  absorbed  was 
0-645  gram,  hence  1  gram-molecule  of  the  ketone  requires  165  grams  or 
2  atoms  of  bromine,  indicating  the  presence  of  one  ethylenic  linking. 
The  product  was  an  oil. 

The  cyanohydrin  was  prepared  by  adding  hydrochloric  acid  to  a 
solution  containing  the  diketone  and  excess  of  potassium  cyanide  in 
dilute  alcohol.  On  dilution  with  water,  an  oil  was  precipitated  which 
slowly  solidified  and  was  purified  by  crystallisation  from  a  mixture  of 
benzene  and  light  petroleum  : 

0-2053  gave  88  c.c.  moist  nitrogen  at  17°  and  759  mm.     N  =  5-0. 
CjyHgoOojHCN  requires  N=^4-9  per  cent. 

The  compound  dissolves  freely  in  the  usual  organic  media,  with  the 
exception  of  light  petroleum,  and  separates  from  solution  in  rosettes 
of  plates  which  sintered  at  115°  and  melted  at  117 — 118°. 

The  crystals,  when  examined  in  convergent  polarized  light,  show, 
occasionally,  the  bisectrix  of  a  figure  of  moderate  angle  emerging 
nearly  normally  to  the  field.     The  double  refraction  is  negative. 

The  semicarhazide  was  prepared  by  warming  the  diketone  with  dilute 
alcoholic  semicarbazine  acetate  for  some  hours,  and  was  isolated  by 
diluting  the  liquid,  removing  the  precipitated  matter,  and  crystallising 
from  acetone.  The  crystals  contained  acetone  of  crystallisation,  which 
was  determined  by  heating  some  of  the  substance  at  100°  until  it 
was  constant  in  weight.     0-1423  lost  0  02 14  acetone,  or  15-0  per  cent. 


AN   EXTENSION   OF   THE   BENZOIN   SYNTHESIS.  "TOti 

"The  nitrogen  in  another  portion  of  the  same  specimen  of  the  sub- 
stance was  determined  : 

0-1431  gave  14-1  c.c>  moist  nitrogen  at  17°  and  756  mm.  N=:13-4.* 
CiyHgoOINgH'CO-NH^  requires  N  =  13-4  per  cent. 

The  semicarbazone  is  sparingly  soluble  in  most  of  the  ordinary 
organic  solvents,  and  sepax-ates  from  acetone  in  crystals  which,  when 
heated  rapidly,  fuse  at  89°,  evolving  acetone  with  effervescence.  The 
acetone-free  substance  melted  at  170 — 173°. 

The  dioxime,  G-^^'H-^^ll^'OW)^,  was  obtained  by  heating  the  anil  for 
some  hours  on  the  water-bath  with  a  solution  of  three  molecular  propor- 
tions of  free  hydroxylamine  in  dilute  alcohol ;  on  cooling,  a  solid 
separated  which  was  crystallised  from  dilute  alcohol  : 

0-1232  gave  0-3183  COg  and  0-0874  H2O.     0  =  705;  H  =  7-9. 
0-3321     „     27-3  c.c.  moist  nitrogen  at"  14-5°  and  765-5  mm.     N  =  9-7. 
C17H22O2N2  requires  C  =  71-3  ;  H  =  7-7  ;  N  =  9-8  per  cent. 

The  analysis  indicates  that  aniline  has  been  removed,  and  no 
difficulty  was  found  in  detecting  aniline  in  the  mother  liquor  by  any 
of  the  ordinary  tests. 

The  dioxime  dissolves  readily  in  hot  alcohol  and  separates  on  cooling 
in  slender,  white  needles  melting  at  138 — 139°. 


Examination    of  the  By-jjroduct   obtained   during   the  Preparation    of 
Phe7iyliminobenzoyldihydrocarvone. 

When  a  mixture  of  the  hydrocyanide  of  benzylideneaniline  and 
carvone  was  shaken  with  strong  alkali,  a  sparingly  soluble  substance 
was  always  formed  in  considerable  amount  and  was  sepai-ated  from  the 
mass  by  means  of  carbon  disvilphide,  in  which  it  is  insoluble. 

It  was  purified  by  dissolving  it  fractionally  with  benzene  in  a 
Soxhlet  extractor,  and  was  finally  obtained  as  a  silky,  homogeneous 
mass  of  needles  : 

0-2067  gave  0-6296  CO2  and  0-1116  H2O.     C  =  83-l  ;  H  =  60. 

0-0778  ,,  7-45  c.c.  moist  nitrogen  at  15°  and  747  mm,  N  =  110. 
CgyH^glSTg  requires  0  =  83-3  ;  H  =  5-9  ;  N=10-8  per  cent. 

The  substance  is  sparingly  soluble  in  alcohol,  chloroform,  or  acetone, 
and  separates  from  hot  benzene,  in  which  it  dissolves  somewhat  more 
freely,  in  crystals  melting  at  210 — 211°.  When  it  is  heated  above  its 
melting  point,  pungent  aromatic  fvimes  are  evolved. 

It  is  decomposed  by  hot  alcoholic  potassium  hydroxide,  yielding 
potassium  cyanide  ;  the  liquid  thus  obtained,  in  one  instance,  was 
allowed  to  evaporate,  when  a  solid  was  deposited  which,  when 
*  Calculated  on  acetone- free  substance. 

3  A  2 
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recrystallised  from  alcohol,  separated  in  nacreous  leaflets  melting  at 
54°.  This  substance  was  hydrolysed  by  acid,  giving  benzaldehyde 
and  aniline,  and  was  proved  to  be  benzylideneaniline,  by  the  mixed 
melting  point  method ;  no  other  compound  was  obtained. 

The  by-product  is  thus  formed   by   the   union    of  two  molecules  of 
benzylideneaniline  with  one  molecule  of  hydrogen  cyanide  : 
C2,H23N3  =  2C,3H,,N  +  HCN. 


Condensation  of  Benzylidenmniline  Hydrocyanide  with 
Benzylideneacetophenone. 
y-Cyano-a-henzoyl-y-anilino-fiy-dijyhenylproiJane, 

C,H,.C0-CH2-CH(C,H,)-C(C,H,)(CN)-NH-C,H,. 

Equimolecular  proportions  of  benzylideneacetophenone  and  benzyl- 
ideneaniline hydrocyanide  were  dissolved  separately  in  hot  alcohol,  the 
solutions  were  mixed  and  cooled  rapidly  to  35°,  when  a  few  drops  of 
a  50  per  cent,  solution  of  potassium  hydroxide  were  added,  and  the 
whole  allowed  to  remain  at  the  ordinary  temperature  until  the  crystal- 
line substance  which  separated  no  longer  increased  in  amount.  The 
product  was  collected,  washed  with  alcohol,  and  then  with  water,  and 
was  finally  crystallised  from  boiling  alcohol : 

0-1994  gave  0-6095  CO.,  and  01040  H^O.     C  =  83-4;  H  =  5-8. 
C29H04ON2  requires  C  =  83-7  ;  H  =  5-8  per  cent. 

The  compound  is  somewhat  sparingly  soluble  in  alcohol,  ethyl 
acetate,  or  acetone,  and  nearly  insoluble  in  benzene,  chloroform,  or 
light  petroleum.  It  separates  from  alcohol  in  small,  glistening 
needles,  which  melt  and  decompose  at  200°. 

The  crystals  under  the  microscope  are  seen  to  be  flat  needles  or 
elongated  rectangular  plates,  having  nearly  a  straight  extinction  in 
polarised  light.  Further  optical  characters  could  not  be  determined 
owing  to  the  small  size  of  the  forms.  When  warmed  with  strong 
alcoholic  potash  the  substance  is  in  part  decomposed,  the  odour  of 
acetophenone  may  be  distinguished,  and  the  mother  liquor,  on  treat- 
ment with  ferrous  sulphate,  ferric  chloride,  and  hydrochloric  acid, 
gives  a  precipitate  of  Prussian  blue. 


TetrapMnylpyrrole,  C6H5-N<^,|^«^^j:V^^jj^. 

A  few  grams  of  the  preceding  compound  were  heated  in  a  flask  over 
a  flame  until  effervescence  was  visible,  and  the  temperature  was  then 
maintained  about  this  point  until  further  action  ceased  ;  steam  and 
hydrogen    cyanide    were   easily   recognised    to    be   the   main    gaseous 
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products.     The  residue,  which  solidified   on  cooling,  was  purified   by 
crystallisation  from  hot  glacial  acetic  acid  : 

0-2022  gave  0-6685  COg  and  0-1044  H2O.     C  =  90-2  ;  H  =  5-7. 
CggHg^N  requires  C  =  90-6  ;  H  =  5-7  per  cent. 

The  compound  melted  at  197°,  and  further  examination  showed  that 
its  properties  were  identical  in  all  respects  with  those  of  tetraphenyl- 
pyrrole,  obtained  by  the  action  of  aniline  on  desylacetophenone  (Smith, 
Trans.,  1890,  57,  646). 

The  authors  desire  to  express  their  indebtedness  to  the  Research 
Fund  Committee  of  the  Chemical  Society  for  a  grant  which  defrayed 
part  of  the  cost  of  this  investigation. 

Chemical  Department, 

Goldsmiths'  College, 

New  Cross,  S.E. 
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By  Thomas  Stewart  Patterson  and  John  Kaye. 

In  a  recent  paper  (Trans.,  1906,  89,  1884)  we  described  the  prepara- 
tion and  optical  behaviour  of  ^menthyl  ^tartrate  and  its  diacetyl 
derivative.  We  also  gave  reasons  for  supposing  that  van't  Hoff's 
assumption  regarding  the  summation  of  the  rotations  of  several 
asymmetric  atoms  an  one  molecule  is  incorrect,  and  that,  on  the 
contrary,  if,  in  a  molecule  which  contains  several  asymmetric  centres, 
the  grouping  about  one  of  these  be  inverted,  the  corresponding  change 
in  the  rotation  may  not  be  arrived  at  merely  by  altering  the  sign  of 
the  part  of  the  total  rotation  due  to  that  particular  centre. 

This  conclusion  was  definitely  expressed  a  number  of  yeai's  ago  by 
Gadamer,  whose  work  we  have  only  recently  had  an  opportunity  of 
consulting.  Gadamer  (Arch.  Pharm.,  1899,  237,  92)  prepared  d-sec- 
butylthiocarbimide  from  Cochleria  officinalis,  and  this  compound  on 
heating  with  water  yielded  c^c?-dibutylthiocarbamide,  which  was  found 
to  have  a  molecular  rotation  of  +  77*08°  at  17°  in  3-3  percent,  solution 
in  alcohol. 

By  the  action  of  (Z^sec-butylamine  on  cZ-sec-butylthiocarbimide  a 
c?r-dibutylthiocarbamide  was  obtained  the  molecular  rotation  of  which 
under  the  same  conditions  was  +  34-84°,  distinctly  less  than  half  that 
of  the  compound  in  which  both  butyl  groups  were  dextrorotatory. 
Amplifying  this  in  a  later  paper  {Arch.  Pharm.,  1901, 239,  290),  he  says  : 
"  Fande  eine  einfache  Addition  der  beiden  optischen  Effecte  statt,  so 
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miisste  fiir  den  cZd^-Dibufcylthioharnstoff  [MJ^  dass  Doppelte  vou  den 
fiir  J?'-DibutyltluoharustofF  gefundenen  Werte  betragen,  also  6968°; 
statt  dessen  finden  wir  [M]d  =  77-08°,  also  rund  ein  Zebntel  mehr." 
The  point  is  referred  to  again  in  a  paper  by  Urban  (at  Gadamer's 
suggestion),  who  gives  data  for  butylcarbamides  and  butylthiocarb- 
amides  in  alcohol  and  chloroform  solutions,  and  arrives  at  the 
conclusion  :  "  Die  Regel  dass  die  optischen  Wirkungen  zweier  asymmet- 
rischen  Kohlenstoffatome  im  Molekiil  sich  summieren,  bestatigte  sich 
nicht"  (Arch.  Pharm.,  1904,  242,  85). 

It  appears  to  us,  however,  that  this  conclusion  is  not  justified  by 
the  evidence,  for  it  is  clear  that  the  compound  which  Gadamer  names 
<ir-dibutylthiocarbamide  must  consist  of  a  mixture  of  molecules  of 
(^(^-dibutylthiocarbamide  and'  c?^-dibutylthiocarbamide.  Novv  the 
latter  must  be  inactive,  and  therefore  the  principle  of  optical  super- 
position is  not  really  involved  here,  since  the  only  comparison  is 
between  the  rotation  of  pure  (/c?-dibutylthiocarbamide  on  the  one  hand 
and  of  (i(i-dibutylthiocarbamide  mixed  with  an  inactive  substance  on 
the  other.  Gadamer,  suggesting  an  alternative  explanation  of  the 
fact  that  the  rotation  in  the  latter  case  is  not  exactly  half  of  that  in 
the  former,  says  :  '*  Allerdings  ist  dabei  auf  die  Molekulargrosse  ncch 
keine  Rucksicht  genommen.  Es  ist  vielleicht  nicht  ausgeschlossen 
dass  dem  fZr-dibutylthioharnstoff  als  echte  racemische  Verbindung  die 
doppelte  Molekulargrosse  zukommt  und  dadurch  die  beobachtete 
Verschiedenheit  zu  erklai-en  ist"  (Arch.  Pharm.,  1901,  239,  290). 
This  suggestion,  although  not  impossible,  seems  to  us  improbable,  since, 
so  far  as  we  are  aware,  racemic  substances  always  dissociate  in  dilute 
solution  into  a  mixture  of  the  d-  and  Wsomerides.  A  much  more 
likely  explanation  of  the  experimental  numbers  is  that  cZ-butylthio- 
carbimide,  when  acted  on  by  fZ^.sec-butylamine  combines  preferentially 
with  the  ^-isomeride,  so  that  the  resulting  product  contains  a  greater 
number  of  molecules  of  c^^dibutylthiocarbamide  than  of  cZcZ-dibutyl- 
thiocarbamide,  in  which  case  the  rotation  of  the  mixture  would 
necessarily  be  less  than  half  that  of  the  pure  active  compound. 

We  are  thus  of  opinion  that  Gadamer's  results  do  not  supply 
data  whereby  the  question  of  optical  superposition  can  be  crucially 
tested.  In  our  last  communication  we  showed  that  this  can  best  be 
done  by  comparing  the  specific  or  molecular  rotations  of  sets  of 
compounds,  such,  for  instance,  as  ^-menthyl  cZ-tartrate,  Z-menthyl 
Z-tartrate,  and  ^menthyl  i-tartrate  or  their  acetyl  derivatives.  If  the 
rotation  of  the  i-compounds  be  found  equal  to  the  mean  of  the 
rotations  of  the  d-  and  Z-compounds,  van't  Hoff's  assumption  is 
proved  for  those  cases  at  least.  If,  on  the  other  hand,  the  values  found 
differ  to  an  extent  distinctly  beyond  the  experimental  error,  van't 
JIo^'s  assumption  must  be  regarded  as  disproved. 
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Oiu'  present  communication  gives  data  for  the  rotation  of  ^-menthyl 
diacety]-i-tartrate  in  the  homogeneous  condition  as  well  as  in  solution 
in  ethyl  alcohol,  benzene,  and  nitrobenzene,  and,  as  is  shown  further  on, 
these  data,  taken  in  conjunction  with  the  others  previously  published, 
furnish,  for  the  first  time,  conclusive  evidence  as  to  the  untenability  of 
van't  Hoff's  assumption  regarding  optical  superposition. 

Di-\-vienthyl  {-tartrate  was  prepared  by  mixing  10  grams  of  z-tartaric 
acid  with  50  grams  of  menthol  and  passing  dry  hydrogen  chloride 
through  the  mixture,  first  in  the  cold  and  then  at  a  temperature  of 
110 — 130°  for  about  twenty  hours.  The  excess  of  menthol  was  then 
distilled  off  under  reduced  pressure.  The  viscid  oil  which  remained 
was  dissolved  in  ethyl  alcohol  and  boiled  with  animal  charcoal  for 
two  hours.  On  addition  of  water  to  the  filtered  solution  the  tartrate 
was  precipitated  as  an  oil,  but  although  various  methods  were 
tried  it  did  not  crystallise.  It  was  therefore  converted  directly  into 
the  diacetyl  derivative. 

Di-\-menthyl  diacetyl-i-tartrate  was  readily  obtained  by  boiling  the 
menthyl  tartrate  with  acetyl  chloride.  The  solid  which  remained 
after  the  excess  of  acetyl  chloride  had  been  distilled  off  was  washed 
with  water  and  sodium  carbonate  solution  and  crystallised  twice  from 
methyl  alcohol.  The  melting  point  was  129°,  which  is  higher  than  that 
of  either  the  corresponding  d-  (108°)  or  I-  (102 '5°)  compound,  although 
the  melting  point  of  i-tartaric  acid  (143°)  is  lower  than  that  of  d-  or 
if-tartaric  acid  (172°).     On  analysis  : 

0-2186  gave  05272  COaand  0-1746  H^O.     0  =  6577  ;  H  =  B-87. 
CggH^gOg  requires  0  =  65-88  :  H  =  9-02  per  cent. 

The  composition  of  the  ester  was  further  verified  by  decomposing 
0-3435  gram  of  the  substance  with  20  c.c.  of  0-4021,^'^-ethyl-alcoholic 
potassium  hydroxide  solution.  To  neutralise  the  excess  of  alkali 
14-6  c.c.  of  03656  iV^-hydrochloric  acid  were  necessary.  Therefore 
6-72  c.c.  of  the  alkali  had  been  utilised  for  saponification  whilst 
theory  requires  6-70  c.c. 

When  melted  the  ester  was  slightly  opalescent,  and  as  this  greatly 
interfered  with  polai'imetric  measurements  the  preparation  was  boiled 
in  ethereal  solution  with  animal  charcoal  for  four  hours,  and  was  then 
twice  crystallised  from  absolute  ethyl  alcohol.  The  melting  point  was 
the  same  as  before.  The  compound,  thus  purified,  was  then  examined 
in  the  polarimeter  with  the  following  results,  but  owing  to  the 
readiness  with  which  the  ester  solidifies  on  cooling,  it  was  not  found 
possible  to  obtain  values  for  the  rotation  at  such  low  temperatures  as 
in  the  cases  of  the  d-  and  /-compounds  : 
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Rotation  of\-Menthyl  Diacetyl-i-tartrate. 

t°.  a«J(30mni.). 

145-6°  -15-888° 

122-6  16-145 

140-0  15-954 

130-1  16-060 

100-0*  — 

20-0  *  — 

Densities  determined  : 

Temperature 

Density 


Density. 

w;- 

m:- 

0-9540 

-55-52° 

-283-1° 

0-9751 

55-20 

281-5 

0-9592 

55-44 

282-7 

0-9683 

55-29 

282-0 

— 

54-88* 

280-0  ' 

— 

53-7* 

274-0  • 

134°                139-6° 

150-6° 

161-4° 

0-9636             0-9596 

0-9495 

0-9395 

*  Extrapolated. 

The  results  recorded  in  the  first  part  of  this  investigation  wer 
obtained  with  an  instrument  which  did  not  easily  allow  of  observa- 
tions at  temperatures  above  100°.  Our  rotation  data  for  ^menthyl 
diacetyl-c?-tartrate  would  therefore  require  to  be  extrapolated  in  order 
to  allow  of  comparison  with  those  given  above,  or  vice  versa.  We 
therefore  thought  it  worth  while  to  re-examine  ^menthyl  diacetyl- 
rf-tartrate  at  higher  temperatures  so  that  our  data  should  be  as  definite 
as  possible.*     The  values  found  were  as  follows  : 

Rotation  of\-Menthyl  Diacetyl-d-tartrate. 

t\  a';  (30  mm.).  Density.  [a]^.  [M]^. 

97  "2°  -13-345°  0-9970  -44-63°  --2-27-6° 

123-3  12-467  09758  42-59  2172 

134-4  12-171  0  9668  41-96  214-0 

These  numbers  agree  very  closely  with  the  values  previously 
obtained.  The  molecular  rotation  formerly  determined  at  99-2°  was 
—  227-2°,  which,  allowing  for  the  slight  diminution  of  rotation  due  to 
rise  of  temperature,  is  practically  identical  with  the  number  given 
above  for  97-2°. 

*  We  have  also  rtdetermined  tlie  density  of  this  substance.  Two  series  of 
observations  were  made  with  different  pykuometers,  the  results  being  as  follows  : 

Temperature    113°  134-5°  119°  146-5° 

Density    0-9835  0-9660  0-9801  0-9577 

These  values  agree  closely  with  each  other,  but  differ  slightly  from  those  given  in 
Trans.,  1905,  87,  40.  All  the  rotation  data  for  Z-menthyl  diacetyl-f^tartrate  in  the 
present  paper  are  calculated  by  means  of  the  new  density  determinations.  This 
redetermination  also  affects  the  numbers  for  Z-menthyl  diacctyl-c?-tartrate  quoted  in 
Trans.,  1906,  89,  1897,  but  the  necessary  changes,  which  are  small,  do  not  affect 
the  argument  in  any  way. 


STUDIES   IN    OPTICAL   SUPERPOSITION.      PART   III.  709 

Rotation  of  \-Menthyl  Diacetyl-i-tartrate  in  Solution. 

Solution  in  Ethyl  Alcohol  (d.  2074°  :  0-7915). 

The  ester  is  but  i-lightly  soluble  in  ethyl  alcohol,  and  it  was  therefore 
only  possible  to  examine  a  dilute  solution. 

p  :  0-4547. 

e.  a^°(400  mm.).  Density.  [a]'J.  [M];'. 

le-e"  -0-827°  0-7954  -57-2"  -291° 

35-5  0-828  0-7784  58-5  298 

20-0*  —  —  57-3*  292* 

Densities  determined  : 

Temperature 18-53°  23-2° 

Density 0-79368  0-78964 

Solution  in  Beiizene  (d.  2074°  :  0-87749). 
p:  5-20404. 

t°.  a''  (100  mm. 

17-2°  -2-225° 

30-3  2-250 

37-7  2-291 

50-5  2-314 

20-0  *  — 

Densities  determined  : 

Temperature   

Density  


Density. 

K- 

[»!]'; 

0-8885 

-48-12° 

-245-4° 

0-8746 

49-43 

252-1 

0-8668 

50-79 

2590 

0  8535 

52-10 

265-7 

— 

48-59  * 

247-8  ^ 

19° 

23° 

28-8° 

0-88641 

0-88233 

0-87617 

*  Interpola 

ited. 

Solution  in  Nitrobenzene  (d.  20°/4°  :  1-20328). 
p:  4-378. 

f.  a'JdOOmm.).  Density.  [a]^.  [M]'". 

17-2°  -2-504°  1-1984  -47*73°  -243-4° 

27-6  2-514  1-1883  48*32                     246-4 

37-4  2-574  1-1787  49-88                     254-3 

20*  —  —  47-81*                  243-8* 

Densities  determined  : 

Temperature  19-85°  22-1°  34-8° 

Density  1-19603  1-19385  1-18158 

*  Interpolated. 

Discussion  of  Results. 

We  may  now  consider  these  data  in  connexion  with  the  corresponding 
values  for  the  dextro-  and  IjBvo-compounds.  The  following  table 
exhibits  this  comparison  at  different  temperatures  for  the  homogeneous 
substances  : 
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Molecular  Rolation  of  \-Menthyl  Diacetyl-d-tartrate,  \-Menthyl  Diacetyl- 
\-tarirate  and  VMenthyl  Diacetyl-i-tartrate. 

I.  II.                  III.  IV. 

Z-Meiitliyl  Z-Meiithyl  Z-Mcnthyl 

diacetyl-  dincetyl-  Mean  of  diacetyl-  A. 

t°        rf-tartrate.  ^tartrate.  I  and  IJ.  i-tartrate.  IV^III, 

20°          -255°  -360°  -307 -5°  -274°  33-5° 

100               226  382                 304  280  24 

130               215  390                 302-5  282  20-5 

In  order  to  obtain  a  value  for  the  molecular  rotation  of  the  i-tartrate 
at  20^  extrapolation  through  100''  is  necessary,  and  therefore  the 
number  given  is  subject  to  error.  The  values  at  100°  and  130°  are 
more  trustworthy,  especi.illy  the  latter,  since  it  is-  found  by  interpola- 
tion.    The  values  for  the  d-  and  Z-esters  are  all  interpolated. 

It  will  be  observed  that  at  all  three  temperatures  tlie  molecular 
rotation  of  the  t-tartrate  is  very  distinctly — almost  10  per  cent. — 
greater  (that  is,  less  negative)  than  the  mean  of  the  values  for  the 
d-  and  Z-esters.  This  difference  is  greatest  at  low  temperatures,  so 
that  the  influence  of  rise  of  temperature,  in  this  as  in  many  other 
similar  cases,  is  to  diminish  those  forces  which,  acting  between  the 
atoms  of  a  molecule,  are  evidenced  by  absence  of  additive  regularities 
in  the  properties  of  tbe  substance.  The  properties — rotation  in  this  case 
— become  more  nearly  additive  at  higher  temperatures  than  they  are 
at  lower  ones. 

Solutions. — The  next  tible  gives  a  compai'ison  of  the  values  of 
molecular  rotation  which  we  have  found  for  these  esters  in  .solution  at 
20°.  The  numbers  given  for  the  d-  and  ^-tartrates  are  interpolated 
values  for  p  :  5  solutions.  Those  for  the  t-tartrate  are  as  stated.  The 
slight  difference  in  concentration  of  the  benzene  and  nitrobenzene 
solutions  would  have  no  appreciable  influence  on  the  relationship,  and 
this  is  also  the  case  for  the  somewhat  greater  difference  of  concentra- 
tion in  ethyl  alcohol. 

I.  II.  III.  IV. 

Z-Menthyl  Z-Menthyl  Z-Menthyl 

diacetyl-  diacetyl-  Mean  of  diacetyl-  A. 

Solvent.             fZ-taitrate.  Z-tartrate.  I  and  II.  i-tartrate.  IV — III. 

Ethyl  alcohol -268°  -367°  -317-5°  -  292°  (j3  :  0-455)  25-5° 

Benzene  285  313  299  248    (?)  :  5-2)  51 

Nitrobenzene 238  355  296-5  244    (j;  :  4-38)  52-5 

It  is  apparent  from  these  data  that  in  solution  also,  as  in  the  homo- 
geneous state,  the  values  for  the  rotation  of  the  i- tartrate  differ  quite 
markedly — almost  as  much  as  25  per  cent. — from  the  means  of  the 
values  for  the  d-  and  Z-tartrates,  and  therefore  that  van't  Hoff's  con- 
jecture regarding  the  summation  of  the  rotations  due  to  the  different 
asymmetric  carbon  atoms  in  a  compound  containing  several  is  incorrect. 
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The  proof  given  is,  we  think,  quite  conclupive,  since  the  differences 
upon  which  it  depends  are  in  all  cases  well  beyond  the  limits  of  the 
experimental  error,  and  the  work  is  free  from  objections  such  as  we 
have  discussed  in  the  previous  part  of  this  investigation. 

It  is  of  interest  to  compare  our  results  with  some  obtained  by  Walden 
{Zeitsch.  physikal.  Ghem.,  1896,  20,  377),  which  have  been  referred  to 
by  us  already  (Trans.,  1906,  89,  1887). 

His  figures  are  : 

[M]f. 

Di7-amyl  r-tartrate    +13-83° 

Di-^amyl  r//-tartrate 9'77 

The  rotation  of  di-^amyl  (i^-tartrate  should  represent  the  mean  of 
the  rotations  of  di-Z-amyl  (Z-tartrate  and  di-^amyl  ^tartrate  if  it  con- 
sisted— which  is  somewhat  doubtful — of  equal  numbers  of  these  mole- 
cules. It  will  be  observed  that  the  rotation  of  the  i-tartrate  is  greater 
than  that  of  the  c?^-tartrate,  and  the  same  relationship  occurs  in  all 
our  results ;  the  rotation  of  the  i-compound  is  always  greater  (less 
negative)  than  the  mean  value  for  the  d-  and  ^-derivatives,  and  there- 
fore we  must  conclude  that  the  rotation  due  to  a  given  asymmetric 
atom  in  a  compound  of  two  or  more  asymmetric  radicles  is  not 
independent  of  the  configuration  of  the  other  group  or  groups  with 
which  it  is  combined. 

It  gives  us  pleasure,  in  conclusion,  to  acknowledge  our  indebtedness 
to  the  Research  Fund  Committee  of  the  Chemical  Society  for  a  grant 
which  defrayed  the  expenses  of  this  investigation. 

Thj;  University, 

Glasgow. 


LXVII. — Injiuence  of  Non-electrolytes  a7id  Electrolytes 
on  the  Solubility  of  Sparingly  Soluble  Gases  in 
Water.     The  Questio7i  of  Hydrates  in  Solution. 

By  James  Charles  Philip. 

Many  investigations  have  recently  been  made  on  the  extent  to  which 
the  solvent  power  of  water  for  neutral  gases  is  affected  by  the  addition 
of  various  substances,  both  non-electrolytes  and  electrolytes  (see,  for 
example,  Steiner,  Wied.  Annalen,  1894,  52,  275 ;  Gordon,  Zeitsch. 
physikal.  Chem.,  1895,  18,  1  ;  Jahn,  ibid.,  18,  8;  Roth,  ibid.,  24,  114; 
Braun,  ibid.,  1900,  33,  721;  Knopp,  ibid.,  1904,  48,  97;  Hiifner, 
ibid.,  1907,  57,  611).     The  gases  studied  have  been  chiefly  hydrogen. 
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nitrogen,  and  nitrous  oxide,  and  the  results  show  that  the  solubility  of 
each  of  these  gases  is  markedly  less  in  a  salt  solution  than  it  is  in 
water.  The  relation  between  the  diminution  of  solubility  and  the 
concentration  of  the  salt  is  generally  expressed  by  the  empirical 
formula  (a-a')/i/3  =  a  const,,  where  a  and  a  are  the  absorption 
coefficients  for  the  gas  in  pure  water  and  salt  solution  respectively, 
and  M  is  the  number  of  gram-molecules  of  salt  per  unit  volume  of  the 
solution.  It  has  not  been  found  possible  to  represent  the  influence  of 
non-electrolytes  on  the  solubility  of  gases  in  a  similar  manner ;  the 
difference  a  -  a'  is  sometimes  very  small  in  the  case  of  non-electrolytes, 
and,  generally  speaking,  their  effect  in  lowering  the  solubility  of  gases 
is  much  less  than  that  due  to  salts.  Provided  the  solutions  of  the 
non-electrolytes  are  dilute,  the  relation  CJC2=^,  where  C\  and  Cg 
are  the  molecular  concentrations  of  the  gas  dissolved  to  saturation, 
firstly  in  pure  water,  and  secondly  in  a  non-electrolytic  solution,  has 
been  deduced  theoretically  by  Jahn,  and  verified  experimentally  in  a 
number  of  cases.  But  this  formula  is  not  applicable  to  the  absorption 
of  gases  by  salt  solutions,  and  hence  the  desire  arises  to  find  some 
common  foundation  on  which  the  representation  of  the  behaviour  of 
electrolytes  and  non-electrolytes  alike  may  be  based. 

It  is  here  suggested  that  the  influence  of  electiolytes  and  non- 
electrolytes  on  the  solubility  of  gases  may  be  adequately  interpreted 
by  reference  to  two  factors.  Firstly,  it  may  be  supposed  that  in  the 
majority  of  cases,  at  least,  the  electrolyte  or  non-electrolyte  is  not 
responsible  for  any  of  the  absorption,  and  accordingly  the  standard 
absorbing  volume  should  be,  not  1  c.c.  or  1000  c.c.  of  the  solution, 
but  that  volume  of  the  solution  which  contains  1  gram  or  1000 
grams  of  the  pure  solvent.  Secondly,  hydration  of  the  electrolyte  or 
non-electrolyte  may  occur,  and  it  may  be  supposed  that  the  solvent 
which  is  thus  attached  is  no  longer  free  to  absorb  the  gas.  The 
latter  suggestion  has  already  been  brought  forward  in  a  general  way 
(see,  for  example,  Baur,  Ahrens'  Sammlung,  1903,  8,  466  ;  Lowry, 
Trans.  Faraday  Soc,  July,  1905). 

The  importance  of  the  first  of  these  two  considerations  has  lately 
been  made  evident  by  the  work  of  Morse  and  Frazer  on  the  osmotic 
pressure  of  aqueous  solutions  of  sucrose  and  dextrose  {Amer.  Chem.  J., 
1905,  34,  1  ;  1906,  36,  1,  39).  These  investigators  have  shown  that 
the  gas  laws  are  applicable  even  to  fairly  concentrated  solutions  of 
these  substances,  provided  one  takes  as  the  standard  osmotic  volume, 
not  1  litre  of  solution,  but  the  volume  of  solution  which  contains 
1000  grams  of  water.  In  other  cases  also  the  method  of  referring 
concentration,  not  to  1  litre  of  solution,  but  to  1000  grams  of  water, 
has  yielded  interesting  results  (see  Cohen,  Zeitsch.  physikal.  Chem., 
1897,  23,  442  ;  Caldwell,  Proc.  Roy.  Soc,  1906,  A,  78,  272). 
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The  experimental  material  available  for  testing  the  two  considera- 
tions just  advanced  is  none  too  plentiful  or  too  suitable.  In  the  first 
place,  it  is  obviously  desirable  that  only  those  cases  should  be  chosen 
in  which  the  solubility  of  the  dissolved  gas  is  very  small,  and  on  this 
ground  experiments  with  nitrous  oxide  will  not  be  considered.  In  the 
second  place,  it  must  be  said  that  the  agreement  between  the  results 
of  different  observers  is  not  all  that  might  be  desired.  In  what 
follows,  reference  will  be  made  chiefly  to  the  work  of  Knopp  {loc.  cit.) 
and  Steiner  (loc.  cit.). 

Knopp  has  determined  the  solubility  of  hydrogen  in  chloral  hydrate 
solutions,  and  finds  that  the  absorption  coefficient  falls  regularly  as 
the  concentration  of  the  chloral  hydrate  increases.  The  absorption 
coefficient  in  pure  water  at  20°  is  0*01883,  that  is,  1000  grams  of 
water  absorb  practically  18  83  c.c.  of  hydrogen  at  20°.  At  this 
temperature  the  absorption  coefficient  in  a  7'69  per  cent,  solution  of 
chloral  hydrate  is  0*01802,  that  is,  1  litre  of  this  solution  absorbs 
18*02  c.c.  of  hydrogen.  But  a  determination  of  the  density  shows 
that  1  litre  of  this  solution  contains  only  952*4  grams  of  water,  the 
absorbing  substance,  hence  the  values  for  the  absorption  coefficient  in 
pure  water  and  in  the  solution  cannot  properly  be  compared.  If, 
however,  that  volume  of  solution  were  taken  which  contains  1000 
grams  of  water,  the  volume  of  hydrogen  absorbed  would  be  18 '02  x 

=  18-92    c.c,    practically   the    same    volume  as    is    absorbed    by 

952*4  '    F  J  J 

1000  grams  of  pure  water  at  the  same  temperature.  For  other  solu- 
tions of  chloral  hydrate  up  to  30  per  cent,  strength,  corresponding  to 
something  above  2i\^  concentration,  a  similar  result  is  obtained,  as  is 
shown  in  the  following  table.  The  second  column  contains  Knopp's 
data,  the  third  column  gives  the  figures,  calculated  as  above,  for  the 
quantity  of  hydrogen  absorbed  by  that  volume  of  the  solution  which 
contains  1000  grams  of  water  : 

Table  I. 

Vohime  of  hydrogen  absorbed 


Percentage  of  , 

chloral  hydrate.  by  1  litre  of  solution,     by  1000  grams  of  water. 

4-91  18-39  c.c.  18-95  c.c. 

7-69  18*02     „  18*92  ,, 

14-56  17*12     ,,  18-78  ,, 

18-77  16*53     ,,  18-69  ,, 

29-5  15-42     „  19-07  ,. 

So  far  as  the  table  goes,  the  calculated  values  differ  only  slightly 
(mostly  less  than  1  per  cent.)  from  the  expected  value  18*83,  but  if  a 
similar  calculation  is  made  for  the  still  more  concentrated  solutions 
employed  by  Knopp,  the  numbers  obtained  rise  considerably  higher. 
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In  the  foregoing  calculations  it  has  been  tacitly  assumed  that  the 
second  main  factor  which  is  supposed  to  govern  the  diminution  of  solu- 
bility, namely,  hydration,  may  here  be  left  out  of  account.  This  pro- 
cedure is  justified  by  the  work  on  the  freezing  points  of  aqueous  solutions 
of  chloral  hydrate  carried  out  by  Jones  and  Getman,  who  have  shown 
that  chloral  hydrate  exerts  no  concentrating  effect  due  to  further 
combination  with  the  solvent  (see  Amer.  Chem.  J.,  1904,  32,  319). 

A  non-electrolyte  which  Jones  and  Getman's  work  has  shown  to 
exist  in  solution  in  a  hydrated  form  is  sucrose,  and  it  is  therefore 
interesting  to  find  that  this  substance  is  especially  effective  in  lowering 
the  solubility  of  hydrogen  in  water.  The  only  data  available  are  those 
recorded  by  Steiuer  {loc.  cit.),  and  although  his  value  for  the  absorption 
coefficient  of  hydrogen  in  water  is  lower  than  the  values  found  by  later 
observers,  his  results  may  be  compared  among  themselves.  For  the 
absorption  coefficient  of  hydrogen  in  water  and  in  sucrose  solutions  at 
15°,  he  found  the  values  given  in  the  second  column  of  Table  II. 


Table  II. 

Molecules 

percentage  of 

Volume  of  hydrogen  absorbed 

of  water 
to  1  molecule 

sucrose. 

bj'  1  litre  of  solution,     by  1000  grams  of  water. 

of  sucrose. 

0-00 

18-83   c.c.                         18-83   c.c. 

— 

16-67 

15-61     „                           17-5     ,, 

6-7 

30-08 

12-84     ,,                           16-3     ,, 

5-9 

47-65 

8-92     ,,                             14-0     ,, 

5-4 

The  numbers  in  the  third  column  have  been  obtained  in  the  way 
described  in  connexion  with  chloral  hydrate,  and  it  will  be  observed 
that  they  diminish  regularly ;  that  is,  the  first  of  the  two  factors 
suggested  is  not  alone  sufficient  to  account  for  the  influence  of  sucrose 
in  lowering  the  solubility  of  hydrogen.  If,  as  is  suggested  here,  hydra- 
tion is  the  other  chief  factor  to  be  reckoned  with,  the  defect  of  the 
numbers  in  the  third  column  from  18  "83  will  be  a  measure  of  the 
extent  of  hydration.  Thus,  that  volume  of  a  16-67  per  cent,  sucrose 
solution  which  contains  1000  grams  of  water  will  absorb  17-5  c.c.  of 
hydrogen.  If  the  water  were  all  "  free,"  it  should  absorb  18-83  c.c.  of 
hydrogen,  and  hence  the  conclusion  may  be   drawn  that  the   fraction 

18-83  —  1  7-5         1-33 

To^ITq —    =  roToQ  of  tli6  water  present  is  attached   to  the  solute. 

Hence  the  average  number  of  the  water  molecules  which  are  attached 

1-33x83-33x342       ^^       ^      ,         1 
to  one  molecule  of  sucrose  is  1  g.03  >ri6^6TxT8    '^"''-         "^  ^ 

more  concentrated  solutions  the  average  hydrates  are  those  with  5-9 
and  5  "4  molecules  of  water  respectively,  as  recorded  in  the  last  column 
of  Table  II.     The  variation  in  these   numbers   with  dilution  is  that 
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required  by  the  law  of  mass  action,  and  it  is  noteworthy  that  the 
extent  of  hydration  deduced  in  this  way  is  very  nearly  that  deduced 
by  Jones  and  Getman  from  their  freezing-point  experiments.  They 
found  that  the  average  number  of  water  molecules  associated  in  solu- 
tion with  one  molecule  of  sucrose  was  in  almost  all  cases  between 
5  and  8. 

As  Jones  and  Getman's  results  are  valid  for  0°,  it  is  to  be  expected 
that  the  hydrates  indicated  by  their  work  would  be  i-ather  more  com- 
plex than  those  existing  at  15°. 

The  behaviour  of  electrolytes,  as  well  as  that  of  non-electrolytes,  can 
be  interpreted  by  reference  to  the  two  factors  already  suggested.  In 
the  case  of  electrolytes,  the  influence  of  the  second  factor,  the  hydra- 
tion, predominates,  and  it  is  possible,  as  in  the  case  of  sucrose,  to 
deduce  the  average  molecular  hydration  of  an  electrolyte  from  the 
effect  which  it  has  in  lowering  the  solubility  of  hydrogen.  When 
Knopp's  work  on  the  solubility  of  hydrogen  in  potassium  chloride 
solutions  at  20°  is  examined  in  this  way,  the  following  values  are 
obtained  for  the  average  molecular  hydration  of  the  salt : 


Table 

III. 

Percentage 

of 

Av 

erage  molecular 

;assium  chloride. 

hydration. 

1-09 

9-8 

2-12 

11-1 

4-07 

10 

6-37 

10 

7-38 

10 

13-61 

7-6 

From  Steiner's  results  an  average  molecular  hydration  of  9 '4  is 
similarly  deduced  for  a  7 "48  per  cent,  solution  of  potassium  chloride. 
The  values  here  calculated  for  the  average  molecular  hydration  of  potass- 
ium chloride  are  considerably  lower  than  those  (26H2O  to  ISHgO  for 
solutions  of  concentration  N/IO  to  iV/2)  deduced  by  Biltz  in  his  study 
of  the  freezing-point  depression  [Zeitsch.  physikal.  Chem.,  1902,  40, 
220),  but  are  in  close  agreement  with  the  figure  (llHgO  for  iV/l  solu- 
tion) recently  recorded  by  Caldwell  (loc.  cit.). 

The  solubility  of  hydrogen  in  sodium  chloride  solutions  has  been 
determined  by  Braun  (loc.  cit.),  and  although  the  experimental  data 
here  available  are  not  quite  so  satisfactory,  it  may  be  shown  as  befoi-e 
that  the  average  molecular  hydration  increases  from  9*2  for  a  6  per  cent, 
solution  to  15 "4  for  a  1*52  per  cent,  solution.  According  to  Biltz 
{loc' cit.),  the  molecular  hydration  increases  from  19  for  an  i\72  solution 
to  25  for  an  iV7lO  solution,  whilst  Caldwell  finds  that  in  a  solution 
containing  1  gram-molecule  of  sodium  chloride  per  1000  grams  of  water 
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the  average  molecular  hydration  is  13.  Wlien  Brauu'.s  experiments 
on  the  influence  of  sodium  chloride  on  the  absorption  coeflicient  of 
nitrogen  are  taken  as  the  basis  of  calculation,  higher  values  (18"3 
in  a  6"4  per  cent,  solution)  are  obtained  for  the  average  molecular 
hydration. 

From  Steiner's  work  it  may  similarly  be  shown  that  in  a  normal 
solution  of  calcium  chloride  each  molecule  of  solute  is  associated  with, 
on  the  average,  about  21  molecules  of  water.  Studying  the  influence 
of  this  salt  on  the  rate  of  inversion  of  sucrose,  Caldwell  arrives  at  the 
figure  22  as  representing  the  molecular  hydration. 

When  Knopp's  accurate  work  on  the  absorption  of  hydrogen  by  solu- 
tions of  ammonium,  potassium,  and  sodium  nitrates  is  studied  from  the 
point  of  view  suggested  in  this  paper,  the  interesting  conclusion  is 
reached  that  in  NjX  solution  the  molecular  hydration  is  approximately 
2  for  ammonium  nitrate,  6  for  potassium  nitrate,  and  1 1  for  sodium 
nitrate. 

On  the  lines  already  laid  down,  the  influence  of  electrolytes  on  the 
solubility,  not  only  of  a  neutral  gas,  but  also  of  a  neutral  solid,  such  as 
phenylthiocarbamide,  can  be  adequately  interpreted.  From  Biltz's 
determinations  of  the  solubility  of  phenylthiocarbamide  at  20°  in  solu- 
tions of  sodium,  potassium,  and  barium  chlorides  {Zeitsch.  j)hysikal. 
Ckem.,  1903,  43,  41)  the  average  molecular  hydration  of  these  salts 
may  be  calculated  exactly  in  the  manner  already  described.  For  the 
calculation  of  the  molecular  hydration  the  densities  of  the  solutions  at 
20°  are  required,  and  as  these  are  not  recorded  in  Biltz's  paper  they  have 
been  determined.     The  values  found  are  given  in  the  following  table  : 

Table  IV. 

Potassium  chloride.  Sodium  chloride.  Barium  chloride. 


Average 

Average 

Average 

Concen- 

molecular 

molecular 

molecular 

tration. 

Density. 

hydration. 

Density. 

hydration. 

Density. 

hydration. 

iV/1 

1-0450 

11-9 

1-0385 

14-5 

1-0885 

26-2 

Nj-l 

1-0219 

12-3 

1-0163 

14-8 

1-0437 

25-6 

N/4: 

1-0102 

17-4 

1-0085 

16-3 

10210 

29-8 

The  values  found  in  this  way  for  the  molecular  hydration  of  potass- 
ium and  sodium  chlorides  agree  fairly  well  with  those  already  deduced 
in  this  paper  or  calculated  by  other  methods.  For  barium  chloride 
Caldwell  estimates  the  average  molecular  hydration  in  a  normal  solu- 
tion at  19,  a  value  somewhat  lower  than  those  deduced  from  Biltz's 
experiments  and  recorded  in  the  foregoing  table. 

It  appears  possible,  therefore,  to  interpret  generally  the  behaviour  of 
non-electi-olytes  and  electrolytes  alike  by  reference  to  the  two  factors 
suggested  in  the  beginning  of  this  paper.     It  is,  further,  noteworthy 
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that  the  values  found  for  the  molecular  hydration  of  dissolved  salts  by 
the  various  methods  should  agree  as  closely  as  they  do,  especially  when 
it  is  borne  in  mind  that  the  phenomena  on  which  these  values  are 
based  differ  so  widely  as  the  absorption  of  gases,  the  depression  of  the 
freezing  point,  and  the  inversion  of  sucrose. 

Royal  College  of  Science, 

South  Kensington,  S.W. 


LXVJII. — Organic  Derivatives  of  Silicon.  Part  III. 
d\-Benzyhnethylethylpropylsilicane  and  Experifrumts 
on  the  Resolution  of  its  Sulphonic  Derivative. 

By  Frederic  Stanley  Kipping. 

The  cZ^sulphonic  acid  obtained  by  heating  phenylbenzylethylpropyl- 
silicane  with  sulphuric  acid,  and  the  resolution  of  which  into  its 
optically  active  components  has  recently  been  recorded  (Part  II,  this 
vol.,  p.  209),  is  a  derivative  of  benzylethylpropylsilicol,  the  phenyl 
group  of  the  silicohydrocarbon  being  eliminated  as  benzeue  previous 
to  or  during  sulphonation  {loc.  cit.,  p.  223).  This  being  the  case,  it 
seemed  expedient  to  try  to  obtain  benzylethylpropylsilicol  by  a  more 
direct  method,  and  to  avoid  the  trouble  of  first  introducing  a  phenyl 
radicle  into,  and  then  displacing  it  from,  the  molecule  of  the  silicon 
compound.  With  this  end  in  view,  ethylsilicon  trichloride  was  treated 
with  magnesium  benzyl  chloride ;  the  interaction  proceeded  normally, 
and  the  yield  of  henzylethylsilicon  dichloride,  BzEtSiClg,  was  satis- 
factory, although  the  formation  of  dibenzyl  and  of  other  by-products 
could  not  be  avoided. 

Benzyhthylprojyylsilicyl  chloride,  BzEtPrSiCl,  was  then  prepared  by 
the  interaction  of  the  benzylethyl  derivative  and  magnesium  propyl 
bromide,  but  in  this  case  the  yield  was  poor,  owing  to  secondary 
reactions,  and  also  because  when  molecular  quantities  are  employed, 
a  considerable  proportion  of  the  benzylethyl  compound  remains 
unchanged. 

A  few  experiments  wex^e  made  with  this  c?^-chloride  in  order  to  test 
its  suitability  for  the  prepai*ation  of  an  optically  active  silicon  com- 
pound. It  was  caused  to  react  with  /j-toluidine,  but  the  resulting 
amine,  BzEtPrSi'NH'CgH^Me,  was  an  oil,  and  so  unstable  towards 
water  thnt  it  seemed  useless  to  prepare  corresponding  derivatives  of 
optically  active  bases  in  order  to  try  to  resolve  them  by  fractional 
crystallisation.     The  chloride  was    also  treated  with  silver  a'-bromo- 
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campliorsulphonate,  but  apparently  the  silicyl  ester  was  not  formed, 
the  results  of  these  experiments  confirming  on  the  whole  those  pre- 
viously described  in  the  case  of  phenylethylpropylsilicyl  chloride  and 
silver  camphorsulphonate  {iod  cit.,  p.  220)i  The  interaction  of  benzyl- 
ethylpropylsilicyl  chloride  and  ethyl  sodioacetoacetate  was  also  investi- 
gated in  the  hope  of  ultimately  obtaining  a  carboxylic  acid, 
BzEtPrSi'CHg'COgH,  which  might  be  resolved,  but  the  results  were 
very  unsatisfactory,  and  a  definite  product  was  not  isolated. 

The  decomposition  of  the  chloride  with  water  led  to  the  formation 
of  a  mixtuie  of  benzylethylpropylsilicol,  BzEtPr8i*0H,  and  the 
corresponding  oxide,  (BzEtPrSi).,0,  and  although  various  attempts 
were  made  to  diminish  the  proportion  of  the  latter,  they  met  with  no 
success,  nor  have  the  conditions  favourable  to  the  conversion  of  the 
silicol  into  the  oxide  been  determined,  although  certain  observations 
seem  to  show  that  the  change  takes  place  spontaneously  even  at  the 
ordinary  tempeiature. 

This  instability  of  the  tertiary  silicol  is  a  noteworthy  fact,  and 
seems  to  be  a  general  property  of  such  compounds,  or,  at  any  rate,  of 
those  which  contain  an  aromatic  radicle. 

Benzylethylpropylsilicol  is  sulphonated  very  rapidly  when  it  is 
heated  with  ordinary  sulphuric  acid  at  90 — lOO'^;  the  product  is  not 
homogeneous  and  seems  to  consist  of  two  acids.  One  of  these  is 
easily  isolated  in  the  form  of  its  ammonium  salt,  and  is  identical  with 
the  acid  obtained  by  the  sulphonation  of  phenylbenzylethylpropyl- 
silicane  under  the  conditions  previously  described  (this  vol.,  p.  224). 
This  acid,  for  the  reasons  already  given,  may  be  regarded  as  a  deriv- 
ative of  benzylethylpropylsilicyl  oxide ;  its  preparation  by  the  method 
now  described  (p.  727)  is  infinitely  preferable  to  that  involving  the 
use  of  phenylbenzylethylpropylsilicane.  The  second  product  of  the 
sulphonation  of  the  silicol  has  not  yet  been  examined ;  obviously 
it  may  be  the  internally  compensated  isomeride  of  the  compound  which 
has  been  resolved. 

As  the  results  of  the  investigation  of  the  sulphonic  acid,  obtained 
from  phenylbenzylethylpropylsilicane  and  from  benzylethylpropyl- 
silicol, gradually  led  to  the  conclusion  that  it  was  probably  derived 
from  the  oxide,  and  as  many  attempts  to  resolve  it  were  unsuccessful, 
it  seemed  possible  at  one  time  that  it  might  be  the  internally  com- 
pensated compound  ;  consequently  this  acid  lost  its  interest  to  a  great 
extent,  and  its  further  study  was  tempoi-arily  abandoned. 

A  moi'e  promising  line  of  investigation  seemed  to  offer  itself  in  the 
synthesis  of  a  silicohydrocarbon  such  as  benzylmethylethylpropyl- 
silicane,  BzMeEtPrSi,  which  would  contain  the  banzyl  group  necessary 
for  the  subsequent  formation  of  a  sulphonic  acid,  but  which,  owing  to 
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the  absence  of  hydroxyl,  could  not  yield  a  condensation  product  com- 
parable to  that  formed  from  the  silicol. 

di\-Benzylmethylethyl]y)'opylsilicane  was  therefore  prepared  by  the 
action  of  magnesium  methyl  iodide  on  benzylethylpropylsilicyl  chloride 
and  was  isolated  without  difficulty ;  as  it  was  found  to  sulphonate 
comparatively  easily,  the  isolation  of  the  sulphonic  derivative  and  its 
resolution  into  optically  active  components  seemed  to  be  almost  accom- 
plished facts. 

But  in  the  case  of  silicon  compounds,  in  spite  of  their  analogy  with 
those  of  carbon,  anticipations  are  not  always  realised ;  the  product 
of  sulphonation  proved  to  be  a  mixture,  which  for  a  long  time  very 
successfully  defied  all  the  author's  attempts  to  isolate  from  it  a  definite 
compound.  Ultimately  it  yielded  two  acids  which  were  obtained  in  a 
pure  condition  in  the  form  of  their  ^-menthylamine  salts.  The  one  of 
these  seemed  to  be  present  in  relatively  very  small  quantities  ;  its 
analysis  showed  that  it  was  not  derived  directly  from  the  silico- 
hydrocarbon,  but  from  benzylethylpropylsilicol ;  it  is  concluded,  there- 
fore, that  the  methyl  group  of  the  benzyl methylethylpropylsilicane 
is  eliminated  by  the  sulphuric  acid  in  a  manner  similar  to  that  in 
which  the  phenyl  group  of  phenylbenzylethylpropylsilicane  is  hydro- 
lysed  (this  vol.,  p.  223). 

The  other  Z-methylamine  salt  was  a  well-defined  compound  derived 
from  henzylmethylethylj/fojiylsilicanesulj^honic  acid, 

MeEtPrSi-CH^-CgH^-SOgH, 
but  the  quantity  obtained  after  weeks  of  fractional  crystallisation, 
was  so  small  that  the  prospect  of  preparing  sufficient  material  for 
resolution  experiments  was  by  no  means  inviting.  The  use  of  chloro- 
sul phonic  acid,  in  place  of  sulphuric  acid,  as  sulphonating  agent,  made 
an  extraordinary  difference ;  at  0°,  the  silicohydrocarbon  was  con- 
verted into  a  product,  from  which  the  pure  Z-menthylamine  salt  could 
be  easily  obtained  in  the  course  of  a  few  hours  and  in  very  satisfactory 
quantities. 

This  ^menthylamine  salt  is  a  very  well  characterised  substance,  and 
it  has  played  an  important  part  in  this  investigation  ;  it  crystallises  so 
well  and  so  readily,  perhaps  more  so  than  any  other  salt  which  has 
been  prepared,  that  it  has  been  repeatedly  used  in  the  isolation  and 
identification  of  the  acid.  Its  molecular  weight  in  methyl-alcoholic 
solution  was  found  to  be  normal,  but  in  other  solvents  the  results 
indicated  a  high  degree  of  association. 

Fractional  crystallisation  of  this  ^-menthylamine  salt  left  it  un- 
changed, and  although  up  to  the  present  at  least  seven  different  salts 
of  benzylmethylethylpropylsilicanesulphonic  acid  with  optically  active 
bases  have  been  very  carefully  examined  and  a  number  of   others  more 
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superficially  studied,  not  the  slightest  indication  of  a  resolution  of  the 
acid  has  been  observed. 

This  interesting  but  troublesome  behaviour  recalls  that  of  secondary 
butylbenzenesulphonic  acid,  CHMeEt'C^H^-SOgH,  which  was  recently 
examined  by  Klages  {Ber.,  1906,  39,  2131),  who  attempted  in 
vain  to  accomplish  the  resolution  of  several  of  its  alkaloidal 
salts. 

That  benzylmethylethylpropylsilicanesulphonic  acid  and  this  benzene- 
sulphonic  acid  are  not  easily  resolved  can  hardly  be  attributed  in  any 
way  to  the  presence  of  the  sulphonic  group,  inasmuch  as  the  optically 
active  sulphonic  acids  of  camphor  are  generally  so  efficient  in  resolving 
cZZ-bases  ;  nor  apparently  does  association  play  any  part,  the  molecular 
weight  of  the  ^-menthylamine  salt  of  the  silicanesulphonic  acid  being 
normal  in  methyl-alcoholic  solution. 

It  seems  more  likely  that,  in  consequence  of  the  similarity  of  the 
homologous  alkyl  groups,  the  asymmetry  of  the  silicon  molecule  is 
not  sufficiently  pronounced ;  in  the  case  of  some  carbon  compounds, 
the  constitution  of  which,  in  this  respect,  is  comparable  to  that  of  the 
acid  in  question,  resolution  is  sometimes  accomplished,  only  after  pro- 
longed fractional  crystallisation,  involving  the  use  of  large  quantities 
of  material,  as  found  by  Schiiltz  and  Marckwald  for  example,  who 
crystallised  about  1190  grams  of  the  brucine  salt  of  a-methylbutyric 
acid  twenty  times  before  obtaining  an  optically  pure  preparation. 

Nevertheless,  further  attempts  are  being  made  with  this  silicon 
derivative,  and  other  acids  of  a  like  structure,  but  in  which  the 
silicon  is  combined  with  more  dissimilar  alkyl  groups,  are  also  being 
studied. 

Benzylethylsilicon  Bichloride,  EtBzSiCl2. 

The  interaction  of  ethylsilicon  trichloride  and  magnesium  benzyl 
chloride  in  ethereal  solution  results  in  the  formation  of  benzylethyl- 
silicon dichloride,  dibenzylethylsilicyl  chloride,  and  apparently  other 
compounds  ;  the  crude  pi-oduct  also  contains  moderate  quantities  of 
dibenzyl.  To  avoid  the  formation  of  this  hydrocarbon  as  far  as 
possible,  the  preparation  of  the  magnesium  benzyl  chloride  is  carried 
out  at  0",  after  the  reaction  has  once  started,  using  an  efficient 
stirrer;  to  allow  for  its  formation,  17  grams  of  magnesium  are  em- 
ployed for  100  grams  of  the  ethylsilicon  trichloride,  instead  of  the 
theoretical  quantity. 

The  green  ethereal  solution  thus  obtained  is  added  drop  by  drop  to 
the  silicon  compound,  previously  mixed  with  a  little  ether  and  cooled 
in  ice  ;  the  separation  of  magnesium  chloride  commences  immediately 
and  there  is  a  development  of  heat,  so  that  vigorous  stirring  is 
advisable  during  the  whole  operation.     When  the   magnesium  com- 
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pound  has  been  added,  the  mixture  is  left  at  the  ordinary  temperature 
for  twelve  to  twenty-four  hours,  during  which  time  a  further  separation 
of  magnesium  chloride  occurs.  The  ethereal  solution  is  then  filtered 
and  the  residue  repeatedly  washed  with  ether  in  one  of  the  forms  of 
apparatus  already  described  (this  vol.,  p.  216), 

The  filtrate  and  washings  give  on  evaporation  a  dark  yellow  or 
brown,  fuming  liquid  which  contains,  in  addition  to  the  compounds 
named  above,  ether,  ethylsilicon  trichloride,  and  benzyl  chloride.  This 
mixture  is  first  distilled  from  an  ordinary  Wiirtz  flask  until  the 
thermometer  indicates  about  130°  and  the  pressure  is  then  reduced  to 
100  mm.  ;  most  of  the  liquid  now  passes  over  between  160°  and  180° 
and  is  collected  separately.  Above  this  temperature  the  thermometer 
begins  to  rise  more  rapidly  and  the  fraction  collected  from  180°  to 
200°  contains  but  little  of  the  desired  product ;  the  residue,  which 
consists  of  dibenzyl,  dibenzylethylsilicyl  chloride,  and  other  com- 
pounds has  been  examined  in  conjunction  with  Mr.  R.  Robinson,  and 
the  results  will  be  communicated  later. 

The  benzylethylsilicon  dichloride  is  isolated  from  the  fractions 
160—180°  and  180—200°  (100  mm.)  by  systematic  fractional 
distillation  under  100  mm.  pi^essure,  using  a  long  necked  flask  fitted 
with  a  rod  and  disc  column  (this  vol.,  p.  215)  ;  this  operation  is 
rendered  rather  troublesome,  apparently  by  the  presence  of  dibenzyl, 
which  seems  to  pass  over  at  temperatures  far  below  its  real  boiling 
point ;  but  finally  the  material  is  resolved  into  a  very  large  fraction 
boiling  at  168 — 170°,  and  very  small  ones  of  lower  and  of  higher 
boiling  point.  A  little  ethylsilicon  trichloride  may  be  recovered  from 
the  original  distillate  collected  up  to  130°  under  atmospheric  pi^essure 
(see  above). 

The  liquid  boiling  at  168—170°  (100  mm.),  the  yield  of  which  is 
60 — 80  per  cent,  of  the  theoretical,  is  sufficiently  pure  to  be  used 
directly  for  the  preparation  of  other  derivatives  ;  it  contains,  how- 
ever, small  quantities  of  impurity — probably  dibenzyl — and  on 
analysis  is  found  to  contain  only  about  31   per  cent,  of  chlorine. 

The  pure  compound  is  obtained  after  two  or  three  more  distillations, 
the  last  portions  being  rejected  each  time  ;  a  specimen  thus  prepared 
was  found  to  contain  31*9  per  cent,  of  chlorine,  the  halogen  being 
determined  volumetrically  (compare  this  vol.,  p.  217);  a  different 
sample  was  analysed  gravimetrically  : 

0-5203  gave  0-6670  AgCl.     CI  =  31-7.- 

CgH^^g^^g^^  requires  CI  =  32 -3  per  cent. 

Benzylethylsilicon  dichloride  is  a  colourless,  mobile,  fuming  liquid, 
boiling  at  169°  (thermometer  thread  entii^ely  in  vapour;  pressure  100 
pam.) ;  it  soon  turns  a  faint  pink  and  when  kept  for  some   time  it 
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becomes  yellow  unless  highly  purified  ;  it  is  immediately  decomposed  by 
water,  giving  benzylethylsilicone,  a  compound  which  has  been  investi- 
gated in  conjunction  with  Mr.  R.  Robinson,  and  an  account  of  which  is 
therefore  postponed. 


Benzyleihylpro'pylsilicyl  Chloride,  SiBzEtPrCl. 

When  an  ethereal  solution  of  magnesium  propyl  bromide  (1  mol.) 
is  added  to  benzylethylsilicon  dichloride  (1  mol.),  there  is  only  a 
very  slight  development  of  heat,  and  the  solutions  may  be  mixed 
fairly  rapidly,  cooling  merely  with  water  ;  at  first  no  separation  of 
magnesium  salt  occurs,  but  on  keeping  at  the  ordinary  temperature 
during  about  twenty -four  hours  a  considerable  deposit  is  formed.  In 
order  to  complete  the  interaction  the  mixture  is  first  boiled  for  some 
time,  using  a  reflux  condenser ;  the  ether  is  then  distilled  off  and  the 
residue  heated  on  the  water-bath  during  three  to  four  hours. 

The  pasty  mass  of  oil  and  magnesium  salt  is  now  transferred  to  one 
of  the  forms  of  apparatus  already  described,  with  the  aid  of  the  ether, 
which  has  been  distilled  off,  and  the  product  is  separated  by  filtering 
and  repeatedly  washing  with  ether  in  the  usual  way ;  on  evaporating 
the  ethereal  solution  there  is  almost  invariably  a  further  separation 
of  magnesium  salt,  which  may  necessitate  a  repetition  of  these  processes. 
The  filtrate  and  extracts  then  give  on  evaporation  an  almost  colour- 
less liquid,  which  is  first  distilled  from  an  ordinary  Wiirtz  flask  under 
a  pressure  of  100  mm.  ;  very  little  passes  over  below  about  185°,  but 
a  very  large  proportion  distils  between  180°  and  215°,  and  is  collected 
separately ;  above  this  temperature  the  thermometer  continues  to  rise 
rather  rapidly  to  360°  or  higher,  and  there  is  often  a  considerable 
quantity  of  magnesium  salt  left  in  the  flask,  even  when  the  original 
liquid  was  quite  clear. 

The  portion  of  the  crude  product  which  boils  above  215°  (100  mm.) 
is  a  viscid,  fuming  oil,  which  contains  little,  if  any,  benzylethyl- 
propylsilicyl  chloride  ;  the  last-named  compound  is  obtained  by 
systematically  fractionating  the  portion  boiling  from  180 — 215°,  using 
a  long-necked  flask  fitted  with  a  rod  and  disc  column.  Owing 
apparently  to  the  presence  of  a  moderate  quantity  of  unchanged 
benzylethylsilicon  dichloride,  the  boiling  point  at  first  rises  rather 
slowly  from  about  175°  to  about  190°  (100  mm.);  the  greater  part 
then  distils  between  190°  and  200°,  but  even  after  repeated  fractiona- 
tion the  boiling  point  does  not  become  very  definite,  so  that  it  is 
diflicult  to  ascertain  what  is  the  true  boiling  point  of  this  propyl 
derivative.  At  first  it  was  thought  to  be  about  190°,  but  various 
specimens  collected  at  this  temperature  were  found  to  contain  16*8  to 
17"8  per  cent,  of  chlorine  instead  of  the  theoretical  quantity,  namely. 
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15-7  per  cent.  In  later  experiments  samples  boiling  at  194 — 196° 
and  at  196 — 198°  were  collected  and  analysed  with  the  following 
results  : 

Fraction  1  94—1967100  mm.    0-5988  gave  0-3826  AgCl ;  CI  =  15-7. 

Fraction  196—1987100  mm.    0-6606  gave  0-4071  AgCl  ;  CI  =  15-2. 
C^2Hi(,CISi  requires  CI  =  15-7  per  cent. 

These  results  seemed  to  show  that  the  boiling  point  was  about  195°, 
and  that  the  fractions  collected  above  this  temperature  contained  a 
little  benzylethyldipropylsilicane.  In  the  hope  that  a  substance  of 
more  constant  boiling  point  might  be  obtained  by  fractionating  under 
different  conditions,  various  specimens  were  repeatedly  distilled  under 
a  pressure  of  50  mm.,  but  the  results  were  no  better  than  before  ;  the 
fraction  collected  from  172 — 176°  (50  mm.)  certainly  gave  satisfactory 
results  on  analysis  : 

0-2947  gave  0-1885  AgCl.     CI  --=  15-8  per  cent., 
but  a  product  of  really  constant  boiling  point  could   not  be  obtained 
in  any  large  quantity. 

Benzylethylpropylsilicyl  chloride  is  a  colourless,  fuming,  mobile  liquid, 
which  generally  becomes  slightly  pink  after  a  short  time,  apparently 
owing  to  the  presence  of  traces  of  iodine ;  *  it  is  immediately  decom- 
posed by  water,  giving  a  mixture  of  the  corresponding  alcohol  and 
oxide  (p.  726). 

If  air  be  admitted,  after  distilling  under  reduced  pressure,  while  the 
apparatus  is  still  hot  and  full  of  vapour  of  benzylethylpropylsilicyl 
chloride,  spontaneous  ignition  often  occurs  with  separation  of  carbon. 

The  liquid  boiling  above  215°  (100  mm.)  collected  from  various 
preparations  of  this  propyl  derivative  was  fractionated  under  a 
pressure  of  50  mm.  ;  the  thermometer  rose  rapidly  from  215°  to 
about  290°,  fairly  slowly  from  290°  to  320°,  and  then  more  quickly 
up  to  380°  or  higher.  The  liquid  passing  over,  from  about  290°,  is  a 
viscid,  yellow  oil,  which  shows  a  green  fluorescence  and  fumes  in  the 
air ;  the  portion  boiling  from  360°  upwards  fumes  very  little.  These 
liquids  doubtless  contain  some  very  interesting  compounds,  possibly 
some  having  a  closed  chain  structure,  but  their  investigation  has  not 
yet  been  attempted. 

It  is  difficult  to  state  exactly  the  yield  of  pure  propyl  derivative 
in  the  above  method  of  preparation,  but  the  quantity  of  product 
sufiiciently  pure  for  use  in  further  experiments  may  be  taken  as  from 
50 — 60  per  cent,  of  the  theoretical. 

*  Several  specimens  of  propyl  bromide  were  found  to  contain  a  little  combined 
iodine. 
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Interaction  of  Benzyhthyljyropylsilicyl  Chloride  and  Silver  d-Iiromo- 
cani2)horsulphonate. 

Although  the  attempts  to  obtain  the  c?-camphorsulphonate  of  phenyl- 
ethylpropylsilicol  were  quite  fruitless  (this  vol.,  p.  220),  the  inter- 
action of  the  compounds  named  above  was  investigated,  more  in  the 
expectation  of  confirming  previous  results  than  in  the  hope  of  forming 
a  stable  ester  in  accordance  with  the  following  equation  : 

SiBzEtPrCl  +  CioHi^BrO-SOgAg  =  SiBzEtPr-S03-CioHi4BrO  +  AgCl. 

Silver  bromocamphorsulphonate,  finely  powdered  and  dried  at  100°, 
was  gradually  added,  finally  in  slight  excess,  to  an  ethereal  solution 
of  the  silicon  compound  ;  an  immediate  separation  of  silver  chloride 
occurred  at  first,  but  the  last  small  quantity  added  seemed  to  be 
unchanged.  Th^  solution,  which  was  only  slightly  turbid,  was  imme- 
diately decanted,  and  the  residue  rapidly  washed  two  or  three  times 
with  dry  ether ;  this  residue,  on  examination,  was  found  to  contain 
a  small  quantity  of  silver  bromocamphorsulphonate,  but  otherwise 
consisted  only  of  silver  chloride. 

The  ethereal  solution  and  washings,  having  been  evaporated  out  of 
contact  with  moisture,  separated  into  two  layers,  and  were  then  mixed 
with  dry  light  petroleum ;  this  dissolved  the  upper  layer,  and  the 
solution  was  decanted  from  the  lower  one,  which  was  found  to  consist 
of  practically  pure  bromocamphorsulphonic  acid  (as  it  dissolved  in 
water  giving  a  clear  solution,  and  solidified  on  exposure  to  moist  air 
giving  the  hydrated  crystals  of  the  acid). 

The  petroleum  solution  gave  on  evaporation  an  oil  which  distilled 
without  decomposing  when  heated  in  small  quantities  under  atmo- 
spheric pressure  ;  as  this  product  could  not  possibly  be  the  ester,  it 
was  washed  with  a  little  water  (which  only  extracted  traces  of  the 
bromo-acid),  dried,  and  distilled  under  a  pressure  of  about  70  mm.  ; 
it  boiled  from  about  220°  to  above  350^,  and  yielded  nothing  more 
definite  than  a  main  fraction  collected  from  265°  to  290°  which  poss- 
ibly consisted  of  impure  benzylethylpropylsilicyl  oxide,  (8iBzEtPr)20 

As  in  the  above  experiment  water  was  rigidly  excluded  until  it 
was  found  that  the  bromocamphorsulphonic  acid  had  not  combined 
with  the  silicon  compound,  it  seems  clear  that  the  interaction  expressed 
in  the  above  equation  does  not  take  place ;  what  really  occurs  is  by  no 
means  obvious,  but  possibly  hydrogen  chloride  is  eliminated  from  the 
silicon  compound,  which  then  undergoes  polymerisation.  In  one 
respect  the  reaction  seems  to  differ  from  that  occurring  between 
phenylethylpropylsilicyl  chloride  and  silver  camphorsulphonate, 
namely,    that    in    the    latter,  case   a   considerable    proportion   of    the 
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chloride  is  converted  into  the  corresponding  silicol,  whereas  with  the 
benzyl  derivative  very  little,  if  any,  such  product  appears  to  result. 

Benzylethylpropylsilicyl-T^-toluidide,  EtPrBzSi'NH'OgH^Me. 

Experiments  with  phenylethylpropylsilicyl  chloride  having  shown 
that  compounds  of  the  type  SiRg'NHRare  decomposed  by  water  (this 
vol.,  p.  219),  there  did  not  seem  to  be  much  prospect  of  obtaining  a 
very  stable  compound  by  the  interaction  of  benzylethylpropylsilicyl 
chloride  and  ^-toluidine.  However,  as  the  introduction  of  a  benzyl  in 
place  of  a  phenyl  group  exercises  a  considerable  influence  on  some  of 
the  properties  of  the  silicon  compound,  it  was  not  impossible  that  this 
might  also  be  the  case  as  regards  the  stability  of  the  union  between 
nitrogen  and  silicon,  and  if  so,  suitable  products  might  be  utilised  for 
the  resolution  of  silicon  derivatives. 

Benzylethylpropylsilicyl  chloride  was  therefore  dissolved  in  dry 
ether,  and  a  solution  of  ^-toluidine  (2  mols.)  in  the  same  solvent 
gradually  added,  moisture  being  excluded  ;  an  immediate  separation  of 
/)-toluidine  hydrochloride  occurred,  and  as  soon  as  the  reaction  was 
completed,  the  solution  was  rapidly  filtered  and  the  residue  washed 
with  dry  ether.  The  filtrate,  on  evaporation,  gave  a  yellow  oil,  which 
was  mixed  with  dry  light  petroleum  ;  this  cavised  the  precipitation  of 
a  further  quantity  of  /;-toluidine  hydrochloride,  free  from  any  crystal- 
line silicon  compound. 

As  the  oil  which  remained  after  distilling  off  the  petroleum  did  not 
crystallise,  it  was  fractionated  under  a  pressure  of  about  70  mm.,  and 
the  main  product,  which  passed  over  at  about  260 — 270°,  collected 
separately  and  redistilled.  This  substance  was  a  yellow,  rather 
viscous  liquid  boiling  from  260 — 265°  (70  mm.) ;  it  contained  nitrogen, 
was  immediately  decomposed  by  concentrated  sulphuric  acid,  giving 
;j-toluidine  sulphate  and  an  oil,  and  on  exposure  to  the  air  it  slowly 
deposited  crystals  of  j9-toluidine  owing  to  its  decomposition  by  atmo- 
spheric moisture.  As  the  compound  was  found  to  be  unstable  towards 
water  it  was  not  further  examined. 

Interaction   of  Benzylethylpropylsilicyl  Chloride  and  Ethyl  Sodioaceto- 

acetate. 

Very  few  experiments  have  yet  been  made  with  the  object  of  pre- 
paring a  carboxylic  acid  derivative  of  silicon  which  might  be  used  for 
the   resolution    of    suitable    compounds ;     of  such,    one    only  will   be 
described  here,  namely,  an  attempt  to  realise  the  following  equation  : 
SiBzEtPrCl  -1-  CHg-CO-CHNa-COgEt  =  SiBzEtPr-CH  AcCO.Et  +  NaCl 

A  solution    of  benzylethylpiopylsilicyl   chloride   in    dry  ether  was 
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gradually  added  to  the  theoretical  quantity  of  ethyl  sodioacetoacetate 
(Kahlbaum),  and  as  no  appreciable  reaction  occurred,  the  ether  was 
Boon  distilled  off  and  the  residue  heated  on  the  water-bath  during  about 
two  hours,  moisture  being  excluded. 

At  the  end  of  this  time  (a  portion  of  the  product  having  been 
tested  and  found  to  be  free  from  benzylethylpropylsilicyl  chloride), 
first  water  and  then  dilute  sulphuric  acid  were  added,  and  the  oily  liquid 
was  then  extracted  with  ether  ;  the  solution  gave,  on  evaporation,  a 
yellow  oil,  which  was  fractionated  under  a  pressure  of  35  mm.,  and 
thus  found  to  be  far  from  homogeneous.  Commencing  to  boil  at  about 
100°,  about  50  percent,  passed  over  from  110°  to  170°;  the  ther- 
mometer then  rose  more  rapidly,  and  almost  continually  to  above  300°, 
at  which  temperature  there  still  remained  a  little  oil  in  the  distillation 
ilask.  The  different  fractions  collected  were  heated  during  several 
hours  with  alcoholic  sodium  hydroxide  and  then  examined,  but  they 
seemed  to  be  unchanged ;  at  any  rate,  they  did  not  afford  any  acid 
insoluble  or  sparingly  soluble  in  water. 

It  seems,  therefoi-e,  that  the  interaction  expressed  by  the  above 
equation  does  not  occur,  and  as  large  quantities  of  the  silicon  com- 
pound would  be  required  to  investigate  it  thoroughly,  its  further  study 
has  been  postponed. 

Benzylethylpropylsilicol,  SiBzEtPr-OH. 

The  decomposition  of  benzylethylpropylsilicyl  chloride  with  water 
is  attended  by  only  a  slight  development  of  heat;  the  product  does 
not  consist  of  the  pure  silicol,  SiBzEtPr*OH,  as  might  have  been 
expected,  but  of  a  mixture  of  the  latter  with  a  considerable  quantity  of 
a  substance  of  much  higher  boiling  point,  doubtless  the  ether  *  or 
oxide,  (SiBzEtPr)20. 

As  the  production  of  this  oxide  might  be  due  to  the  action  of  the 
hydrochloric  acid  formed  in  the  process,  in  some  experiments  the  silicon 
compound  was  poured  into  an  ice-cold  satui*ated  solution  of  sodium 
acetate  instead  of  into  water,  but  apparently  without  influencing  the 
course  of  the  reaction  to  an  appreciable  extent ;  it  was  also  decomposed 
with  sodium  carbonate  solution  in  various  ways,  but  the  relative  pro- 
portion of  oxide  did  not  seem  to  change. 

The  colourless  oil  resulting  from  the  interaction,  isolated  by  extract- 
ing with  ether  and  distilled  under  a  pressure  of  25  mm.,  begins  to  boil 
at  about  150°,  and  gives  a  large  fraction  between  150°  and  165°  ;  the 
thermometer  then  rises  rapidly  to  about  250°,  and  another  large  frac- 
tion passes  over  from  250°  to   260°,  but  even  above   this  temperature 

*  The  terra  "ether"  seems  so  inapplicable  in  the  case  of  these  silicon  compounds 
of  high  boiling  point  that  "oxide  "is  generally  employed  instead. 
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small  quantities  of  a  very  viscid  liquid  sometimes  distil  over  slowly,  the 
thermometer  indicating  more  than  300°. 

As  the  formation  of  water  is  not  observed  during  distillation,  it  may 
be  inferred  that  the  oxide  is  present  in  the  original  product ;  this  con- 
clusion is  borne  out  by  the  following  analysis  of  a  specimen  of  the 
undistilled  oil  which  had  been  kept  over  sulphuric  acid  during  some 
days  : 

0-5075  gave  0-1510  SiO.,.     Si=  14-0. 
SiBzEtPr-OH    requires    Si  =  13-6;    (SiBzEtPr)20  requires    Si  =14-2 

per  cent. 

The  fraction  collected  between  150°  and  165°  yields  on  redistillation 
a  liquid  boiling  at  about  155°  (25  mm.),  but  slight  changes  in  pressure 
and  vigorous  "  bumping  "  by  the  liquid  make  it  rather  difficult  to 
observe  the  boiling  point  very  accurately ;  that  this  product  consists 
of  the  silicol  is  shown  by  the  following  analysis  : 

0-2154  gave  0-5474  CO^  and  0-1858  H.p.     0  =  69-3;  H  =  96. 
SiBzEtPr-OH  requires  C  =  69-2  ;  H  =  9-6  per  cent. 

Benzylethylpropylsilicol  is  a  colourless,  fairly  mobile  liquid  specific- 
ally lighter  than  water  (both  at  about  16°),  in  which  it  is  practically 
insoluble ;  it  has  when  warm  a  rather  strong  and  pleasant  aromatic 
odour.  Hitherto  its  properties  have  been  only  superficially  examined 
except  as  regards  its  behaviour  towards  sulphuric  acid,  but  it  may  be 
stated  that  a  specimen  of  about  12  grams,  which  was  left  in  an  open 
test-tube,  became  cloudy,  and  in  the  course  of  some  days  deposited 
drops  of  water ;  on  redistilling,  only  about  5  grams  of  alcohol  were 
obtained,  the  rest  having  changed  into  the  oxide. 

The  fraction  of  the  crude  product  collected  from  250 — 260^  (see 
above),  which  doubtless  consists  of  the  oxide,  is  a  viscid,  colourless 
liquid  ;  one  specimen  was  analysed  with  the  following  result  : 

0-4254  gave  0-1350  SiOa-     Si  =  14-9  per  cent. 
But  this  product,  like  many  others,  awaits  further  investigation. 

The  small  quantity  of  very  viscous  liquid  passing  over  in  the 
neighbourhood  of  300°  (see  above)  is  possibly  benzylethylsilicone, 
BzEtSiO,  resulting  from  the  decomposition  of  a  little  benzylethyl- 
silicon  dichloride  which  may  have  been  present  in  some  of  the  samples 
of  propyl  derivative  used  for  the  preparation  of  the  silicol. 


Sulphonation  of  Benzylethylpi-opylsilicol  with  Sulphuric  Acid. 

It  has  already  been  stated  that  phenylbenzylethylpropylsilicane  is 
decomposed  by  warm  concenti'ated  sulphuric  acid,  giving  benzene  and 
benzylethylpropylsilicol ;  also  that  the  latter,  when  further  heated  with 
the  acid  in  presence  of  the  benzene,  gradually  undergoes  sulphonation, 
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yielding  a  mixture  of  acids  from  which  the  pure  sulphonic  derivative 
of  benzylethylpropylsilicyl  oxide  can  be  isolated,  but  only  with  very 
considerable  difficulty,  in  the  form  of  its  ammonium  salt  (this 
vol.,  p.  224). 

The  sulphonic  acid  just  mentioned  is  far  more  conveniently  prepared 
by  sulphonating  pure  benzylethylpropylsilicol.  For  this  purpose,  the 
silicol,  in  quantities  of  about  5  grams  at  a  time,  is  placed  in  a  small 
flask  with  1| — 2  volumes  of  ordinary  concentrated  sulphuric  acid,  and 
the  flask  is  then  rapidly  heated  in  a  bath  of  fusible  metal,  shaking 
vigorously  from  time  to  time  ;  the  external  heating,  and  the  heat 
developed  by  the  interaction,  jointly  bring  about  a  rapid  rise  of  tem- 
perature, and  a  thermometer  immersed  in  the  mixture  rises  very  quickly. 
As  soon  as  the  mixture  has  reached  100°  the  flask  is  removed  from  the 
bath  and  cooled  by  immersion  in  water  ;  the  whole  operation  is  at  an 
end  in  less  than  a  minute,  and  a  portion  of  the  product  should  then 
give  a  perfectly  clear  solution  if  poured  into  a  large  volume  of  water. 

Sulphonation  having  been  successfully  carried  out,  the  liquid,  which 
separates  into  two  layers  if  only  about  1^  volumes  of  acid  have  been 
vised,  is  poured  into  water  ;  here  again  a  separation  occurs,  unless  the 
volume  of  water  is  considerable  (which  is  unnecessary)  and  most  of  the 
sulphonic  acid  rises  to  the  surface  as  a  viscid,  pale  yellow  oil;  the 
addition  of  ammonia  in  slight  excess  gives,  however,  a  clear  homo- 
geneous solution. 

In  order  to  isolate  the  ammonium  salt,  the  solution  is  evaporated 
to  a  syrup,  the  ammonium  sulphate  precipitated  with  alcohol,  and 
removed  completely  by  again  treating  the  filtered  and  evaporated  solu- 
tion with  methyl  alcohol ;  the  viscous  syrup  ultimately  obtained  (com- 
pare this  vol.,  p.  225)  is  carefully  dried,  dissolved  in  a  very  little  hot 
methyl  alcohol  and  the  solution  treated  with  ethyl  acetate  ;  when  then 
allowed  to  cool  over  sulphuric  acid  it  gives  a  thick,  crystalline  deposit 
of  practically  pure  ammonium  salt,  and  further  quantities  of  the  same 
substance  are  obtained  from  the  filtrate.  The  yield  of  the  pure  salt 
of  the  sulphonic  derivative  is  about  equal  to  that  of  the  silicol 
employed  ;  the  final  mother  liquors  contain  a  pale  yellow  oil  which 
seems  to  be  the  ammonium  salt  of  a  silicon  sulphonic  derivative,  but 
which  is  readily  soluble  in  ethyl  acetate. 

The  ammonium  salt  thus  prepared  from  benzylethylpropylsilicol 
crystallises  far  more  readily  than  that  obtained  indirectly  from  phenyl- 
benzylethylpropylsilicane,  the  latter  being  mixed  with  impurities  which 
are  not  easily  removed  even  after  several  recrystallisations  ;  that  the 
compounds  from  the  two  sources,  however,  are  identical  was  proved  by 
directly  comparing  the  ^menthylamine  and  cZ-bornylamine  salts  pro- 
duced from  them  by  simple  precipitation ;  melting  point  observations 
were  also  made  with  the  salts  from  the  two  sources,  both  separately 
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and  with  mixtures  of  cori-esponding  compounds,  and  the  results  left  no 
doubt  as  to  their  identity. 

The  ^-menthylamine  salt,  obtained  from  the  crude  mixture  of 
ammonium  salts,  isolated  from  the  product  of  the  sulphonation  of 
phenylbenzylethylpropylsilicane,  is  so  impure  that  it  is  very  difficult, 
if  not  impossible,  to  remove  the  impurities  by  fractional  crystallisa- 
tion, and  the  ammonium  salt  must  first  be  crystallised  in  the  manner 
previously  described.  In  the  case  of  the  sulphonation  product  of 
benzylethylpropylsiliccl  this  is  not  so,  and  perhaps  the  quickest, 
although  not  the  best  way  of  isolating  the  sulphonic  acid  is  to  precipi- 
tate the  ^menthylamine  salt  directly  from  the  neutral  solution  of  the 
ammonium  salt  without  first  removing  the  accompanying  ammonium 
sulphate  and  the  other  ammonium  salt  contained  in  the  solution  ;  the 
precipitate  is  generally  oily  at  first,  but  soon  solidifies,  and  can  be 
purified  by  crystallising  two  or  three  times  from  aqueous  alcohol  and 
several  times  from  moist  ethyl  acetate.  About  7  grams  of  pure  hydrated 
Z-menthylamine  salt  were  thus  obtained  from  4 — 5  grams  of  benzyl- 
ethylpropylsilicol ;  the  re.-t  of  the  menthylamine  salt  was  more  soluble 
and  remained  as  a  buttery  mass  on  allowing  the  mother  liquors  to 
evaporate  spontaneously. 

Benzylmethylethylpropylsilicane,  SiBzMe  EtPr. 

Benzylethylpropylsilicyl  chloride  does  not  react  readily  with  an 
ethereal  solution  of  magnesium  methyl  iodide  ;  no  appreciable  rise  of 
temperature  occurs  on  mixing  tlie  two  liquids  rapidly,  and  there  is  no 
separation  of  magnesium  salt ;  even  when  the  ether  is  distilled  off  and 
the  mixture  left  for  some  hours  on  the  water-bath  only  a  vei*y  slight 
precipitate  is  formed,  but  on  heating  in  an  air-  or  metal-bath  at  about 
110 — 120°,  the  interaction  seems  to  be  complete  at  the  end  of  about 
two  hours. 

The  product,  which  consists  of  a  viscid  oil,  covering  a  pasty  mass  of 
the  magnesium  salts,  is  poured  into  water,  the  solution  extracted  with 
ether,  and  the  extract  washed  with  sodium  hydroxide  solution  (if 
necessary  to  remove  iodine)  and  then  with  ddute  sulphuric  acid.  The 
colourless  oil  obtained  from  the  dried  ethereal  solution  is  now  fraction- 
ated, either  from  an  ordinary  distilling  flask  under  atmospheric  pres- 
sure, or  better  from  a  long-necked  flask  fitted  with  a  rod  and  disc 
column  under  reduced  pressure  (100  mm.)  ;  in  the  latter  case,  the 
liquid  begins  to  boil  at  about  175°  and  most  passes  over  between  178° 
and  190°,  but  there  is  generally  left  a  moderate  quantity  of  a  viscid  oil 
which  continues  to  distil  up  to  and  above  300°. 

The  principal  fraction  is  now  treated  with  sodium,  with  which  it  is 
heated  from  time  to  time  until  all,  if  any,  action  ceases;  it  is  then 
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distilled  in  contact  with  the  metal  under  atmospheric  pressure  and  the 
portion  passing  over  from  248 — 254°  (755  mm.)  collected  separately. 

Even  when  benzylethylpropylsilicyl  chloride  which  is  tree  from 
impurity  (judging  from  chlorine  determinations)  is  employed  for  the 
preparation  of  this  silicohydrocarbon,  the  yield  of  the  fraction  248 — 254° 
is  unsatisfactory,  namely,  about  60  per  cent,  of  the  theoretical,  and  the 
product  does  not  boil  at  a  constant  temperature  even  after  several  dis- 
tillations ;  this  may  be  due,  possibly,  to  the  displacement,  to  a 
small  extent,  of  ethyl  or  propyl  by  methyl  groups ;  whether  this  bo 
so  or  not  is  merely  a  matter  of  conjecture,  but  there  is  little  doubt  that 
in  most  of  these  reactions  between  alkyl  silicon  chlorides  and  magnesium 
alkylhalogen  compounds,  changes  occur  other  than  the  mere  displace- 
ment of  halogen  by  a  hydrocarbon  radicle. 

Various  preparations  of  this  silicohydrocarbon  have  been  analysed 
and  the  results  agreed  well  with  those  required  by  theory  : 


I. 

0-1381  gave  0-3817  CO^  and  0-1401  H^O.    C-75-4; 

H=ll-3. 

11. 

0-2126     „     0-5862  CO2     „    0-2075  H'p.    C  =  75-2; 

H=10-8. 

III. 

0-2600     „     0-7305  CO2     „    0-2546  H2O.    C  =  75-5; 

H=10-7. 

)) 

0-3028     „     0-0748  SiOai  Si  =13-1  per  cent. 

SiBzMeEtPr  (CjaHgoSi)  requires  C  =  75-6  ;  H  =  10-7  ;  Si  =  13-8  per 
cent. 

Sample  I  boiled  at  173—174°  (100  mm.);  II  at  244—247°  (750  mm.) ; 
III  at  247—249°  (760  mm.). 

It  may  be  pointed  out,  however,  that  the  immediate  homologues  of 
this  compound  do  not  differ  from  it  very  much  in  percentage  composi- 
tion, benzyldimethylpropylsilicane,  for  example,  containing  C  =  74  0  and 
H=  10-1  per  cent.,  so  that  their  presence  in  small  quantities  would  not 
be  indicated  by  the  analytical  results  ;  more  satisfactory  evidence  that 
the  silicoliydrocarbon  really  has  the  formula  assigned  to  it  is  provided 
by  a  study  of  its  product  of  sulphonation  (p.   739). 

Benzylinethylethylpropylsilicaneisa.  coloui-less,  mobile,  highly  refractive 
liquid  having  a  rather  pleasant  aromatic  odour  ;  so  far  as  has  been 
ascertained  its  boiling  point  seems  to  be  250°  (760  mm.)  and  about 
177°  under  a  pressure  of  100  mm.  The  former  compares  satisfactorily 
with  that  of  phenylmethylethylpropylsilicane  (this  vol.,  p.  221),  which 
was  found  to  be  228 — 230°  (760  mm.).  The  silicohydrocarbon  is 
specifically  lighter  than  water,  in  which,  of  course,  it  is  practically 
insoluble  ;  it  is  miscible  with  all  the  ordinary  organic  solvents.  Several 
attempts  have  been  made,  on  a  small  scale,  to  obtain  a  nitro-derivative 
of  this  compound  by  the  usual  methods,  but  hitherto  they  have  been 
unsuccessful ;  in  other  directions  not  even  preliminary  experiments 
have  yet  been  made,  and  the  whole  behaviour  of  the  compound,  except 
towards  sulphonating  reagents,  awaits  further  investigation. 
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Sulphonation  of  Benzylmethylethylpropylsilicane. 

When  benzylmethylethylpropylsilicane  is  shaken  with  Ordinary 
concentrated  sulphuric  acid  (about  2  vols.),  the  latter  generally  turns 
yellow,  but  the  silicohydrocarbon  does  not  dissolve  to  an  appreciable 
extent,  and  remains  practically  unchanged  even  after  the  lapse  of 
twenty-four  hours ;  on  warming  at  60 — 70°,  shaking  from  time  to 
time,  there  is  also  very  little  action,  but  at  80 — 85°  a  slight  evolution  of 
sulphur  dioxide  sets  in  and  in  the  course  of  about  an  hour  sulphona- 
tion is  complete,  the  product  being  completely  soluble  in  watei\ 

Contrary  to  what  might  have  been  expected,  the  reaction  which 
occurs  uuder  the  conditions  just  stated  seems  to  be  a  highly  complex 
one,  nd  experiments  carried  out,  it  is  true  only  on  a  small  scale, 
indicate  the  formation  of  a  mixture  of  sulphonic  acids  from  Avhich  it 
is  difficult  to  isolate  a  silicon  derivative.. 

The  results  are  also  highly  unsatisfactory  when  sulphonation  is 
carried  out  as  rapidly  as  possible,  as  described  below  (a  method  which 
was  found  to  work  well  in  sulphonating  benzylethylpropylsilicol,  p.  728), 
the  product  being  a  mixture  which  yields  pure  crystalline  compounds 
only  after  an  exceedingly  troublesome  and  prolonged  course  of  fractional 
crystallisation  applied  to  its  menthylamine  salts.  For  this  reason,  the 
experiments  are  described  as  briefly  as  possible  ;  some  account  of  them, 
however,  is  desirable,  as  they  led  to  the  preparation  of  a  sulphonic  acid 
which  has  not  yet  been  obtained  in  other  ways. 

Benzylmethylpropylsilicane,  in  quantities  of  about  4  grams  at  a  time, 
is  treated  with  ordinary  concentrated  sulphuric  acid  (6 — 7  grams)  in  a 
small  flask,  which  is  then  rapidly  heated  in  a  metal-bath;  very  little 
change  occurs  until  a  thermometer,  placed  in  the  flask,  indicates  about 
130°,  when  a  slight  effei'vescence  sets  in  owing  to  the  escape  of  sulphur 
dioxide  ;  if  now,  the  contents  of  the  flask  are  vigorously  shaken,  the 
mobile  silicohydrocarbon  suddenly  becomes  converted  into  a  very  viscid 
liquid,  which,  although  it  does  not  dissolve  in  the  acid,  is  readily  and 
completely  soluble  in  water.  The  whole  operation  is  finished  in  less 
than  four  minutes,  and  should  the  evolution  of  sulphur  dioxide  become 
more  rapid  when  the  flask  is  first  shaken  (at  130°)  the  temperature  is 
immediately  lowered  by  cooling  in  water. 

The  clear,  yellow,  aqueous  solution  of  the  product,  which  often 
shows  an  intense  green  fluorescence,  is  neutralised  with  ammonia,  and 
the  ammonium  sulphate  separated  with  the  aid  of  methyl  alcohol  ;  the 
alcoholic  solution  is  then  evaporated,  the  yellow,  buttery  residue  dried 
at  100°,  and  again  dissolved  in  anhydrous  methyl  alcohol.  From  the 
concentrated  solution  ethyl  acetate  precipitates  a  small  quantity  of  a 
crystalline    powder,   which  appears  to  be  a  mixture   of  at  least  two 
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ammonium  salts  and  which  seems  to  be  produced  in  larger  quantities 
the  longer  the  period  of  sulphonation  is  extended  ;  as  this  precipitate 
gave  only  traces  of  silica  on  ignition  with  sulphuric  acid,  it  was  not 
examined  further. 

The  main  products,  which  remain  in  the  alcoholic  ethyl  acetate 
solution,  are  readily  soluble  even  in  ethyl  acetate  alone,  and  cannot  be 
obtained  in  crystals  from  this  solvent;  on  evaporating  there  results  a 
very  viscid,  yellow,  oily,  ammonium  salt,  which  gives  oily  precipitates, 
insoluble  or  sparingly  soluble  in  water,  with  barium  chloride  and  with 
the  hydrochlorides  of  many  organic  bases.  The  ^-menthylamine  salt, . 
prepared  from  it  by  precipitation,  becomes  pasty  when  cooled  in  a 
fx'eezing  mixture,  but  melts  again  at  the  ordinary  temperature ;  after 
repeated  fractional  precipitation  by  water  from  its  solution  in  well- 
cooled  aqueous  methyl  alcohol  or  acetone,  it  is  obtained  as  a  flocculent 
mass  which,  when  dried  at  100°,  melts  indefinitely  from  100 — 120°  and 
appears  to  consist  entirely,  or  for  the  most  part,  of  the  menthylamine 
salt  of  a  benzylmethylethylpropylsilicanesulphonic  acid,  as  shown  by 
the  following  silicon  determinations  : 

0-3918  gave  0-0530  SiO^.    Si  =  6'4. 
0-3341     „     0-0456  SiO.^.    Si  =  6-4. 
SiMeEtPr-CH^-CgH^-SOgHjCioHgiN  requires  Si  =  6-4  per  cent. 

At  first  it  seemed  possible  that  the  indefinite  melting  point  and  the 
badly  defined  chai-acter  of  this  product  was  due  to  the  partial  resolu- 
tion of  the  externally  compensated  sulphonic  acid,  but  as  the  solution 
of  the  sodium  salt  obtained  from  it  was  found  to  show  no  optical 
activity,  this  view  had  to  be  reluctantly  abandoned.  Further  attempts 
were  then  made  to  obtain  some  pure  menthylamine  salts  from  the 
mixture,  and  after  a  great  deal  of  trouble  this  was  finally  accomplished 
in  the  following  manner. 

The  various  fractions  of  the  menthylamine  salt  obtained  from  aqueous 
methyl  alcohol  are  soluble  in  hot  light  petroleum  (b.  p.  50 — 60°), 
entirely,  or  to  a  very  great  extent ;  on  adding  a  little  water,  stirring 
well,  and  then  leaving  in  an  ice-chest,  some  of  the  solutions  deposit  an 
oil,  others  a  colourless,  flocculent  mass,  or  a  nodular,  indefinitely 
crystalline  precipitate.  After  many  extractions  with  wet  light 
petroleum  the  oily  deposit  becomes  very  sparingly  soluble  and  begins  to 
crystallise ;  it  is  then  carefully  dried,  dissolved  in  hot  anhydrous 
acetone  with  the  aid  of  a  few  drops  of  methyl  alcohol,  and  the 
solution  left  over  sulphuric  acid ;  the  salt,  which  then  separates  in 
gelatinous  nodules,  is  finally  obtained  as  a  crystalline  powder  by 
deposition  from  boiling  anhydrous  acetone,  and  is  described  below 
(p.  733). 

The  flocculent,  or  nodular,  deposits  contain  further  quantities  of  the 


KIPPING  :   ORGANIC    DERIVATIVES    OF    SILICON.       PART   III.      733 

salt  just  referred  to,  and  this  is  separated  by  systematic  fractional 
crystallisation  from  wet  light  petroleum  ;  the  clear  petroleum  solutions 
then  contain  the  greater  part  of  the  original  sulphonation  product  in 
the  form  of  menthylamine  salts,  one  of  which  is  a  beautifully 
crystallised  substance  when  pure,  and  almost  insoluble  in  cold,  wet 
petroleum,  but  which  is  only  isolated  with  the  greatest  diflSculty 
owing  to  the  presence  of  some  other  substance,  possibly  an  isomeride. 

Details  of  this  work  are  omitted  because  this  crystalline  substance, 
which  is  the  ^-menthylamine  salt  of  benzylmethylethylpropylsilicane- 
sulphonic  acid,  can  be  obtained  in  an  in6nitely  simpler  manner  by 
another  method  (p.  739)  ;  it  may  be  stated,  however,  that  systematic 
fractional  crystallis^ation  from  wet  ice-cold  light  petrpleum,  combined 
with  fractional  crystallisation  from  ice-cold  aqueous  acetone,  ultimately 
furnishes  a  small  quantity  of  a  pure  substance  melting  at  122 — 123°, 
and  there  remain  considerable  quantities  of  fractions  which  are 
obviously  mixtures,  but  which  are  so  soluble  in  all  ordinary  solvents, 
except  water,  that  they  cannot  be  separated  into  their  components. 

It  will,  perhaps,  be  evident  from  the  statements  made  that  the 
sulphonation  of  benzylmethylethylpropylsilicane  with  sulphuric 
acid  leads  to  the  formation  of  a  number  of  compounds  in  addition  to 
the  acids  corresponding  with  the  two  salts  which  can  be  isolated  ;  the 
nature  of  these  by-products  has  not  yet  been  investigated,  but  it  seems 
probable  that  some  of  them  are  isomerides  of  the  compounds  described 
below,  isomerism  being  due  to  the  sulphonic  group  occupying  a 
different  position  in  the  aromatic  nucleus  :  this  conclusion  seems  to 
be  justified  by  the  analytical  results  already  given,  which  were  obtained 
with  specimens  of  salt  which  were  certainly  mixtures. 

\-Menthylamine  BenzylethyliJropylsilicolsulphonate, 
EtPrSi(OH)-CH^-CeH4-S03H,CioH2iN. 

The  compound  which  is  so  very  sparingly  soluble  in  light  petroleum, 
and  which  is  isolated  from  the  sulphonation  product  of  benzylmethyl- 
ethylpropylsilicane  in  the  manner  already  described  (p.  732),  is 
deposited  from  hot  anhydrous  acetone  as  a  fine,  ciystalline  powder ; 
when  exposed  to  moist  air,  while  still  containing  acetone,  it  first 
becomes  pasty,  owing  to  absorption  of  water  and  then  hard  and 
crystalline  again.  It  is  almost  insoluble  in  anhydrous  ethyl  acetate, 
but  dissolves  readily  on  adding  a  trace  of  water  and  warming ;  from 
this  solution  it  is  deposited  in  hydrated  crystals  which  melt  below 
100°  when  rapidly  heated.  It  is  only  very  sparingly  soluble  in  ether 
and  in  boiling  water ;  hot  aqueous  solutions  give,  on  cooling,  glisten- 
ing, mici'oscopic  plates.  It  dissolves  freely  in  the  common  alcohols, 
and  separates  in  rosettes  of  lustrous,  poorly-defined  prisms  when  the 
VOL.   XCI.  3  G 
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solutions  are  largely  dilute!  with  water.     When  dehydrated  the  salt 
melts  at  about  211—212'. 

A  sample  crystallised  from  moist  ethyl  acetate  was  dried  in 
the  air  : 

0-4066  lost  0-0318  H.^  at  100°.    H,,0  =  7-8. 

^22^^4iC>4NySi  +  2H20  requires  H20  =  7-5  per  cent. 

Analyses  of  the  anhydrous  salt  gave  the  following  results  : 

0-5391  gave  0-0734  SiOg.    Si  =  6-4. 

0-1667     „     0-3647  CO2  and  0-1386  Hp.  C  =  59-7  ;  H  =  9-2. 

0-1550     „     0-3358    „      „     0-1330     ,",  C  =  59-7;  H  =  9-3. 

0-1588     „     0-3460    „      „     0-1316     „  C  =  59-5;  H  =  9-2. 

The  molecular  weight  of  the  salt  was  determined  by  the  Lands- 
berger  modification  of  the  ebullioscopic  method  in  methyl-alcoholic 
solution  ;  owing  to  the  very  small  constant  for  this  solvent  the  experi- 
mental error  is  abnormally  high  and  the  results  are  of  little  value  ;  in 
fact  with  compounds  of  high  molecular  weight  valuer  differing  by 
about  50  per  cent,  may  be  easily  obtained  : 

Substance.  Solvent.  E.  M.W. 

0-52  8-0  CO.  0-16  437 

1-03  11-5    „  0-25  385 

The  specific  rotation  was  determined  in  99-6  per  cent,  methyl- 
alcoholic  solution;  0-443  substance;  volume  of  solution  25  c.c. ; 
200  mm.  tube;  a  -0-53°;  [ajo  -15°- 

The  analytical  results  already  given  show  that  this  salt  is  not  what 
it  was  first  thought  to  be,  namely,  a  derivative  of  benzylmethylethyl- 
propylsilicanesulj)honic  acid,  for  this  compound  would  require  C  =  62-5, 
H  =  9-7,  and  Si  =  6-4  per  cent. ;  they  also  exclude  what  otherwise  might 
perhaps  have  been  considered  a  possible  view,  namely,  that  the  parent 
acid  was  derived  from  some  homologiie  of  benzylmethylethylpropyl- 
silicane  contained  in  the  material  sulphonated ;  such  an  impurity 
might  conceivably  have  been  present  in  small  proportions  and  yet  liave 
escaped  detection  by  analysis  (compare  p.  739). 

'J'he  properties  of  this  salt  are  also  very  different  from  those 
of  ^menthylamine,  benzylmethylethylpropylt-ilicanesulphonate  (p.  735), 
so  that  the  two  compounds  can  hardly  be  homologous. 

For  these  reasons  the  formula  assigned  to  the  salt  above,  which 
corresponds  well  with  the  analytical  results,  repi-esents  it  as  a 
derivative  of  benzylethylpropylsilicolsulphonic  acid. 

As  the  formation  of  such  an  acid  cannot  be  attributed  to  the 
presence  of  benzylethylpi-opylsilicol  in  the  original  silicohydrocarbon 
(which  had  been  repeatedly  distilled  with  sodium)  it  may  be  assumed 
that  hydrolysis  occurs,  as  in  the  sulphonation  of  phenylbeuzylethyl- 
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propylsilicane,  possibly  preceded  by  oxidation ;  the  latter  view  would 
account  for  the  evolution  of  sulphur  dioxide  which  is  invariably 
observed  during  the  sulphonatiou  of  the  silicohydrocarbon  with  sul- 
phuric acid. 

This  interaction,  as  already  stated,  leads  to  the  formation  of  several 
compounds,  and  the  ^menthylamine  salt  in  question  is  not  only  isolated 
with  difficulty  but  is  also  produced  in  relatively  very  small  quantities. 
In  these  cii'cumstances,  it  did  not  seem  worth  while  to  examine  the 
salt  more  fully  in  order  to  place  its  constitutional  formula  on  a  firmer 
basis. 

When  this  sulphonatiou  product  was  first  obtained  it  was  fraction- 
ally crystallised  from  various  solvents  in  the  hope  of  accomplishing  its 
resolution;  as  these  experiments  were  made  with  small  quantities  of 
material  only  and  may  not  be  very  conclusive,  they  need  not  be 
described,  and  it  will  suffice  to  state  that  the  melting  point  of  the  salt 
did  not  change  appreciably  ;  a  solution  of  the  sodium  salt,  prepared  by 
expelling  the  ^-menthylamine  with  sodium  hydroxide,  showed  no 
appreciable  rotation  when  examined  in  the  polarimeter.  Although 
fractional  crystallisation  failed  to  separate  this  salt  into  products 
differing  in  melting  point,  the  author  is  not  quite  convinced  of  the 
homogeneity  of  the  substance  ;  it  has  in  some  respects  the  appearance 
of  a  mixture  and  may  possibly  contain  some  isomeride.  The  three 
combustions  recorded  above  were  made  with  three  successive  fractions 
obtained  by  crystallising  from  acetone,  and  as  the  menthylamine  salt 
of  benzylmethylethylpropylsilicanesulphonic  acid  is  extremely  soluble 
in  this  liquid,  it  is  impossible  that  even  traces  of  this  talt  could  have 
been  present. 

I- Menthylamine  dX-Benzylmethylethylp'opylsdiGanesulijhonate, 
MeEtPrSi-CH.-CgH^-SOgH.CioHoiN. 

The  second  pure  compound  ultimately  isolated  from  the  complex 
mixture  of  menthylamine  salts  obtained  from  the  product  of  the 
sulphonation  of  benzylmethyletliylpropylsilicane  with  sulphuric  acid 
(p.  733)  is  very  readily  soluble  in  dry  light  petroleum  (b.  p.  55 — 65°) 
at  tlie  ordinary  temperature,  and  does  nob  separate  even  from  highly 
concentrated  solutions  if  moisture  is  excluded  ;  when,  however,  a  few 
drops  of  water  are  added,  crystals  soon  form  on  the  water  globules, 
and  if  the  petroleum  is  thoroughly  wetted,  the  salt  is  deposited  almost 
completely  in  highly  lustrous,  nacreous  plates  or  in  poorly-defined 
prisms.  This  behaviour  is  due  to  the  combination  of  the  readily 
soluble  anhydrous  salt  with  2  molecules  of  water  of  crystallisation,  as 
shown  by  the  analyses  of  samples  obtained  in  this  way  from  wet 
petroleum  and  then  dried  in  the  air : 

;j  C  2 
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0-5835  lost  0-0430  HgO  at  100°;  H20  =  7-37. 
1-3458    „    0-1008  HoO  „  100°;  H20  =  7-49. 

C23H4303NSSi  + 211,0  requires  H20  =  7-54  per  cent. 

Analyses  of  the  salt  dried  at  100°  until  constant  gave  the  following 
results : 

0-1910  gave  0-4277  COo  and  0-1649  HgO;  C  =  61-l.     H  =  9-6. 
0-1933     „     0-4416  CO.3    „    0-1616  H,0 ;  0  =  62-3.     H  =  9-3. 
01850     „     0-4233  00.^    „    0-1641  HoO ;  0  =  62-4.     H  =  9-9. 
C23H^303NSSi  requires  0  =  625,  H  =  9-7  per  cent. 

As  the  substance  contained  both  niti'ogen  and  sulphur,  the  presence 
of  which  sometimes  causes  uncertainty  in  the  results  of  elementary 
analysis,  the  composition  of  this  salt  was  further  establi.shed  by  boiling 
weighed  quantities  with  excess  of  xV/SO  sodium  carbonate  solution  and 
methyl  alcohol  until  all  menthylamine  was  expelled,  and  then  titrating 
with  iV/50  sulphuric  acid,  using  litmus  as  indicator ;  two  experiments 
of  this  kind  gave  441  and  440  as  the  equivalent  of  the  salt,  the  calcu- 
lated value  being  441-4.  Check  determinations  of  the  equivalent  of 
menthylamine  hydrochloride,  which  were  made  under  exactly  similar 
conditions,  having  given  almost  theoretical  results,  these  determinations 
seemed  to  show,  even  more  conclusively  than  the  elementary  analyses, 
that  the  salt  had  the  composition  assigned  to  it.  Bearing  in  mind, 
however,  the  complexity  of  the  01-iginal  product  of  sulphonation,  which 
indicated  the  occurrence  of  reactions  other  than  mere  substitution,  it 
seemed  desirable,  later  on,  to  determine  the  percentage  of  silicon  in 
the  salt  in  the  usual  way,  namely,  by  heating  with  distilled  sulphuric 
acid ;  the  following  results  were  thus  obtained,  the  calculated  j^er- 
centage  of  silica  being  13-7  : 

0-4636  gave  0-0545  Si02=  11-75.    0-3495  gave  0-0413  Si02  =  ll-82. 
0-3738     „     0-0423  Si02=  11-32.    0-6981     „     00827  810.  =  11-85. 

In  these  experiments  a  large  quantity  of  sulphuric  acid  was  used  and 
a  very  deep  platinum  crucible,  which  was  heated  very  cautiously, 
commencing  at  the  top,  but  in  spite  of  all  precautions  the  results  were 
far  too  low  ;  whether  this  is  due  to  particles  of  silica  escaping  with  the 
other  products  of  oxidation  or  to  the  formation  of  some  volatile 
silicon  compound  it  is  difficult  to  say,  but"  the  latter  conclusion  seems 
the  more  probable ;  when  the  salt  is  carefully  heated  alone  in  a  deep 
platinum  crucible  almost  all  the  silica  escapes,  the  residue  being  only 
about  2-5  per  cent,  of  the  weight  taken  ;  a  similar  behaviour  was 
noticed  in  making  the  combustions  of  menthylamine  benzylethylpropyl- 
silicolsulphonate.  Satisfactory  silicon  determinations  cannot  be  made 
by  the  Carius  method  (the  results  are  too  high),  but  by  carefully  treat- 
ing the  salt  with  a  large  excess-  of  fuming  nitric  acid  and  then  heating, 
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at  first  very  cautiously,  the  following  fairly  good  results  were 
obtained  : 

0-2783  gave  0-0368  SiOo  =  13-2. 

0-3304     „     0-0442  Si02  =  13-4. 

\-Menthylamine  henzylmethylethylprojyylsilicanesuljihonate  is  practi- 
cally insoluble  in  water,  but  very  readily  soluble  in  ethyl  acetate, 
carbon  disulphide,  and  all  ordinary  organic  solvents  with  the  excep- 
tion of  wet  light  petroleum ;  it  crystallises  from  aqueous  acetone  and 
aqueous  methyl  alcohol  in  flat  plates,  similar  to  those  obtained  from 
wet  petroleum,  and  it  does  not  seem  to  give  massive,  well-defined 
crystals  very  readily.  When  heated  quickly,  the  hydrated  salt  melts 
rather  irregularly  at  temperatures  far  below  100°  (one  of  the  facts 
which  added  to  the  difiiculty  of  isolating  it),  but  when  very  slowly 
heated  it  may  be  dehydrated  without  liquefying  it,  and  the  crystals 
then  melb  sharply  at  122 — 123°.  It  is  hydrolysed  to  a  slight  extent 
by  boiling  water,  menthylamine  being  evolved,  but  it  may  be  heated 
alone  at  a  very  high  temperature  without  decomposing  it  to  any  great 
extent ;  it  dissolves  in  fuming  nitric  acid  with  development  of  heat. 

The  physical  properties  of  this  and  of  other  salts  indicate 
that  the  parent  acid  is  a  simple  substitution  product  of  the  silico- 
hydrocarbon ;  a  few  molecular  weight  determinations  which  were 
made  with  the  anhydrous  menthylamine  salt,  in  methyl-alcoholic 
solution  by  the  ebullioscopic  method,  confirm  this  conclusion,  but  the 
results  of  experiments  with  acetooe  and  with  benzene  show  that  in 
these  solvents  the  molecules  of  the  salt  are  highly  associated. 


Methyl  Alcohol  [ehdlioscojnc  method). 

Substance.       Vohune  of  sohitioii.               E. 

M.  \V. 

0-418                 7-5  c.c.                 0-200 

299 

1-146                11-5    „                    0-425 

265 

Acetone  {ebullioscopic  method). 

0-703  11  c.c.  0-135  1052 

0-703  19    „  0-114  721 

Benzene  (cryoscopic  method). 

0-389  15  g.  0-055*  2316 

*  Depression  of  freezing  point. 

As  already  stated,  the  isolation  of  this  ^menthylamine  salt  (m,  p. 
122—123°)  is  only  successfully  accomplished  after  a  protracted  course 
of  fractional  crystallisation ;  therefore,  assuming  that  the  parent  acid 
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is  externally  compensaterl,  the  salt  ultimately   obtained  might  be  a 
derivative  of  one  of  the  active  components. 

The  polarimetric  examination  of  anhydrous  samples  of  the  salt  left 
this  question  undecided,  as  they  could  not  be  carried  out  in  aqueous 
solution  : 

0-488  gram.     Volume  of  solution,  25  c.c.     200  mm.  tube  ;  a  -  0-50"  ; 
[a]n    -15°; 

0  685  gram.     Volume  of  solution,  25  c.c.     200  mm.  tube  ;  a  -  0-83"  ; 
[a]o   -15-1°; 
the  solvent  was  99-6  per  cent,  methyl  alcohol. 

The  samples  used  in  these  determinations  were  decomposed  with 
excess  of  potash,  the  menthylamine  distilled  in  steam,  and  the  solution 
of  the  potassium  salt  examined  polarimetrically,  but  it  showed  no 
optical  activity. 

This  result  and  facts  given  later  show  that  the  menthylamine  salt 
is  not  derived  from  one  optically  active  acid,  and  must  therefore  be 
regarded  as  a  partially  racemic  substance;  although,  considering  the 
numerous  crystallisations  it  had  already  undergone,  there  seemed  little 
prospect  of  being  able  to  "resolve"  it,  a  considerable  quantity  of  the 
salt  was  repeatedly  crystallised  from  aqueous  methyl  alcohol,  the 
mother  liquors  from  each  operation  being  rejected ;  the  specimen 
ultimately  obtained  when  previously  dehydrated  melted  at  122  — 123°, 
and  gave  the  following  result  on  polarimetric  examination  in  99 '6  per 
cent,  methyl-alcoholic  solution  : 

0-6872  gram.    Volume  of  solution,  25  c.c.     200  mm.  tube  ;  a  -  0-86° ; 
[ajo  -15-6°. 

Metallic  Salts  of  AX-Benzylmethylethyljyi'opylsilicanesuljyhonic  Acid. 

The  examination  of  the  metallic  salts  of  benzylmethylethylpropyi- 
silicanesulphouic  acid  has  only  been  made  very  superficially,  and  chiefly 
with  the  object  of  obtaining  one  which  could  be  easily  purified,  and 
which  could  then  be  used  for  silica  determinations  ;  this  object,  how- 
ever, has  not  been  attained.  The  ammonium  salt  remains  as  a  buttery 
mass  when  its  aqueous  solution  is  evaporated,  and  is  readily  soluble  in 
methyl  alcohol  and  in  cold  ethyl  acetate.  The  sodium  salt  is  also  very 
readily  soluble  in  cold  water,  but  on  the  addition  of  sodium  carbonate 
and  other  salts  it  separates  as  a  soapy  mass,  which  on  warming  melts 
to  an  oil  and  then  di-solves ;  when  its  solution  evaporates  spon- 
taneously, it  is  deposited  in  crystalline  leaflets.  The  barium  .salt  is  a 
buttery  substance,  practically  insoluble  in  water,  but  like  the  barium 
salt  of  sulphobenzylethylpropylsilicol  oxide  is  readily  soluble  in  aqueous 
alcohol  ;  the  solution   deposits  an  oil  when  it  is  allowed  to  evaporate. 


KIPPING  :    ORGANIC   DERIVATIVES    OF   SILICON.      PART    III.      739 

The  calcium  salt  is  also  oily,  but  soluble  in  water.     The  lead  salt  is 
sparingly  soluble,  but  seems  not  to  crystallise. 

The  acid  itself  and  its  simpler  derivatives  will  form  the  subject  of 
further  investigation. 

Sulphonation  of  BenzylTnethylethylpropylsilicane  vnth  Chlorosul phonic 

Acid. 

The  extreme  difficulty  of  isolating  a  pure  substance  from  the  product 
of  the  sulphonation  of  benzylmethylethylpropylsilicane,  at  any  rate 
by  the  method  described  above  (p.  732),  rcnder(d  it  necessary  to 
discover  some  other  method  of  preparation  before  the  derivatives  of 
the  svdphonic  acid  could  be  examined  in  quantities  suitable  to  the  end 
in  view  ;  fortunately  such  a  process  was  easily  found,  the  sidphonation 
of  the  silicohydrocarbon  with  chlorosul  phonic  acid  leading  to  excellent 
results. 

Benzylmethylethylpropylsilicane  (fraction  b.  p.  248 — 252°)  is  mixed 
with  3 — 4  volumes  of  dry  chloroform,  the  solution  cooled  in  ice,  and 
a  solution  of  chlorosulphonic  acid  in  about  5  volimies  of  chloroform 
slowly  added  from  a  dropping  funnel,  shaking  from  time  to  time  ;  the 
quantities  are  taken  in  accoi  dance  with  the  following  equation  as 
nearly  as  possible,  a  very  slight  excess  of  the  acid  rather  than  of  the 
silicon  compound  being  used  : 

SiBzMeEtPr  +  SOg.HCl  =  SiMeEtPr-CHa'CgH^-SOaH  +  HCl. 

At  first  a  slight  reddish-brown  coloration  is  pi-oduced,  and  towards 
the  end  of  the  operation  a  fairly  vigorous  evolation  of  hydrogen 
chloride  sets  in  ;  the  interaction  seems  to  take  place  very  rapidly, 
with  formation  of  the  sulphonic  acid  (and  not  the  sulphochloride)  and 
is  at  an  end  as  soon  as  the  whole  of  the  chlorosulphonic  acid  has  been 
added 

The  solution  is  then  poured  on  to  ice,  or  into  water,  the  chloroform 
separated  by  distilling  in  steam  (the  solution  gives  an  emulsion  with 
water)  and  the  residual  aqueous  solution,  which  sometimes  shows  a 
violet  fluorescence,  treated  with  a  faint  excess  of  ammonia.  After 
concentrating  oft  the  water-bath,  the  neutral  solution  of  the  ammonium 
salts  is  treated  directly  with  /-menthylamine  hydrochloride ;  at  first 
there  results,  as  is  usual  with  these  salts,  a  streaky,  opalescent  fluid 
resembling  raw  white  of  egg,  but  on  adding  a  slight  excess  of  the 
hydrochloride  the  menthylamine  salt  is  precipitated  in  colourless 
crystals  and  can  be  separated  by  filtration. 

It  is  thus  possible  to  prepare  this  crude  (but  easily  purified)  salt  in 
about  as  many  minutes  as  it  requires  in  hours,  when  the  sulphonating 
agent  is  sulphuric  acid. 

The  crude   product   is   purified  by  recrystalli.=ation    from    hot    wet 
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light  petroleum  (b.  p.  55 — 65°)  in  which  it  is  completely  and  readily 
soluble,  and  from  wliich  it  separates  on  cooling  in  lustrous  plates  ;  the 
first  deposits,  when  previously  dried  at  100°,  melt  from  about 
108 — 116°,  but  after  three  or  four  crystallisations,  without  much  loss 
in  weight,  the  melting  point  rises  to  and  becomes  constant  at 
122—123°.  The  petroleum  mother  liquors,  worked  up  systematically, 
yield  further  quantities  of  the  pure  salt,  then  small  crystalline  fractions 
melting  indefinitely  from  100 — 120°,  and  finally  a  small  quantity  of  a 
menthylamine  salt  which  is  very  readily  soluble  in  ice-cold  wet  petroleum 
and  which  solidifies  to  a  waxy  mass  when  free  from  solvent.  The 
nature  of  the  by-product  contained  in  these  more  soluble  fractions 
has  not  been  investigated,  but  judging  by  its  properties  it  is  very 
closely  related  to  the  main  product ;  possibly  it  is  an  isomeride, 
possibly  a  homologue  derived  from  some  small  quantity  of  impurity  in 
the  silicohydrocarbon.  The  yield  of  pure  hydrated  salt  is  about  70  per 
cent,  of  the  theoretical. 

The  Z-menthylamine  salt  thus  prepared  is  indistinguishable  from  the 
compound  already  described  as  ^menthylamine  benzylmethylpropyl- 
silicanesulphonate,  obtained  from  the  silicohydrocarbon  by  sulphonating 
with  sulphuric  acid  ;  their  identity  was  proved  by  melting  point 
determinations  made  with  the  salts  both  separately  and  mixed  together, 
and  also  by  polarimetric  ob-ervations. 

The  fact  that  the  yield  of  pure  salt  is  more  than  50  per  cent,  of  the 
theoretical  excludes,  of  course,  the  possibility  of  it  being  derived  from 
one  of  the  active  acids  and  it  may  be  regarded  therefore  as 
partially  racemic ;  the  readiness  with  which  the  acid  is  formed  from 
the  silicohydrocarbon,  the  low  temperature  at  which  the  reaction  is 
carried  out,  and  the  comparative  freedom  from  by-products,  afford 
important  and  additional  evidence  that  the  acid  is  a  simple  substitu- 
tion product  of  the  parent  compound. 

In  view  of  the  difficulty  of  obtaining  accurate  determinations  of  the 
silicon  in  the  salt  (p.  736),  the  results  by  the  usual  method  having 
indicated  a  molecular  weight  for  the  salt  of  about  500,  its  equivalent 
was  again  determined  by  the  volumetric  process  previously  employed 
(p.  736),  freshly  standardised  solutions  having  beetf  prepared  ;  the 
result  given  was  443,  the  theoretical  value  being  441. 

The  Z-menthylamine  salt  has  been  most  useful  during  the  whole 
investigation  of  this  acid,  just  as  was  the  corresponding  salt  of 
sulphobenzylethylpropylsilicyl  oxide.  It  has  served  not  only  for 
the  isolation  and  identification  of  the  acid,  owing  to  the  readiness  with 
which  it  crystallises  and  its  well-defined  character,  but  also  as  the 
starting  point  for  the  preparation  of  all  the  compounds  described 
later;  for  the  last  purpose  the  pure  compound  is  treated  with  a  very 
slight  excess  of  pure  sodium  carbonate  and  the  liberated  base  distilled 
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off  in  steam  ;  during  this  process,  as  part  of  the  menthylamine  is  dis- 
placed, the  solution  acquires  the  appearance  and  consistency  of  raw  egg- 
albumen,  becoming  clear  and  mobile  at  the  end  of  the  operation  ;  the 
solution  of  the  sodium  salt  is  then  rendei'ed  faintly  acid  with  acetic 
acid  and  evaporated  on  the  water-bath. 


Salts  of  Benzylmethylethylpropylsilicanesulphonic  Acid. 

Having  obtained,  by  the  methods  described,  a  silicon  derivative 
which  was  an  externally  compensated  compound  and  at  the  same  time 
a  strong  acid,  the  principal  object  for  which  it  had  been  prepai'ed 
seemed  to  be  almost  accomplished ;  to  find  some  suitable  salt  which 
could  be  resolved  by  fractional  crystallisation  did  not,  in  fact,  appear 
to  be  a  formidable  task  ;  the  result  of  some  months'  work  proved 
that  the  difficulty  of  this  task  had  been  underrated. 

The  d-hydrindamine  salt  is  obtained  as  an  oil  on  adding  a  solution 
of  cZ-hydrindamine  hydrochloride  to  a  solution  of  the  sodium  salt  of 
the  sulphonic  acid ;  it  is  only  very  sparingly  soluble  in  water 
and  does  not  crystallise  even  when  kept  for  some  days  in  an  ice- 
chest  ;  the  \-hydrindamine  salt  has  similar  properties,  but  on  mixing 
the  two  compounds  the  product,  namely,  the  cZ^salfc,  crystallises 
spontaneously. 

The  A\-hydrindaviine  salt,  prepared  by  precipitating  with  dl- 
hydrindamine  hydrochloride^  is  an  oil  at  first,  but  it  soon  crystallises 
and  separates  from  aqueous  alcohol  in  lustrous,  nacreous  plates ;  these 
crystals  melt  below  50°  if  .suddenly  heated,  but  otherwise  do  not  melt 
until  about  130°;  they  are  readily  soluble  in  alcohol  and  aqueous 
acetone,  practically  insoluble  in  water.  Only  a  small  quantity  of  this 
salt  was  prepared,  merely  for  the  purpose  of  comparison  with  the  salt 
of  the  c?-base ;  the  fact  that  the  former  crystallises  readily  whereas 
the  later  does  not,  may  perhaps  be  taken  as  an  indication  of 
the  externally  compensated  character  of  the  siliconsulphonic 
acid. 

The  di-hor7iylamine  salt  was  prepared  by  precipitation  and  obtained 
as  a  colourless  oil  which  did  not  crystallise  when  kept  in  an  ice-chest 
in  contact  with  water ;  when,  however,  the  oil  was  separated  and 
dissolved  in  light  petroleum  it  was  ultimately  deposited  in  fern-like 
crystals ;  as  it  was  so  very  readily  soluble  in  light  petroleum  and  other 
organic  solvents  it  did  not  appear  to  be  of  much  use  and  was  not 
further  investigated. 

The  hrucine  salt  and  the  morphine  salt  were  both  prepared  in  small 
quantities,  but  not  investigated  as  they  remained  in  an  oily  condition  ; 
possibly  they  may  be  obtained  in  crystals  by  methods  found  serviceable 
in  other  cases  and  their  further  examination  is  merely  deferred. 
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Quinine  Benzylmethylethylpropylsilicanesulphonate.* — Tlie  addition  of 
an  aqueous  solution  of  quinine  hydrochloride,  C.,qH2402N.„2HC1 + 
2H2O,  to  a  solution  of  the  sodium  salt  of  the  silicanesulphonic  acid 
gives  at  first  a  precipitate  which  dissolves  on  stirring,  forming  a  viscid, 
streaky  fluid  ;  afterwards,  the  quinine  salt  is  precipitated  as  an  oil 
which  soon  solidifies  to  a  very  hard  cake. 

The  product  was  v^ashed  with  water,  dried,  and  fractionally 
crystallised  from  a  mixtui-e  of  ethyl  acetate  and  petroleum,  from  which 
it  separated  as  a  white  powder ;  after  many  operations  it  was  thus 
resolved  into  six  fractions,  all  of  which  except  the  last  (most  soluble) 
melted  simultaneously  at  about  1G5°. 

Many  other  solvents  were  used  for  further  fractional  crystallisation, 
such  as  a  hot  mixture  of  benzene  and  light  petroleum  and  cold  aqueous 
methyl  alcohol,  but  without  bringing  about  any  sign  of  the  desired 
resolution. 

The  salt  separates  from  aqueous  or  moist  solvents  in  lustrous  needles, 
which  melt  in  their  water  of  ciystallisation  if  heated  suddenly  at 
130",  but  when  heated  slowly  liquefy  from  165  — 170°;  from  anhydrous 
solvents  the  compound  is  deposited  in  opaque  nodules  melting  at 
172 — 173°.  It  is  readily  soluble  in  alcohol,  aqueous  aci tone,  benzene, 
or  ethyl  acetate,  but  practically  insoluble  in  water  or  light  petroleum. 

Quinine  Hydrogen  Benzylmethylethyl/tropylsUicanesulphonate. — The 
normal  salt,  which  has  just  been  described,  was  treated  with  excess 
of  hydrochloric  acid  in  methyl-alcoholic  solution,  the  alcohol  evaporated, 
and  the  oily  product,  which  soon  solidified,  washed  with  water ;  when 
dried,  the  crude  salt  melted  at  198—203°. 

It  was  first  crystallised  from  aqueous  methyl  alcohol,  then  twice 
from  aqueous  acetone  and  separated  into  three  fractions,  but  the  first 
and  last  of  these  melted  simultaneously  at  204 — 205°.  The  most 
sparingly  soluble  portion  was  then  roughly  dried  and  dissolved  in 
anhydrous  acetone,  from  which  it  separated  as  a  rather  gelatinous 
precipitate  ;  this  was  crystallised  three  times  from  anhydrous  acetone, 
the  salt  becoming  less  and  less  soluble  as  traces  of  water  were  I'emoved 
and  the  melting  point  rising  to  207  —  208°.  In  spite  of  this  slight 
difference  in  melting  point  the  salt  had  not  been  otherwise  changed  ; 
the  most  readily  soluble  fraction  which  melted  indefinitely  at  about 
198°  was  decomposed  with  sodium  carbonate,  and  the  filtei-ed  solution 
neutralised  and  pi-ecipitated  with  /-menthylamine  hydrochloride ;  the 
resulting  menthylamine  salt,  when  crystallised  from  wet  light 
petroleum,  melted  at  122 — 123°  and  appeared  to  be  identical  with 
the  salt  of  the  original  silicanesulphonic  acid. 

*  As  this  and  several  other  derivatives  of  the  alkaloids  wero  not  anali'sed,  the 
formula  of  the  nitrogenous  salt  used  as  precipitant  is  given  ;  these  salts  were  all 
excellent  preparations  obtained  from  Merck. 
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Fractional  crystallisation  from  ice-cold,  aqueous  methyl  alcohol 
also  failed  to  accomplish  the  desired  result. 

The  crystals  deposited  from  aqueous  acetone  and  other  solvents  are 
but  poorly  defined ;  those  obtained  from  aqvieous  solvents  melt  with 
effervescence  when  heated  suddenly  at  130°  and  immediately  solidify 
again,  so  they  probably  contain  water  of  hydration.  The  salt  is 
readily  soluble  in  the  common  alcohols  or  wet  acetone,  but  only  very 
sparingly  so  in  anhydrous  acetone. 

Cinchonidine  BenzyhnethyletJiylj'troj^i/lsilicanesulplionate.  — The  normal 
cinchonidine  salt,  obtained  as  a  colourless  solid  on  adding  a  .solution  of 
the  hydrochloride,  O^gH^jONoiHClH- 2H2O,  to  a  solution  of  the  .sodium 
salt  of  the  sulphonic  acid,  has  been  examined  very  carefully. 

The  crude,  air-dried  substance,  which  melted  at  about  188°,  was 
crystallised  several  times  from  aqueous  methyl  alcohol  and  then 
divided  into  three  parts  ;  except  the  most  readily  soluble  one,  which 
.sintered  at  189— 190^  these  melted  .sharply  at  194—195°.  The  most 
sparingly  soluble  portion  was  then  crystallised  from  aqueous  acetone, 
from  chloroform,  and  from  a  mixture  of  chloroform  and  petroleum,  in 
the  last  case  at  as  high  a  temperature  as  possible,  but  no  change 
in  melting  point  occurred. 

After  crystallising  from  ethyl  acetate  to  get  rid  of  dust,  the  specific 
rotation  of  this  sample  was  determined  in  methyl-alcoholic  solution, 
the  salt  having  been  dried  at  100°  : 

0*5270  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube; 
a- 3-03°;   [a]D-71-9. 

This  specimen  was  then  crystallised  five  times  on  the  water-bath 
from  very  dilute  alcohol,  the  substance  being  deposited  each  time 
partly  as  an  oil  and  partly  crystalline ;  the  most  sparingly  soluble 
fraction  thus  obtained  was  dried,  recrystallised  from  ethyl  acetate,  and 
examined  polarimetrically  in  methyl-alcoholic  solution  : 

0*5916  solution.  Volume  of  solution,  25  c.c.  200  mm.  tube; 
a-3*42°;[a]D-72-3°. 

As  this  sample  also  melted  at  the  same  temperature  as  the  original 
(once  crystallised)  salt  it  is  obvious  that  it  had  not  been  resolved. 

This  cinchonidine  salt  is  very  readily  soluble  in  methyl  alcohol  and 
separates  from  the  aqueous  solvent  in  lustrous,  fairly  well-defined 
prisms  or  needles  melting  at  194 — 195°;  it  also  crystallises  well  from 
ethyl  acetate,  in  which  it  is  easily  soluble  on  warming  ;  it  dissolves 
freely,  in  chloroform  but  is  practically  insoluble  in  light  petroleum  and 
in  cold  water, 

Cinchonidine  Hydrogen  Bevzylmetliylelhylpropylsilicanesidplionate. — 
When  the  normal  cinchonidine  salt  is  dissolved  in  methyl  alcohol, 
treated  with  excess  of  hydrochloric  acid,  and  the  solution  evaporated, 
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the  hydrogen  salt  is  deposited  as  an  oil  which  soon  solidifies ;  the 
washed,  air-dried  substance  melts  at  about  220". 

It  was  first  fractionally  crystallised  from  aqueous  methyl  alcohol, 
then  from  aqueous  acetone,  and  separated  into  three  fractions,  all  of 
which  melted  at  220 — 222°.  The  most  sparingly  soluble  por-tion  was 
then  roughly  dried  and  crystallised  three  times  from  ethyl  acetate  ; 
this  sample,  which  melted  at  220 — 222°  was  dried  at  100°  and 
examined  polarimetrically  in  methyl-alcoholic  solution  : 

0-4518  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube; 
a  -1-82°;   [aju   -50-3°. 

The  same  specimen  was  then  crystallised  twice  from  ice-cold, 
aqueous  methyl  alcohol  and  five  times  from  dilute  aqueous  methyl 
alcohol  on  the  water-bath;  under  the  latter  conditions  it  wa^  deposited 
partly  solid,  partly  oily  ;  finally  it  was  dried,  crystallised  from  ethyl 
acetate,  and  again  examined  in  methyl-alcoholic  solution  : 

05712  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube; 
a  -2-23°;  [a]o  -48-8°. 

As  this  preparation  still  melted  at  220 — 222°,  it  seemed  obvious  that 
no  resolution  had  occurred,  but  in  order  to  confirm  this,  the  sample 
was  decomposed  with  sodium  carbonate,  and  the  neutral  solution  of 
the  sodium  salt  precipitated  with  Z-menthylamine  hydrochloride  ;  the 
Z-menthylamine  salt  was  then  crystalli.sed  from  wet  light  petroleum  and 
sepai'ated  into  two  portions.  Both  of  these,  when  dried,  melted  at 
about  120°  and  had  all  the  properties  of  the  salt  of  the  original 
c?^sulphonic  acid. 

It  may  perhaps  be  added  that  the  filtered  solution  of  the  sodium  salt, 
obtained  by  decomposing  the  cinchonidine  salt,  is  distinctly  Isevo- 
rotatory,  owing  to  the  presence  of  the  alkaloid  which  is  not  com- 
pletely precipitated. 

The  cinchonidine  hydrogen  salt  crystallises  well  from  aqueous 
methyl  alcohol  and  aqueous  acetone  in  long,  lustrous  needles  ;  it  is 
readily  soluble  in  these  liquids  or  hot  ethyl  acetate,  but  practically 
insoluble  in  water.  It  decomposes  a  little  at  about  220°,  so  the 
melting  point  depends  to  some  extent  on  the  rate  of  heating. 

Cinclionine  Benzylmethijlethyljyrojyylsilicanesulphoaate. — This  salt  has 
also  been  examined  very  carefully.  It  is  precipitated  from  a  solution 
of  the  sodium  salt  on  the  addition  of  cinchonine  hydrochloride, 
Cj9Ho20N2,HCl-F  211^0,  as  an  oil  which  soon  solidifies. 

The  product  was  first  extracted  three  times  with  boiling  water,  but 
only  traces  dissolved.  It  was  then  fractionally  crystallised  from 
aqueous  acetone  and  separated  into  four  approximately  equal  portions  ; 
the  first  and  last  deposits  were  then  dried  at  100°  and  examined 
polarimetrically  in  methyl-alcoholic  solution  : 
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0'4793   substance.      Volume    of    solution,   25   c.c.    200   mm.   tube ; 

a  +4-39=;  [ajo  +113-7^. 
0-7454    substance.      Volume   of    .solution,   25   c.c.    200    mm.    tube ; 

a   +6-66°;   [a]o   +111-7°. 

These  results,  and  the  fact  that  the  two  samples  melted 
simultaneously,  having  indicated  that  no  resolution  had  occurred,  the 
most  .'sparingly  soluble  portion  was  nest  crystallised  about  five  times 
from  aqueous  methyl  alcohol,  but  its  melting  point  did  not  change. 
The  various  fractions  were  therefore  collected,  dried,  and  crystallised 
about  six  times  from  anhydrous  acetone  so  that  ultimately  the  deposit 
formed  only  about  5  per  cent,  of  the  original  salt ;  this  was  dried  at 
100°  and  examined  in  methyl-alcoholic  solution  : 

07170  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube; 
a  +6-62°;  [a]o  +115-4°. 

It  seems  therefore  that  crystallisation  from  aqueous  or  from 
anhydrous  solvents  does  not  effect  the  resolution  of  this  salt ;  the 
value  [a]ij  +111-7  obtained  above  with  the  most  readily  soluble 
portion  is  probably  a  little  low,  owing  to  the  almost  unavoidable 
presence  of  small  quantities  of  impurity  when  the  final  mother  liquors 
are  evaporated  almost  to  dryness. 

The  normal  cinchonine  salt  crystallises  well  from  very  weak  aqueous 
alcohol  or  acetone  in  highly  lustrous  needles  which  seem  to  contain 
water  of  hydration  and  melt  at  87 — 90°  ;  from  hot  anhydrous  acetone, 
in  which  the  salt  is  readily  soluble,  it  separates  in  rather  a  gelatinous 
condition  and  then  melts  at  110 — 112°,  It  is  readily  soluble  in  cold 
ethyl  acetate,  methyl  formate,  or  chloroform,  from  which  solutions  it 
is  precipitated  by  light  petroleum  as  a  gelatinous  mass  which 
deliquesces  on  exposure  to  moist  air. 

Cinchonine  Hydrogen  Benzylmethylethylpi'opylsilicanesulphonate. — 
When  the  normal  salt  just  described  is  dissolved  in  methyl  alcohol, 
treated  with  excess  of  hydrochloric  acid,  and  the  solution  then 
evaporated  or  diluted  with  water,  the  hydrogen  salt  is  deposited  as  an 
oil,  which  solidifies  on  cooling ;  the  most  sparingly  and  most  readily 
soluble  fractions  of  the  normal  salt  previously  referred  to  were 
separately  converted  into  the  hydrogen  j-alt  and  the  samples  crystallised 
once  from  aqueous  acetone;  they  melted  simultaneously  at  210 — 212° 
and  had  the  same  specific  rotation  within  the  limits  of  experimental 
error,  confirming  the  conclusion  that  the  normal  salt  had  not  been 
resolved. 

The  whole  of  the  normal  salt  having  been  converted  into  the 
hydrogen  salt,  the  latter  was  first  extracted  two  or  three  times  with 
warm  water,  in  which  it  was  practically  insoluble,  then  dissolved 
in  methyl  alcohol  and  precipitated  with  water  to  the  extent  of  about 
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95  per  cent.  ;  the  salt  from  the  filtrate  was  collected,  dried,  aod 
examined  polarimetrically  in  methyl-alcoholic  solution  : 

0"3794  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube  ; 
a +  2-39°;   [a]u  +78-7°. 

The  rest  of  the  salt  was  then  roughly  dried,  dissolved  in  a  little 
methyl  alcohol,  and  the  solution  mixed  with  anhydrous  acetone ; 
on  evaporating  on  the  water-baJih,  adding  fresh  acetone  from  time  to 
time,  the  salt  separated  in  a  somewhat  gelatinous  condition,  and  the 
hot  solution  was  decanted  ;  the  residue  was  again  dissolved  in  a  very 
little  methyl  alcohol,  acetone  added,  and  the  solution  evaporated  as 
before ;  these  operations  having  been  repeated  several  times,  moisture 
is  I'emoved,  and  the  salt  finally  separates  from  the  boiling  solution  in 
long  needles.  A  sample  prepared  in  this  way  after  five  crystallisations 
was  heated  at  100°  for  a  short  time  and  examined  in  methyl-alcoholic 
solution,  other  conditions  as  before: 

0-748  substance;  a  +4-65^  [a]u  +  77-7°. 

As  this  treatment  proved  ineffective,  the  whole  of  the  salt  was  next 
crystallised  from  aqueous  ethyl  alcohol  at  the  ordinary  temperature ; 
so  long  as  the  solution  contained  a  moderate  proportion  of  alcohol,  the 
salt  was  invariably  deposited  as  an  oil,  but  on  increasing  the  proportion 
of  water  it  separated  in  lusti-oiis  needles.  After  about  six  crystallisa- 
tions the  most  sparingly  soluble  fraction  was  dried  and  then  extracted 
five  times  with  hot  acetone  ;  the  residue,  after  having  been  heated  at 
100°,  was  examined  in  methyl-alcoholic  solution,  other  c'>ndiiion.s  as 
before  : 

0-6983  substance  ;  a -I- 4-37°;  [  a  ]i,  4-78-2° 

This  fraction  was  then  decomposed  with  ammonia,  the  solution 
filtered,  evaporated  until  neutral,  and  precipitated  with  ^menthyl- 
amine  hydrochloride  ;  the  ^-menthylamine  salt  was  identical  in  ap- 
pearance and  in  melting  point  with  the  salt  of  the  original  dl-ncid. 

The  cinchonine  hydrogen  salt  decomposes  slightly  at  its  melting 
point  and  is  practically  insoluble  in  anhydrous  acetone,  but  readily 
soluble  in  tthyl  acetate,  aqueous  acetone,  or  the  common  alcohols. 

jVarcotine  llydroyen  Benzyl iiLelhijlethylpropylsilicanesidiilionate. — The 
addition  of  a  solution  of  narcotine  hydrochloride,  CoaHogOyNjHCl,  to 
a  solution  of  the  sodium  salt  of  benzylmethylethylpropylsilicane- 
sulphonic  acid  produces  an  oily  precipitate  ;  as,  at  the  same  time,  the 
solution  acquires  a  very  strong  acid  reaction,  this  precipitate  probably 
contains  the  hydrogen  salt.  Wishing  to  obtain,  in  the  first  place,  the 
normal  salt,  the  solution  was  rendered  faintly  alkaline  with  ammonia, 
but  this  caused  the  separation  of  a  powder  which  seemed  to  be  either 
the  alkaloid  or  a  ba^ic  salt.  The  solution  was  therefore  strongly 
acidified  with  hydrochloric  acid  and  the  addition  of  narcotine  hydro- 
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chloride  continued  as  long  as  a  precipitate  was  formed  ;  the  product, 
at  first  an  oil,  soon  solidified  and  was  washed  with  dilute  hydrochloric 
acid  and  then  with  water. 

This  substance,  which  may  be  regarded  as  the  hydrogen  salt,  is  very 
readily  soluble  in  the  common  alcohols  and  in  aqueous  acetone,  and 
separates  again  as  an  oil  on  adding  water  as  long  as  there  is  a  moderate 
proportion  of  the  organic  solvent  present;  if, however, dilution  be  carried 
so  far  that  most  of  the  salt  is  preci})itated,  and  the  oil  is  then  stirred 
with  a  crystal  of  the  salt  it  soon  solidifies,  and  the  liquid  decanted 
from  it  gives  a  deposit  of  highly  lustrous,  slender  needles  when  allowed 
to  evaporate  spontaneously. 

The  original  product  was  treated  in  this  way  with  much  aqueous 
acetone  and  thus  separated  into  seven  fractions,  of  which  the  seventh 
(or  residue)  formed  about  40  per  cent,  of  the  whole,  only  about  10  per 
cent,  being  contained  in  each  of  the  six  extracts  ;  the  deposits  from  the 
first  and  sixth  extracts  were  then  dried  at  100°  and  examined  polari- 
metrically  in  methyl-alcoholic  solution  : 

I.  0*227  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube  ; 
a  +  0-72°;  [a]^  +39-6^. 

VI.  0"5839  substance.  Volume  of  solution,  25  c.c.  200  mm.  tube  ; 
a+l-90°;  [aJD  +40-7°. 

The  melting  point  of  the  salt  is  indefinite ;  samples  which  have  been 
kept  over  sulphuric  acid  for  several  days  begin  to  melt  at  from  70°  to 
85°  according  to  the  rate  of  heating,  and  a  similar  behaviour  is  shown 
by  specimens  dried  at  100°,  at  which  temperature  the  salt  is  a  colour- 
less, very  viscid  oil. 

Attempts  to  crystallise  the  salt  from  other  solvents  were  unsuc- 
cessful ;  unlike  all,  or  nearly  all,  the  other  alkaloidal  salts  of  this  acid, 
the  narcotine  salt  seems  soluble  in  anhydrous  acetone  as  well  as  in 
ethyl  acetate,  and  remained  oily  as  long  as  any  solvent  was  present  ; 
it  was  also  precipitated  as  an  oil  on  adding  light  petroleum  to  its 
solution  in  cold  acetone. 

Mr.  H.  Marsden,  B.Sc.  (Vict.)  and  Mr.  W.  E.  Bullock,  B.Sc. 
(Lood.),  have  rendered  assistance,  for  which  the  author  desires  here 
to  express  liis  thanks,  in  the  preparation,  analysis,  and  polarimetric 
examination  of  some  of  the  compounds  described  in  this  paper. 

Government  grants,  for  which  the  author  is  greatly  indebted  to  the 
Committee  of  the  Royal  Society,  have  been  used  to  cover  part  of  the 
cost  of  this  investigation. 

University  Collegk, 
Nottingham. 
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LXIX. — l^Jlectrolytic  Reduction.     Part  III. 
By  Hekbkkt  Drake  Law. 

Electrolysis  in  Alkaline  Solution. 

In  previous  communications  (Trans.,  1906,  89,  1512  and  1522)  the 
reduction  products  of  the  aromatic  aldehydes  were  studied,  the  work 
being  confined  almost  entirely  to  alkaline  solutions.  From  time  to 
time  complications  were  encountered,  due  to  the  formation  of  resinous 
substances  which  rendered  the  manipulation  a  matter  of  some 
difficulty.  Although  the  appearance  of  these  resins  is  a  matter  of 
frequent  occurrence  in  the  region  of  organic  chemistry,  very  little 
attention  has  been  devoted  to  their  mode  of  formation.  It  became  of 
interest,  therefore,  to  systematise  the  results  obtained  by  the  electro- 
lytic method,  especially  as  this  latter  very  closely  resembles  the 
natural  process  of  resin  formation.  It  has  already  been  shown  (Trans., 
1905,  87,  198  ;  1906,  89,  1437)  that  the  aldehydes  which  most  easily 
resinify  under  the  action  of  an  electric  strain  contain  an  unsaturated 
carbon  linking,  and  from  this  point  of  view  the  aromatic  compounds 
must  be  regarded  as  a  class  intermediate  between  the  saturated  and 
unsaturated  substances.  Thus,  benzaldehyde  partially  resinifies  at  the 
cathode  when  the  high  potential  of  such  a  metal  as  lead  is  employed. 
This  is  also  the  case  with  p-tolualdehyde  and  anisaldehyde,  but  with 
ortho  (II)  and  meta  (III)  tolualdehydes  complete  resinification  takes 
place  even  on  platinum  and  nickel.  The  latter  substances  behave  like 
true  unsaturated  compounds  and  may  be  compared  with  crotoualdehyde 
(I),  w^hich  they  closely  resemble  in  structure  : 

H-CMe  CHICH-CMe  CHICMe-CH 

H-c-CHo  ch:ch-c-cho  ch:ch-c-cho 

I.  II.  III. 

The  combined  influence  of  the  groups  'CHO  and  'Cilg  tends  to 
make  the  benzene  nucleus  an  unsaturated  aggregation,  but  this  action 
will  be  felt  only  in  an  asymmetrical  configuration.  Thus,  of  the  three 
tolualdehydes : 

Me 


Me 

Me 


CHO  CHO  CHO 

•  IV.  V.  VI. 

VI  is  the  least  symmetrical  and  most  easily  resinifies,  whilst  IV  behaves 
like  an  ordinary  ring  compound.     If  we  take  V  and  VI  and  introduce 
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a  counter  influence  by  means  of  another  meta-substitution,  a  symmet  ical 
arrangement  may  be  arrived  at  with  almost  complete  loss  of  tendency 
to  resinify.     Thus,  from  the  compound 

Me 


Me/    \Me  /    >Me 


CHO  CHO 

VIL  VIII. 

VII  a  well-defined  ci'ystalline  substance  may  be  obtained  on  reduction. 
By  partly  neutralising  the  effect  of  the  grouping  of  VI  by  substitu- 
tion as  in  VIII,  an  almost  symmetrical  compound  is  obtained  and  the 
product  of  the  cathode  chamber  is  mixed  with  40  per  cent,  of  resin. 
The  groups  OH,  OMe,  OglCH^  also  have  a  marked  effect  on  the 
character  of  the  benzene  nucleus,  as  seen  in  the  compounds 

OH  OMe        O— CH2 

/"^OMe       ,/\,       i^No 
OH     '1  I  I 

Me        CHO  CHO        CHO 

IX.  X.  XI.  XII. 


CHO 

O  CHICH-CHO 

XIII.  XIV. 

IX  gives  non-crystalline  substances  unless  the  gi'oup  OH  is  removed 
during  the  reaction  ;  X  is  nearly  symmetrical  with  respect  to  three 
influences,  and  gives  a  50  per  cent,  yield  of  crystalline  product  in 
alkaline  solutions.  From  XI  crystalline  substances  '  alone  were 
obtained,  but  XII  resinifies  in  acid  solutions;  XIII 'is  asymmetrical 
and  unsaturated,  and  XIV  is  unsaturated,  and  both  resinify  with  ex- 
treme ease.  From  this  it  seems  quite  clear  that  such  groups  which  can 
bring  about  resinification  when  substituted  in  the  benzene  nucleus  do 
so  most  readily  when  arranged  so  as  to  distort  the  whole  molecule,  a  con- 
dition fulfilled  with  an  asymmetrical  grouping.  The  evidence  is  still 
incomplete,  but  it  is  hoped  that  in  the  future  further  developments 
may  be  made. 

Experimental. 

The  apparatus  used  throughout  this  work  differed  only  in  detail 
from  that  already  described  (Trans.,  1906,  89,  1513),  the  principal 
change  being  the  substitution  01  a  porous  pot  of  fours  times  the 
capacity  of  that  previously  used,  the  cathodes  being  larger  in 
proportion.     A  current  density  of  0'05  ampere  per  square  centimetre 
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was  employed  and  maintained  until  the  hydrogen  absorption  was 
comjjlete,  no  account  being  taken  of  the  voltage  ex^-ept  as  an 
indication  of  a  resistance  too  high  for  efficient  cooling.  The  cathodes 
were  composed  of  either  nickel  or  platinum — both  polished — cut 
from  sheets  of  the  metal  and  bent  in  the  form  of  cylinders.  The 
solvent  was  a  mixture  of  alcohol  and  water,  and  the  electrolyte 
potassium  hydroxide  in  sufficient  quantity  to  be  5  per  cent,  of  the  total 
volume  of  liquid  in  the  cathode  chamber. 

p-  Tolualdehyde. — Twenty-six  grams  of  this  substance  were  dissolved 
in  200  c.c.  of  alcohol,  to  whicli  was  added  100  c.c.  of  water  containing 
the  necessary  potassium  hydroxide.  A  current  of  4  amperes  was 
passed  through  this  mixture  for  four  to  five  hours,  at  the  end  of  which 
time  2280  c.c.  of  hydrogen  had  been  absorbed,  the  theoretical  quantity 
required  for  the  production  of  hydrotoluoin  being  2240  c.c.  The 
solution  was  then  poured  in  an  excess  of  cold  water,  when  a  white, 
crystalline  substance  separated  which  weighed  26  grams.  After 
being  crystallised  several  times  from  alcohol  this  melted  at  162 — 163°. 
The  mother  liquor  was  evaporated  to  dryness  and  the  residue  ex- 
tracted several  times  with  small  quantities  of  cold  alcohol,  when  a 
substance  was  obtained  which  melted  at  126 — 127°  after  being  once 
crystallised  from  benzene ;  the  amount  of  each  product  was  approxi- 
mately 50  per  cent,  of  the  total.  Tiie  substance  melting  at  162 — 163° 
gave  the  following  results  on  analysis : 

0-1004  gave  0-2910  CO.,  and  0-0680  HgO.     C  =  79  04  ;  H  =  7-52. 
C16H1SO2  requires  C  =  7933  ;  H  =  7'44  per  cent. 

This  substance  was  hydrotoluoin  and  was  formed  according  to  the 
following  equation  : 

2C6H,Me-CHO  -|-  2H  =  C,H,Me-CH(0H)-CH(0H)-C6H,]SJe. 

A  small  quantity  was  dissolved  in  benzene,  treated  with  phosphorus 
pentabromide,  and  allowed  to  stand  for  an  hour.  The  benzene 
solution,  together  with  the  deposited  crystals  was  removed  from  the 
unchanged  phosphorus  pentabromide  and  allowed  to  evaporate.  After 
being  crystallised  from  hot  xylene,  the  product  melted  at  208°  and  was 
^>dimethylstilbene  dibromide.  This,  on  analysis,  gave  the  following 
results  : 

0'2789  gave  0-2844  AgBr.     Br  =  43-33. 

C^gHj^Br.,  requires  Br  =  43-47  per  cent. 

Many  of  the  dibromo-derivatives  of  stilbene  are  not  readily  decom- 
posed with  fuming  nitric  acid,  even  on  continued  heating  at  high 
temperatures  in  sealed  tubes,  and  as  a  consequence  Carius's  method 
cannot  be  employed  for  analysis.  On  heating  these  substances  with 
a  mixture  of  quicklime  and  sodium  carbonate,  complete  decomposition 
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takes  place,  and  for  this  reason  Piria  and  Schiff's  method  was  used  for 
the  analyses. 

The  compound  melting  at  126 — 127°  gave,  on  analysis,  the  following 
results  : 

0-1135  gave  0-3283  COo  and  0-0813  H^O.  0  =  78-89  ;  H  =  7-92. 
^16^18^2  requires  0  =  79-33  ;  H  =  7'44  per  cent. 
This  substance  thus  had  the  same  composition  as  the  above  and 
was  probably  isohydrotoluoin.  On  treatment  with  phosphorus 
pentabromide  it  gave  dimethylstilbene  dibromide,  m.  p.  208°  whereby 
its  constitution  is  established.  The  dimethylstilbene  dibromide 
obtained  in  these  experiments  is  sparingly  soluble  in  the  alcohols, 
chloroform,  benzene,  |_toluine,  or  the  paraffins.  It  crystallises  from 
hot  xylene  in  small,  white  plates  which  decompose  at  the  melting  point. 

Ta-Tolucddehyde  and  o-Tolualdehyde. — In  both  these  cases  6  grams 
of  aldehyde  were  used  in  each  experiment,  560  c.c.  of  hydrogen  being 
therefore  required  for  the  complete  conversion  to  hydrotoluoin.  At 
the  end  of  four  hours  this  amount  of  reduction  had  taken  place,  but 
still  an  absorption  of  hydrogen  continued  slowly  for  a  considerable 
period  of  time.  The  product  was  resinous  and  even  on  standing  for 
several  months  deposited  no  crystals. 

With  methyl  alcohol  as  solvent  no  improvement  on  the  previous 
experiment  was  obtained.  Sodium  hydroxide  was  substituted  for 
potassium  hydroxide  without  any  difference  being  detected.  To 
reduce  the  resinifying  effect  of  caustic  alkalis,  potassium  acetate  and 
carbonate  were  used  as  electrolyte,  but  the  product  was  still 
non-crystalline  and  chan-ed  on  distillation,  even  in  a  vacuum. 

3  :b-Dimethylbenzaldehyde. — Twenty  grams  were  dissolved  in  150  c.c. 
of  alcohol,  to  which  were  added  80  c.c.  of  water  containing  the  required 
amount  of  potassium  hydroxide.  The  current  was  continued  for  five 
hours,  at  the  end  of  which  time  complete  reduction  had  taken  place. 
The  amount  of  hydrogen  absorbed  was  rather  less  than  that  required 
by  the  equation  :  20eH3Me2-CHO  +  2H  = 

C6H3Me2-CH(OH)-OH(OH)-OyH3Meo. 

The  product  was  precipitated  with  water,  as  before,  but  contained  a 
small  amount  of  resin.  This  was  removed  with  light  petroleum  and 
did  not  amount  to  more  than  5  per  cent,  of  the  total  product,  the  latter 
being  almost  the  theoretical  quantity.  The  separation  of  the  two 
isomeric  compounds  was  effected  in  exactly  the  same  way  as  in  the 
previous  case,  and  two  substances  were  obtained  melting  at  147 — 148° 
and  126 — 128°  respectively.  The  compound  of  high  melting  point 
gave  the  following  result  on  analysis  : 

0-2028  gave  0-5928  00^  and  0-1539  H2O.     0  =  79-71  ;  H  - 8-43. 
O13H22O2  requires  0  =  8000  ;  H  =  8-15  per  cent. 

3  D  2 
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This  substance,  on  treatment  with  phosphorus  pentabromide,  gave 
a  compound  melting  at  235°  with  decomposition.  This  was  almost 
insoluble  in  the  alcohols,  chloroform,  or  the  hydrocarbons.  It  crystal, 
lised  best  from  hot  xylene  in  colourless  plates,  which,  on  analysis,  gave 
the  following  figures  : 

0-2164  gave  0-2070  AgBr.     Br  =  40-70. 

C^8H2o^^2  J*ec[uires  Br  =  40-40  per  cent. 

The  substance,  then,  is  tetraviethylstilhene  dibromide, 
C^HgMe.-CHBr-CHBr-C^H.Me^, 
and  the  parent  compound  hydroxyloin. 

The  analysis  of  the  substance  melting  at  126—128°  yielded  the 
following  result  : 

0-1284  gave  0-3775  COg  and  00990  HgO.     C  =  80-18  ;  H  =  8-56. 
Ci8H220.^  requires  C  =  80-00  ;  H  =  8-15  per  cent. 

This  substance  is  isohijdroxyloin,  having  the  same  composition  as 
the  compound  of  higher  melting  point.  This  also  yielded  tetramethyl- 
stilbene  dibromide  on  treatment  with  phosphorus  pentabromide, 
m.  p.  235°. 

2  :  i- Dimethylbenzcddehyde. — This  sub.->tance  was  prepared  from 
i/^-cumene  by  a  method  previously  described  (Trans.,  1907,91,258), 
but  the  constitution  has  never  been  accurately  determined.     It  has 

_^Ie 

been    assumed  to  be    Me<^       ^CHO,  for    the  reason   that  a   methyl 

group  is  attacked  most  readily  in  the  ortho-  and  para-positions,  and 
this  is  the  only  formula  possible  for  the  fulfilment  of  this  rule.  Ten 
grams  were  dissolved  in  100  c.c.  of  alcohol,  to  which  was  added  50  c.c. 
of  water  and  the  required  amount  of  potassium  hydroxide.  After 
passing  the  current  through  this  mixture  for  four  hours,  rather  less 
than  complete  absorption  of  hydrogen  for  the  production  of  the  com- 
pound C^H3Meo-CH(OH)-CH(OH)-C6H3Me._j  had  taken  place.  The 
solution  was  poured  into  water,  when  a  semi-solid  substance  separated, 
which  on  standing  for  three  weeks  became  crystalline.  The  quantity 
of  solid  matter  obtained  weighed  10  grams,  but  on  being  trea,ted  with 
light  petroleum  to  remove  the  i-esin  yielded  only  6  grams  of  a  crystal- 
line substance.  This  was  separated  into  two  isomeric  compounds 
melting  at  153 — 154°  and  129 — 130°  respectively,  the  solvent  used 
being  a  mixtvire  of  equal  parts  of  benzene  and  light  petroleum.  The 
compound  of  higher  melting-point  gave  the  following  result  on 
analysis  : 

0-1239  gave  0-3635  COg  and  00950  H,0.     C  =  80-01  ;  H  =  8-52. 
CisHgaO.,  requires  C  =  80-00  ;  H  =  8-15  per  cent. 

This    substance    is   hydroxyloin ;     on    ti-eatment    with    phosphorus 
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pentabromide,  it  yielded  a  compound  readily  soluble  in  benzene, 
but  sparingly  so  in  alcohol.  On  crystallisation  from  hot  alcohol,  this 
melted  at  177 — 178°  and  gave,  on  analysis,  the  following  result  : 

0-2182  gave  0-2100  AgBr.     Br  =  40-49. 

CjgHgQBr.^  requires  Br  =  40-40  per  cent. 

This  was  therefore  tetramethylstilhene  dibromide. 

The  substance  melting  at  129 — 130°  was  obtained  in  too  small 
an  amount  for  analysis,  and  was  therefore  converted  into  the  dibromo- 
derivative  as  above.  This  melted  at  177 — 178°,  and  was  identical 
with  tetramethylstilhene  dibromide  previously  obtained,  which  proves 
the  parent  compound  to  be  ^sohydroxyloin. 

Electrolysis  in  Acid  Solution. 

When  sulphuric  acid  is  used  as  an  electrolyte  very  different  results  are 
obtained,  primary  alcohols,  unsaturated  and  saturated  hydrocarbons 
complicating  what  was  in  the  first  case  a  simple  reaction.  Apart  from 
this,  tem{erature  has  a  great  influence  on  the  reducing  action  in  acid 
solution,  a  fact  which  is  almost  absent  when  using  alkalis.  In  this 
connexion  an  apparent  anomaly  is  encountered.  At  the  ordinary 
temperature  the  chief  product  obtained  from  an  acid  solution  is  a 
primary  alcohol.  Thus,  from  benzaldehyde  a  good  yield  of  benzyl- 
alcohol  may  be  obtained.  As  the  temperature  rises,  however,  the 
percentage  yield  of  the  latter  product  decreases,  and  the  crystalline, 
mixed  hydrobenzoins  take  its  place.  In  other  words,  the  least  amount 
of  reduction  takes  place  at  the  higher  temperature.  To  account  for 
these  curious  results  the  products  of  reduction  of  a  large  number  of 
well  defined  aromatic  aldehydes  were  studied.  It  has  been  assumed 
that  caustic  alkalis  I'eact  with  these  aldehydes,  and  in  support  of  this 
view  many  facts  may  be  brought  forward  as  evidence,  one  of  the  most 
striking  being  the  ready  solubility  of  benzaldehyde  in  potassium 
hydroxide  solutions  containing  small  quantities  of  alcohol.  The 
following  equation  probably  represents  this  change  : 

/OH 
CgHg-CHO  +  HOH  =  CgHg/ OH, 

\h 

the  compound  formed  being  readily  reduced  owing  to  the  presence  of 
two  hydroxyl  groups  attached  to  one  carbon  atom.  At  the  ordi- 
nary temperature  dilute  sulphuric  acid  does  not  exhibit  the  same 
tendency  to  react  with  the  aldehyde.  When  reduction  takes  place 
the  double  link  is  broken,  forming  the  substance  'RCH-O*,  which 
immediately  unites  with  hydrogen  to  form  RCH2*0H.  At  the  same 
time  the  junction  of  two  radicles,  •RCH'OH,  is  prevented  by  the  close 
proximity  of  the  carbon  and  oxygen. 
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It  is  possible,  however,  to  break  both  links  and  completely  remove 
the  oxygen  and  so  destroy  its  influence.  In  the  latter  case  we  may 
have  : 

rch:  -^  kch:chr, 

RCH:+H  — >  RCH2  — >  RCHg-CHgR, 
llCHg'  +  H  -->  RCH3, 

or  from  benzaldehyde  we  may  obtain  stilbene,  toluene,  or  dibenzyl. 

The  two  former  were  identified  in  the  reaction  product,  and  the 
latter  was  probably  also  present.  As  the  temperature  of  the  acid 
mixture  increases,  however,  the  reaction  between  the  benzaldehyde 
and  the  sulphuric  acid  makes  itself  more  and  moi-e  apparent,  and 
derivatives  of  the  dihydric  alcohol  are  probably  formed  : 
RCHO  +  H2O  =  RCH(0H)2. 

Thus,  as  in  the  case  of  alkaline  solutions,  the  close  proximity  of  the 
oxygen  and  carbon  atoms  has  been  destroyed  and  I'eadily  reducible 
compounds  formed.  The  reduction  then  proceeds  in  the  following 
manner  : 

RCH(0H)2  +  H  — >  RCH(OH)-  -^  RCH(OH)-CHR(OH). 

The  complete  course  of  tlie  reaction  may  be  represented  in  the  fol- 
lowing scheme  : 

CfiHg-CHg  <~  CeHg-CHO  — >  C6H5-CH(OH),  -^ 

C,3H5-CH(OH)-CH(OH)-C6H5 

>  C6H5-CH2(OH)  ^ 

>  C.Hs-CHICH-CgH^  <- 

I 

The  dotted  lines  represent  a  very  slow  reaction.  This  is  analogous 
in  every  way  to  the  reduction  of  the  nitro- compounds,  and  takes  place 
with  almost  all  the  aldehydes  examined,  exceptions  being  met  with  in 
the  cases  of  salicylaldehyde,  vanillin,  and  piperonaldehyde,  which 
resinify. 

Benzaldehyde. — These  experiments  were  conducted  in  exactly  the 
same  manner  as  those  already  described,  the  only  modification  being 
the  substitution  of  5  per  cent,  sulphuric  acid  for  the  caustic  alkali, 
and  sheet  copper  for  the  cathode  material.  The  latter  was  cut  from 
sheets  of  the  electrolytic  metal  and  cleaned  by  means  of  nitric  acid 
and  fitted  as  before.  In  each  case  the  current  density  employed  was 
0*05  ampere  per  square  centimetre.  The  whole  apparatus  was  sur- 
rounded by  a  large  glass  vessel  to  serve  either  as  a  cooling  or  heating 
apparatus.  Twenty-six  grams  of  benzaldehyde  were  dissolved  in 
150  c.c.  of  alcohol,  to  which  was  added  100  c.c.  of  water  containing 
the  required  amount  of  sulphuric  acid.  A  current  of  4  amperes  was 
continued  for  five  and  a  half  hours,  and  the  temperature  was  regulated 


LAW:    ELECTROLYTIC    REDUCTION.      PART    III.  755 

as  nearly  as  possible  to  that  required.  The  whole  product  was  pre- 
cipitated with  water  and  allowed  to  stand  overnight.  The  crystals 
wei'e  separated  by  filtration,  and  the  oil  extracted  with  ether  and 
fractionated.  In  this  manner  the  following  fractions  were  obtained  ; 
I,  0—100°;  II,  160—250°;  III,  280—320°.  Fraction  I  was  washed 
with  water  to  remove  any  alcohol  and  carefully  refractionated  and 
finally  identified  as  benzene.  Fraction  II  contained  a  little  un- 
changed benzaldehyde,  which  was  removed  by  treatment  with  sodium 
bisulphite,  the  remainder  being  benzyl  alcohol,  b.  p.  206°.  The 
portion  boiling  above  250°  solidified  on  cooling  and  contained  mixed 
hydrobenzoins,  a  product  boiling  at  306°,  and  small  quantities  of  sub- 
stances not  identified.  The  compound  of  boiling  point  306°  solidified  on 
cooling  and  crystallised  readily  from  alcoholic  solutions  in  large  thin 
plates,  m.  p.  124°.  This  substance  rapidly  absorbed  bromine  in 
chloi'oform  solution  without  the  liberation  of  hydi"ogen  bromide  and 
the  product  melted  at  237°  with  decomposition,  after  being  crystallised 
from  hot  xylene.  It  was  almost  insoluble  in  the  ordinary  organic 
solvents,  and,  on  analysis,  gave  the  following  results  : 

0-2700  gave  03000  AgBr.     Br  =  47-26. 

Oj^HjgBrg  requires  Br  =  47-06  per  cent. 

From  this  it  may  be  concluded  that  the  compound  is  stilbene 
dibromide  and  the  parent  substance  stilbene.  The  product  not  dis- 
tilling below  330°  was  small  and  was  not  treated  further.  From  three 
experiments,  conducted  at  different  temperatures,  the  following  results 
were  obtained  : 

Benzaldehyde  Tempera-      Hydro-  Benzyl 

taken.           ture.          benzoins.  alcohol.  Stilbene.  Benzene. 

26  t^rams           5°             6  grams  9  grams  3-4  grams         1  gram 

26     ,,              17          8-9     ,,  5-7     ,,  3-4     „              1     ,, 

26     „              34            15     ,,  3-4     ,,  3-4     ,,              1     ,, 

Hydrobenzoins. — Pure  hydrobenzoin  is  not  sufficiently  soluble  in 
alcohol  and  water  to  permit  the  treatment  of  more  than  2 — 3  grams 
at  a  time.  It  was  slowly  attacked  by  electrolytic  hydrogen,  the 
products  being  benzyl  alcohol  and  stilbene.  The  crude  product  obtained 
by  reduction  in  alkaline  solution  contained  small  quantities  of  resin 
and  was  readily  soluble  in  a  mixture  of  alcohol  and  water,  but  in  this 
state  it  is  not  readily  reduced  in  acid  solution.  The  experiments  had 
to  be  stopped  at  this  point,  but  it  is  hoped  that  they  may  be  continued 
in  the  near  future. 

i^-Tolualdehyde. — Twenty-four  grams  were  dissolved  in  180  c.c.  of 
alcohol,  to  which  was  added  100  c.c.  of  water  containing  the  required 
amount  of  sulphuric  acid.  The  absorption  of  hydrogen  proceeded 
rapidly  at  first,  but  more  slowly  after  two  hours,  and  was  still  progress- 
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ing  slowly  after  six  hours,  probably  due  to  the  secondary  reactions.  At 
the  end  of  this  time  3320  c.c.  of  hydrogen  had  been  absorbed,  whilst 
the  equation  CVH4Me-CH0  + H  =  C^H4Me-CH2-OH  requires  4480  c.c. 
The  product  was  poured  into  water  and  treated  as  in  the  previous  case. 
The  following  fractions  were  obtained  :  I,  0—120°;  II,  150—250°;  TIT, 
300—330°,  and  in  addition  to  this  a  small  amount  of  residue  was  left 
in  the  flask.  I  was  washed  with  water  and  fractionated,  giving  a  liquid 
boiling  at  110°,  which  was  proved  to  be  toluene.  II  was  refractionated 
and  a  pioduct  obtained  boiling  constantly  at  216°,  which  solidified  on 
cooling  and  melted  at  59°;  this  was  p-xy\y\  alcohol.  Ill  was  refrac- 
tionated and  the  bulk  distilled  at  320 — 330°  and  solidified  in  the 
receiver.  On  crystallisation  from  alcohol  a  compound  was  obtained 
melting  at  176°.  This  substance  rapidly  absorbed  bromine  from 
chloroform  solution  and  deposited  a  substance  melting  with  decomposi- 
tion at  208°. 

This  substance  is  ;)-dimethylstilbene  dibromide  and  the  parent 
compound  is  dimefchylstilbene.  The  above  aldehyde  is  affected  in  pre- 
cisely tlie  same  manner  as  the  previous  one  when  electrolysed  at 
different  temperatures  and  the  results  of  two  experiments  may  be 
tabulated  as  follows  : 

Aldeliyde       Tempera-         Hydro-              Xylyl  Dimethyl- 
taken,             ature.           toluoins.  alcohol.  stilbene.  Toluene. 
24  grams             14°             6  grams  10  grams  4  grams  1  gram 
35  13     ,,                  4     ,,  4     ,,                  1     ,, 

m-Tolualdehyde. — Twenty  grams  were  dissolved  in  a  mixture  of 
alcohol  (180  c.c.)  and  water  (80  c.c.)  and  the  required  amount  of 
sulphuric  acid.  A  current  of  4  amperes  was  passed  through  this 
mixture  for  five  to  six  hours,  at  the  end  of  which  time  3520  c.c.  of 
hydrogen  had  been  absorbed  whilst  3740  c.c.  were  necessary  for  the 
complete  reduction  to  ?n-xylyl  alcohol.  The  product  was  precipitated 
with  exce.«s  of  water  and  extracted  with  ether.  After  evaporating  the 
ether  the  following  fractions  were  obtained  :  I,  0 — 160°;  II,  170 — 230°; 
III,  300 — 333°.  I  gave  m-xylene  on  refractionation  and  this  was 
identified  by  qualitative  tests.  Yield  1  — 2  grams.  II  yielded  a 
fraction  boiling  at  217°,  which  constituted  the  main  product  of  the 
reaction.  This  was  7n-xy\y\  alcohol.  Yield  14 — 15  grams.  Ill  was 
carefully  refractionated  and  a  substance  was  isolated  boiling  at 
320 — 330°.  This,  however,  could  not  be  obtained  in  a  pure  state.  It 
readily  absorbed  bromine  and  yielded  a  crystalline  product.  To  a 
solution  in  chloroform,  therefore,  a  slight  excess  of  bromine  was  added 
and  the  mixture  was  allowed  to  evaporate  in  the  air.  The  crystalline 
residue  was  dried  in  a  porous  plate  to  remove  the  adhering  oil,  and 
finally  crystallised  from  alcohol  and  benzene.  This  substance  is 
sparingly  soluble  in  the  alcohols,  but  readily  so  in  the  benzene  hydrocar- 
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bons.     It  melts  at   164 — 165°  and  an    analysis    gives  the    following 
result : 

0-1817  gaveO-1860  AgBr;  Br  =  43-74. 

CjgHjgBro  requires  Br  =  43'47  per  cent. 

This  is  dimethylslilhene  dibromide  and  the  amount  obtained  corre- 
sponds to  2  grams  of  dimethylstilbene.  The  mixture  obtained  above 
consists  of  this  substance  and  probably  toluoin,  but  a  sujBficient  quantity 
was  not  obtained  to  enable  work  to  be  continued  in  this  direction. 

o-Tolualdehyde. — Twenty  grams  of  this  substance  were  treated  in 
exactly  the  same  manner  as  the  previous  one.  In  six  hours  the 
reduction  was  almost  completed,  but  only  2440  c  c.  of  hydrogen  had 
been  absorbed.  The  product  was  treated  as  before  ;  the  following 
fractions  were  obtained:  1,0—170°;  II,  100— 160°/30  mm.  ;  III, 
200 — 300°/30  mm.  The  first  fraction  consisted  of  1 — 2  grams  of 
0  xylene  and  was  identified  by  means  of  qualitative  tests.  The  boiling 
point  of  fraction  I£  was  135°  at  30  mm.,  and  this  was  found  to  be 
o-xylyl  alcohol.  Yield  6  grams.  Ill  weighed  10  grams,  and  was  by 
fnr  the  largest  portion.  On  standing  it  deposited  5  grams  of  a 
white,  crystalline  substance.  This  was  crystallised  from  a  mixture  of 
benzene  and  light  petroleum  and  a  product  obtained  melting  at 
173  — 176°.  It  probably  still  contained  traces  of  impurities,  but  the 
amount  was  too  small  to  perform  further  experiments.  The  mother 
liquors  were  concentrated  and  a  benzene  solution  was  treated  with 
phosphorus  pentabromide.  Dense  clouds  of  hydrogen  bromide  were 
liberated  and  a  cryst^illine  product  was  obtained  from  the  benzene 
solution.  The  crystalline  solid  was  readily  soluble  in  benzene,  but 
dissolved  with  difficulty  in  light  petroleum  and  alcohol.  From  the 
latter  solvent  it  was  obtained  in  small  needles  melting  at  173 — 174*^ 
On  analysis  : 

0-2040  gave  0-2040  AgBr.     Br  =  43-3 1 . 

CjgHjgBrg  requires  Br  =  43-47  per  cent. 

This  substance  was  dimethylstilbene  dibromide,  having  the  constitu- 
Me  Me 

tion  <^       ^CHBr'CHBr^^       \,    and    the    parent    compound    was    a 

mixture  of  isomeric  hydrotoluoins.  The  non-crystalline  residue 
obtained  from  III  was  dissolved  in  chloroform  and  treated  with 
bromine,  which  it  absorbed  very  readily,  but  shortly  liberated  dense 
clouds  of  hydrogen  bromide.  The  solution  was  allowed  to  evaporate, 
but  did  not  deposit  any  crystals.  It  was  therefore  dissolved  in  light 
petroleum  and  allowed  to  stand  for  a  few  days,  when  a  crystalline 
product  was  deposited.  After  recrystallisation  from  alcohol,  this  was 
identified  as  dimethylstilbene  dibromide,  melting  at  173 — 174°.     The 
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parent  substance  Avas  o-dimethylstilbene.  The  remaining  substance 
was  resinous  and  could  not  be  identified.  In  the  above  experiment 
the  temperature  was  allowed  to  rise  to  20'',  which  accounts  for  the 
small  yield  of  o-toluyl  alcohol. 

2  :  ^-Dimethylhenzaldehyde. — Twenty  grams  of  this  substance  were 
treated  at  13°  in  exactly  the  same  manner  as  the  previous  aldehyde. 
The  product  was  fractionated  under  reduced  pressure  and  at  30  mm. 
the  following  portions  were  obtained:  I,  0—140°;  II,  140—200°; 
III,  250 — 270°.  Fraction  T  consisted  of  i/^-cumene  and  was  identified 
by  qualitative  test.  Yield  1 — 2  grams.  Fraction  II  constituted  the 
bulk  of  the  product  and  was  i/^-cumyl  alcohol,  b.  p.  232°.  Yield 
14_15  grams.  The  fraction  distilling  at  250—270°  did  not  solidify 
on  standing.  It  was  dissolved  in  chloroform  and  treated  with  bromine 
as  in  the  previous  cases.  The  reaction  mixture  did  not  crystallise  on 
evaporation,  and  was  therefore  dissolved  in  light  petroleum  and  allowed 
to  stand  for  some  days.  At  the  end  of  this  time  crystals  had  separated, 
which  were  washed  with  light  petroleum  and  finally  recrystallised  from 
alcohol.  The  product  melted  at  177 — -178°  and  was  identical  with 
tetramethylstilbene  dibromide  previously  obtained.  The  quantity 
obtained  corresponded  to  0-5  gram  of  tetramethylstilbene,  but  the 
whole  mass  contained  so  much  resinous  matter  that  accurate  determina- 
tions could  not  be  made. 

3  :  ^-Dimethylbenzaldehyde. — Twenty  grams  of  this  substance  were 
treated  as  in  the  previous  case.  After  passing  a  current  of  4  amperes 
through  the  mixtvire  for  four  to  five  hours  only  half  the  amount  of 
hydrogen  necessary  for  the  conversion  of  the  aldehyde  into  the 
alcohol  had  been  absorbed.  The  reaction  was  not  complete  and 
proceeded  slowly  for  three  to  four  hours  more.  The  temperature  was 
15°  during  the  whole  experiment.  The  product  was  fractionated 
under  a  pressure  of  30  mm.  and  the  following  portions  were  obtained  : 
I^  0—140°;  II,  140—200°;  III,  250—270°.  Fraction  I  consisted 
chiefly  of  mesitylene  and  was  identified  by  the  usual  qualitative  tests. 
Yield  1 — 2  grams.  II  constituted  the  bulk  of  the  product  and  was 
mesityl  alcohol  b.  p.  220°.  Yield  14 — 15  grams.  Fraction  III 
weighed  4  grams  and  on  standing  solidified  partly.  This  portion  was 
removed  from  the  resinous  matter  by  washing  with  light  petroleum 
and  was  crystallised  from  a  mixture  of  benzene  and  light  petroleum. 
Yield  1  gram.  The  final  product  melted  at  147 — 148°,  and  was 
probably  isohydroxyloin,  having  the  constitution, 

Me  Me 


>CH(OH)-CH(OH)< 

Me  Me 

This    was  treated    with  phosphorus  pentabromide,    and  tetramethyl- 
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stilbene  dibromide,  was  obtained,  melting  at  235°.  This  proves  con- 
clusively the  correctness  of  the  above  view.  The  resin  was  treated 
with  bromine  and  the  product  allowed  to  evaporate  to  dryness.  The 
sticky  mass  was  dissolved  in  light  petroleum  and  allowed  to  stand.  In 
this  manner  crystals  were  obtained  which  on  purification  melted  at 
235°  and  were  identified  with  teti^amethylstilbene  dibromide.  The 
amount  obtained  corresponded  to  I'O — 1-5  grams  of  tetramethyl- 
stilbene,  the  latter  not  being  isolated  in  a  pure  state. 

Salicylaldehyde,  Piperonaldehyde  and  Vanillin. — These  substances  all 
resinified  on  electrolysis.  The  product  obtained  from  salicylaldehyde 
resembled  in  appearance  and  fracture  ordinary  resin.  None  of  these 
resins  could  be  distilled,  even  under  reduced  pressure,  owing  to 
abnormal  frothing. 

Anisaldehyde. — Twenty  grams  of  this  substance  were  dissolved  in  a 
mixture  of  200  c.c.  of  alcohol,  100  c.c,  of  water,  and  the  required 
amount  of  sulphuric  acid.  A  current  of  4  amperes  was  employed 
and  the  temperature  kept  below  14°.  At  the  end  of  five  hours 
sufficient  hydrogen  had  been  absorbed  to  convert  the  whole  into  anisic 
alcohol.  The  product  was  recovered  as  before  and  finally  allowed  to 
stand  in  a  vacuum  desiccator  for  some  days,  when  crystals  separated 
which  were  collected.  The  residue  was  fractionated  under  reduced 
pressure.  The  bulk  of  the  product  distilled  at  120 — 200°  at  30  mm. 
pressure,  but  a  substance  was  obtained  between  250°  and  260°  at 
30  mm.  pressure  which  solidified  in  the  receiver.  This  was  added  to 
the  first  crystalline  product,  the  total  weight  being  2 — 3  grams.  This 
substance  was  almost  insoluble  in  the  alcohols,  but  dissolved  slightly 
in  ethyl  acetate  or  hot  benzene.  On  crystallisation  from  the  latter 
it  melted  at  213—214°,     On  analysis  : 

0-1245  gave  03641  COg  and  0-0737  Hp ;  C  =  79-76  ;  H  =  6-57. 
C^gH^gO^  requires  C  =  80-00  ;  H  =  6-67  per  cent. 

This  substance  was  dimethoxystilhene, 

MeO<^     ^CH:CH<^     ^OMe. 

It  readily  decolorised  a  chloroform  solution  of  bromine  and  formed 
a  substance  almost  insoluble  in  all  the  ordinary  organic  solvents. 
From  a  large  excess  of  xylene  it  was  obtained  in  colourless  needles  or 
small  plates  melting  at  180°  with  decomposition.  The  analysis  gave 
the  following  result : 

0-2121  gave  0-2018  AgBr.    Br=  40-45, 

CjgHjgO^Brg  requires  Br  =  40-00  per  cent. 

This  was  dimetlioxystilbene  dibromide.  The  fraction  boiling  at 
1  20^ — 200°  was  redistilled  and  identified  as  anisic  alcohol,  boiling  at 
259°/760   mm.      Yield    14 — 15   grams.     From  the    lowest    fraction 
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anisole  was  isolated  as  in  the  previous  cases.  Yield  1  gram.  The 
small  residue  of  the  mixed  hydroanisoins  was  not  investigated  further. 
At  higher  temperatures  a  good  yield  of  mixed  hydroanisoins  was 
obtained ;  these  have  been  investigated  previously  [loc.  cit.). 

Cuminaldehi/de. — Twenty-five  grams  of  this  substance  were  dissolved 
in  200  c.c.  of  alcohol  and  100  c.c.  of  water  and  sulphuric  acid,  and 
subjected  to  the  reducing  action  of  the  current  for  six  hours  at  20°. 
At  the  end  of  this  time  sufficient  hydrogen  had  been  absorbed  to 
convert  the  aldehyde  into  the  alcohol.  The  product  was  treated  as  in 
the  previous  case.  The  following  fractions  were  collected  :  I,  0 — 120"; 
II,  155 — 175°;  III,  240 — 265°,  in  each  case  the  pressure  being 
35  mm.  I  was  washed  with  water  and  refractionated.  The  product 
had  the  characteristic  sweet  odour  of  cyraene  and  boiled  at  175°. 
Yield  3  grams.  II,  on  being  distilled  at  the  ordinary  pressure,  boiled 
chiefly  at  246°,  and  was  cuminyl  alcohol.  Yield  13 — 15  grams. 
Fiaction  III  solidified  on  standing  in  the  receiver  and  was  washed 
with  alcohol,  from  which  it  was  finally  crystallised.  This  substance 
forms  large  plates  melting  at  131 — 132°,  sparingly  soluble  in  the 
alcohols  but  more  readily  so  in  chloroform  or  the  aromatic  hydrocarbons. 
On  analysis  : 

0-1120  gave  0-3730  CO2  and  0-0963  H2O.     C  =  90-83;  H  =  9-55. 
C,oH2^  requires  0  =  90-91  ;    H  =  9  09  per  cent. 

This  substance  is  diisopropi/lstilbene,  having  the  constitution 

O3H7/   ^oh:ch/^    /C3H7. 

It  absorbs  bromine  rapidly  from  chloroform  solution,  and  in  evapora- 
tion leaves  a  deposit  almost  insoluble  in  the  alcohols,  sparingly  soluble 
in  chloroform  and  readily  so  in  the  hot  aromatic  hydrocarbons.  It 
crystallises  from  benzene  in  needles  or  small  plates  melting  at 
213 — 214°  with  decomposition.     On  analysis  : 

0-2300  gave  02020  AgBr.     Br  =  37-37. 

CopHojErg  requires  Br  =  37*73  per  cent. 

The  substance  is  diisojyropylstilbene  dibromide.  The  yield  of  parent 
substance  was  2  grams,  but  more  remained  in  a  form  which  would  not 
crystallise.  The  hydi-ocuminoins  present  were  not  isolated.  An 
increase  of  temperature  had  exactly  the  same  effect  as  in  the  previous 
cases. 

In  conclusion  I  wish  to  express  my  thanks  to  the  Government 
Grant  Committee  of  the  Royal  Society  for  partly  defraying  the 
expenses  of  this  research. 

BopouGH  Polytechnic,  S.E. 
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LXX. — The  Estimation  of  Small  Quantities  of  Nitrogen 

Peroxide. 

By  Robert  Robertson,  M.A.,  D.Sc,  and  Sidney  Scrivener  Napper. 

The  following  method  was  worked  out  primarily  for  the  purpose  of 
following  the  evolution  of  nitrogen  peroxide  in  the  decomposition  of 
explosives,  but  is  equally  applicable  to  other  gaseous  mixtures  where 
this  gas  is  present  in  small  proportions. 

It  is  based  upon  the  characteristic  absorption  spectrum  of  nitrogen 
peroxide,  which  consists  of  a  large  number  of  fine  dark  lines 
extending  throughout  the  visible  spectrum  and  a  general  absorption 
strongest  in  the  violet  and  diminishing  gradually  as  it  approaches  the 
red  end. 

It  was  found  that  the  lines  could  be  distinguished  in  very  dilute 
mixtures  of  nitrogen  peroxide  and  carbon  dioxide  or  air,  a  few  of  the 
more  prominent  groups  of  lines  being  still  visible  at  a  concentration  as 
low  as  0'05  per  cent,  of  nitrogen  peroxide.  As  the  proportion  of 
nitrogen  peroxide  was  raised  the  lines  increased  in  intensity  and 
number,  and  in  mixtures  approaching  1  per  cent,  the  violet  end  of  the 
spectrum  was  completely  absorbed.  These  differences  were  sufficiently 
well  marked  to  enable  one  to  estimate  the  concentration  by  comparison 
with  standard  mixtures  to  within  0"02  per  cent,  in  the  case  of  the 
more  dilute  mixtures  and  005  per  cent,  in  the  case  of  the  stronger 
ones. 

For  the  sake  of  convenience,  greater  accuracy  and  the  elimination 
of  the  personal  equation  as  far  as  possible,  it  was  decided  to  make  photo- 
graphic records  in  cases  where  quantitative  results  were  desired. 
For  this  purpose  a  series  of  standard  photographs  covering  a  range 
of  concentration  of  nitrogen  peroxide  from  0'5  to  1  per  cent,  was 
prepared. 

Preparation  of  Standard  Photographs. — The  spectroscope  was  a 
Hilger  No.  1  table  spectroscope  with  a  single  dense  flint  glass  prism. 
It  was  provided  with  a  camera  attachment,  which  allowed  seven 
photographs  to  be  taken  on  a  3|"  by  2^"  plate.  The  Ilford  chromatic 
plate  was  found  most  suitable  on  account  of  its  fine  grain,  freedom 
from  fog,  and  the  convenience  of  being  able  to  use  a  fairly  bright  dark- 
rooin  light. 

A  Welsbach  incandescent  mantle  was  used  as  the  source  of  light. 

The  vessel  for  containing  the  gas  under  observation  was  a  straight 
glass  tube  40  cm.  long  with  side  tubes  provided  with  stopcocks.  The 
ends   were  closed  by  glass  discs,  attached  by  means   of   a   cement. 
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Owing  to  the  small  volume  of  the  tube  and  the  low  concentration  of 
the  nitrogen  peroxide  it  was  found  necessary  to  make  the  mixture  in  a 
large  vessel  and  then  to  fill  the  observation  tube.  Small  glass  bulbs 
of  capacity  from  0"5  to  12  c.c.  with  two  capillary  ends  were  filled  with 
nitrogen  peroxide  at  atmospheric  pressure  from  a  U-tube,  in  which  it 
had  previously  been  liquefied.  In  some  cases  the  capillary  tubes  were 
quickly  sealed  with  a  small  blow-pipe  flame,  and  in  others  simply  closed 
by  holding  the  bulb  by  the  tubes  between  the  fingers  before  dropping 
it  into  the  large  cylinder  which  had  been  filled  with  dry  carbon  dioxide. 
The  bulb  was  then  broken  by  shaking  the  cylinder,  and  wjien 
diffusion  was  complete  from  one-third  to  one-half  of  the  gas  was 
aspirated  through  the  observation  tube  (Fig.  1).  A  small  trap 
containing  glass  beads  was  interposed  to    prevent    pieces  of    broken 


Fig.  1. 


V^buraJir 


Apparatus  for  preparing  slandard  inixtures  of  CO2  ami  NO.j. 

glass  from  the  bulb  being  carried  over  and  deposited  on  the  flat  ends 
of  the  tube,  where  they  were  found  to  interfere  with  the  passage  of 
light.  The  stopcocks  were  then  closed  and  the  absorption  spectrum 
of  the  gas  was  photographed. 

The  direct  light  from  the  mantle  was  shielded  by  a  screen  of  thin 
sheet  copper  with  a  circular  aperture  which  allowed  the  light  to  pass 
through  the  tube  to  the  spectroscope. 

The  source  of  light  and  the  slit  of  the  spectroscope  were  15  cm.  and 
1  cm.  distant  from  their  respective  ends  of  the  tube.  The  slit  was 
closed  down  to  0*05  mm.,  and  under  these  conditions  an  exposure  of 
forty  seconds  was  suflicient,  although  as  a  rule  several  different 
exposures  were  given  to  allow  for  slight  variations  in  the  negatives 
with  which  the  standards  were  to  be  compared. 

The  plates  were  developed  in  the  Ilford  pyro-soda  developer,  using 
the  full  quantity  of  pyrogallic  acid  but  no  potassium  bromide. 
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The  composition  of  the  gaseous  mixtures  used  in  the  preparation  of 
the  standard  photographs  was  calculated  on  the  assumption  that  the 
nitrogen  peroxide  would  be  dissociated  into  NOg  at  the  degree  of 
dilution  used  in  these  experiments.  The  gas  was  measured  at  27°,  and 
its  composition  was  taken  to  be  80  per  cent,  of  N2O4  and  20  per  cent, 
of  NO2  (Deville  and  Troost,  Jahresb.,  1867,  177). 

Photographs  were  taken  of  the  mixtures  of  nitrogen  peroxide 
and  carbon  dioxide  referred  to  on  p,  761,  and  these  photographs  are 
reproduced  in  Fig.  2  (see  plate  facing  p,  775). 

Application  to  the  Estimation  of  Traces  of  Nitrogen  Peroxide  in  Air. 
— In  studying  the  effect  of    water  vapour  on  nitrogen  peroxide  in 


Fig.  3. 


-tNd 
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connexion  with  the  decomposition  of  explosiv-es,  an  apparatus  was 
devised  for  the  production  of  mixtui^es  of  two  gases  in  definite 
proportions,  which  were  then  passed  through  a  tube  and  examined 
with  the  spectroscope.  Advantage  was  taken  of  this  to  prepare  a 
series  of  mixtures  of  air  with  small  quantities  of  nitrogen  peroxide. 
The  apparatus  used  for  this  purpose  is  shown  in  Fig.  3. 

A  slow  steady  current  of  nitrogen  dioxide  was  obtained  by  dropping 
a  very  fine  stream  of  mercury  into  the  compensating  tube  of  a  gas 
burette  connected  to  a  capillary  tube.  This  slow  current  of  nitrogen 
dioxide  was  blown  through  the  capillary  tube  into  a  comparatively 
faster  stream  of  dry  air,  the  rate  of  which  had  been  measured  by 
passing  it  through  two  gas  washing    bulbs   of    sulphuric   acid.     The 


764      ROBERTSON    AND    NAPPEU  :   THE    EVOLUTION    OF    NITROGEN 

nitrogen  dioxide  became  oxidised  to  nitrogen  peroxide  on  coming  in 
contact  with  the  air,  and  the  absorption  spectra  of  the  mixtures  were 
photographed,  the  proportion  of  nitrogen  dioxide  present  being 
estimated  by  comparison  with  the  set  of  standard  photographs  of 
absorption  spectra  of  nitrogen  peroxide  in  carbon  dioxide. 


Concentration 

by  comparison 

Concentration 

ot  photographs 

Rate  of 

Rate  of 

of  NOo  in 

with  standard 

NO  c.c. 

air  CO. 

air,  calculated 

photographs 

Experiment. 

per  hovir. 

per  hour. 

from  NO  used. 

ot  NO.j  in  COj. 

1 

3-00 

1970 

0-0015 

0-0013 

2 

2-40 

1020 

0-0023 

0-0020 

3 

2-40 

690 

0-0034 

0-0027 

4 

5-40 

1020 

0-0052 

0-0045 

5 

4-80 

410 

0-0114 

0  0095 

The  results  given  in  the  preceding  table  show  that  the  concentra- 
tions found  by  the  method  de.scribed  in  the  present  paper  agree  very 
fairly  with  those  actually  present. 

It  will  be  observed  that  the  concentration  of  nitrogen  peroxide  as 
arrived  at  from  the  spectroscopic  comparison  is  slightly  lower  in  all 
cases  than  that  calculated  from  the  proportion  of  nitrogen  dioxide 
used.  This  is  possibly  due  to  the  fact  that  a  distinct  interval  of  t  me 
in  seconds  is  required  for  the  formation  of  nitrogen  peroxide  in  this 
manner,  as  is  shown  h y  Kasch] g  (Zeitsck.  angew.  Chem.,  1905,  18,  1281) 
and  Lunge  (ibid.,  1906,  19,  861). 

An  extended  trial  of  the  method  has  proved  it  to  be  trustworthy  and 
capable  of  employment  in  practically  all  cases  where  nitrogen  peroxide 
is  present  in  small  quantity,  and  it  has  been  successfully  used  in  the 
investigation  of  the  gaseous  products  of  decomposition  of  explosives. 

Royal  Gunpowder  Factory, 
"Waltham  Abbey. 


LXXL — The    Evolution   of   Nitrogen   Peroxide   in    the 

Decomposition  of  Guncotton. 
By  Robert  Robertson,  M.A.,  D.Sc,  and  Sidney  Scrivenkr  Napper. 

Introduction. 

In  studying  the  nature  of  the  gaseous  products  evolved  during  the 
decomposition  of  explosives,  the  quantitative  determination  of  the 
nitrogen  peroxide  present  is  of  great  importance. 
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The  presence  of  this  gas  is  indicated  both  by  the  reactions  of  the 
so  called  "trace  methods"  such  as  the  Abel  heat  test,  the  diphenyl- 
amine  test  of  Guttmann  and  Hoitsema  and  the  m-phenylenediamine 
test  of  Spica,  and  by  the  observation  of  red  fumes  in  some  well-known 
tests,  for  example,  those  of  Simon  Thomas  (Zeifsch.  angew.  Ghem., 
1898,  1027)  and  of  Sy  (J".  Amer.  Chem.  Soc,  1903,  25,  549),  &c. 

In  none  of  these  tests  is  a  quantitative  estimation  made  of  the 
nitrogen  peroxide  present,  and  in  a  few  cases  where  there  has  been  an 
attempt  to  estimate  the  extent  to  which  this  gas  exists,  the  statements 
made  are  unsatisfactory. 

Thus,  Hoitsema  [Zeitsch.  phys'ikal.  Chem.,  1898,  27,  567),  in  an  in- 
vestigation on  the  products  of  decomposition  of  guncotton  in  a  vacuum, 
collected  the  substance  formed  by  the  interaction  of  oxides  of  nitrogen 
and  the  mercury  of  the  pump  and  calculated  a  figure  for  nitrogen 
peroxide  from  the  reducing  action  of  this  substance  on  permanganate 
solution. 

Again,  Will  in  his  "  Untersuchungen  liber  die  Stabilitat  von 
Nitrocellulose,"  Zweite  Mitteilung,  p.  31,  concludes  that  under  the 
conditions  of  his  test  nitrogen  dioxide  is  essentially  the  only  volatile 
nitrogenous  product  of  decomposition.  It  will  be  shown  below  that 
this  is  so  far  from  being  the  case  that,  of  the  total  nitrogen  evolved 
during  the  performance  of  his  test,  a  proportion  of  from  30  to  50  per 
cent,  exists  in  the  condition  of  nitrogen  peroxide. 

Further,  in  the  results  of  the  decomposition  of  nitrocellulose  in  a 
vacuum,  given  in  the  Report  of  the  Chief  of  the  Bureau  of  Ordnance 
(U.S.A.)  for  1902,  no  mention  is  made  of  the  presence  of  nitrogen 
peroxide. 

To  give  still  another  example,  in  the  analysis  of  the  gases  given  off 
at  135^  by  nitrocellulose,  A.  V.  Saposchnikoff  and  M.  Borisoff  state 
that  nitrogen  peroxide  is  evolved  at  the  beginning  of  the  reaction,  but 
no  figure  showing  the  quantity  present  is  given  [J.  Russ.  Phys.  Chem. 
Soc,  1904,  36,  836  ;  Ahstr.,  1904,  i,  799). 

As  the  quantity  of  nitrogen  pei'oxide  set  free  when  the  explosive  is 
heated  has  an  important  bearing  on  the  question  of  the  stability  of  the 
material,  the  present  investigation  was  undertaken  to  determine  to 
what  extent  and  under  what  conditions  nitrogen  peroxide  is  evolved 
during  the  decomposition  of  guncotton. 

Experimental. 

I.  Method. — The  method  employed  was  that  described  by  the  authors 
in  the  preceding  paper.  This  specti'oscopic  method  was  found  to  be 
specially  suited  to  the  estimation  of  traces  of  this  gas  in  the  gases 
evolved    from    decomposing    guncotton.     The    estimation   of  the  con- 
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centration  of  nitrogen  peroxide  is  obtained  by  comparison  of  a  photo- 
graphic negative  of  the  absorption  spectrum  of  the  gaseous  mixture  in 
question  with  a  negative  of  a  standard  mixture  of  nitrogen  peroxide. 
The  concenti'ation  being  thus  obtained,  the  weight  of  nitrogen  existing 
in  this  form  in  the  mixture  can  be  calculated. 

II.  Preliminary  JL'xperimetits  on  the  Action  of  Water  on  Nitrogen 
Pe7'0xide. — The  reaction  of  liquid  and  gaseous  water  with  nitrogen 
peroxide  is  of  special  importance  when  the  water  which  is  produced  as 
a  normal  decomposition  product  of  the  guncotton  is  not  continuously 
removed  from  contact  with  the  explosive.  By  the  action  of  water  in 
the  liquid  phase  on  nitrogen  peroxide,  nitrous  and  nitric  acids  are 
produced,  and  the  conditions  under  which  this  takes  place  have  been 
i-ecently  investigated  by  Lunge  {Chem.  Zeit.,  1904,  28,  1243). 

Some  experiments  were  performed  on  the  action  of  water,  both 
liquid  and  in  the  state  of  vapour,  on  nitrogen  peroxide  under  conditions 

Fig.   1. 
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Apparatus  for  admitting  liquid  water  to  NOo  gas. 

similar  to  those  which  occur  in  the  experiments  with  guncotton 
described  in  this  paper. 

(a)  Effect  of  Water  in  Liquid  Phase  on  Nitrogen  Peroxide  Existing  in 
Small  Concentration. — An  observation  tube  of  100  c.c.  capacity  was 
connected,  on  the  one  hand,  to  a  vessel  containing  nitrogen  peroxide 
and,  on  the  other,  to  a  nai'row  graduated  tube  fused  on  to  a  stop-cock^ 
as  in  Fig.  1. 

In  one  experiment,  sufficient  nitrogen  peroxide  was  admitted  to  the 
evacuated  observation  tube  to  give  a  spectrum  corresponding  to 
0"25  per  cent,  of  nitrogen  peroxide,  and  in  another  experiment  to 
0-5  per  cent.  O'l  c.c.  of  water  was  admitted  in  the  first  case  and 
O'Ol  c.c.  in  the  second.  The  water  was  vaporised  by  gentle  heat,  after 
which  it  was  deposited  as  dew.  In  the  first  instance,  the  spectrum  of 
nitrogen  peroxide  disappeared  very  quickly,  and  in  the  second  it 
gradually  faded  away,  only  a  trace  of  nitrogen  peroxide  beiug  observed 
after  an  hour. 
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^h'e  pi'esence  of  traces  of  liquid  water  therefore  causes  the  absorption 
Spectrum  of  nitrogen  peroxide  to  vanish  when  it  exists  in  low  con- 
centration. 

(b)  Effect  of  Water  Vapour  on  Nitrogen  Peroxide. — Since  it  was  not 
possible  to  study  the  influence  of  very  small  quantities  of  water  by  the 
method  just  described,  another  apparatus  was  devised  (Fig.  2),  in  which 
air,  saturated  with  water  vapour  at  different  temperatures,  was  mixed 
with    nitrogen    dioxide,    thus    forming    mixtures    with    varying    pro- 

FiG.  2. 
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Apparatus  for  determining  effect  of  toaicr  vapour  on  NO,. 


portions  of  water  vapour  according  to  the  temperature  of   saturation 
of  the  air. 

The  current  of  air  Avas  obtained  from  a  reservoir,  and  was  measured 
by  observing  the  number  of  bubbles  per  minute  passing  through  a 
sulphuric  acid  drying  apparatus.  By  means  of  a  three-way  cock  the 
air  could  be  sent  either  through  the  glass  bulbs  containing  water  to 
saturate  it  with  aqueous  vapour,  or  through  a  by-pass  tube  to  the 
apparatus  in  which  it  was  mixed  with  nitrogen  dioxide.  The  nitrogen 
dioxide  was  generated  in  the  large  nitrometer  from  sodium  nitrate  in 
the  presence  of  sulphuiic  acid  and  mercury,  and  from  this  was  passed 
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into  the  measuring  tube.  This  consisted  of  a  small,  finely-graduated 
nitrometer  with  a  T-piece  fused  on  to  one  of  the  branches  of  the  three- 
way  cock  at  the  top.  One  of  the  horizontal  branches  of  the  T  was 
drawn  out  to  a  capillary,  and  the  other  was  furnished  with  a  stop-cock. 
The  air  was  driven  out  from  the  branches  of  the  T-piece  by  nitrogen 
dioxide  from  the  large  nitrometer,  and  then  the  graduated  tube 
of  the  measuring  apparatus  was  filled  with  the  gas. 

In  order  to  obtain  a  regular  and  slow  current  of  nitrogen  dioxide 
the  level  of  mercury  in  the  compensating  tube  of  the  small  nitrometer 
was  gradually  raised  by  allowing  a  very  fine  stream  of  mercury  to  flow 
into  it  from  a  capillary  tube  attached  to  a  reservoir  of  mercury  with 
an  arrangement  for  keeping  a  constant  head.  The  diameter  of  the 
compensating  tube  of  the  nitrometer  was  3  cm.,  and  the  capillary 
allowed  about  25  c.c.  of  mercury  to  drop  per  hour,  and  this  delivered 
2'1  cc.  of  nitrogen  dioxide  per  hour. 

The  nitrogen  dioxide  was  injected  into  the  air  stream  by  the  capillary 
tube,  and  the  mixture  was  then  passed  through  a  glass  spiral  in  an  oil 
bath  heated  to  ISO'^,  in  order  to  realise  the  conditions  of  the  experiments 
on  nitrocelkilose  as  far  as  possible.  The  gas,  after  leaving  the  spiral, 
was  passed  through  the  observation  tube,  and  photographs  were  taken 
of  the  absorption  spectrum  of  the  nitrogen  peroxide  formed. 

As  a  control  experiment,  the  first  photograph  was  taken  of  the 
spectrum  of  a  mixture  of  nitrogen  dioxide  and  dry  air.  The  influence 
of  diii'erent  quantities  of  water  vapour  was  then  studied  by  varying 
the  temperature  at  which  the  air  was  saturated. 

In  the  last  two  experiments  the  air  was  saturated  at  40°  to  obtain  as 
great  an  effect  as  possible,  but  owing  to  the  temperature  of  the  sur- 
rounding air  being  17'5°  some  of  the  water  was  deposited  before  the 
stream  of  moist  air  reached  the  nitrogen  dioxide.  The  results  are 
shown  in  the  following  table  : 

Table  I. 


Rate  of 

c.c. 

per 

'  hour. 

Temp. 

of  Molecular 

tion  calcu- 

Concentration 

NO  c.c. 

^ 

_A- 

satura 

-    proportion 

lated  from 

calculated 

Expt. 

per  hour. 

Dry. 

Wet. 

tiou. 

HoO:NOo. 

NO  used. 

from  photos. 

1 

•2-40 

102S 

— 

Dry 

— 

0-0023 

0-0017 

2 

1-80 

1018 

1045 

11"= 

8-1 

0-0017 

0'0015 

3 

2-04 

1018 

1045 

11 

7-1 

0-0020 

0-0017 

4 

2-04 

1018 

1060 

40 

10-1 

0-0019 

0-0017 

5 

1-56 

1018 

1060 

40 

13-1 

0-0015 

0-0014 

Another  series  with  a  slightly  higher  proportion  of  nitrogen  dioxide 
gave  similar  results.  These  experiments  show  that  at  low  concentra- 
tions nitrogen  peroxide  is  not  acted  on  by  water  in  the  form  of  vapour, 
and,  consequently,  the  figures  obtained  in  the  study  of  the  decomposi- 
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tion  of  nitrocellulose  may  be  taken  as  representing  the  amount  of 
nitrogen  peroxide  which  is  actually  produced  under  the  various 
conditions  of  experiment. 

III.  Material  Used  for  Experiments  on  Guncolton. — The  results  given 
in  this  paper  are,  for  the  most  part,  obtained  from  stable  guncottons.  In 
each  of  the  applications  of  the  method  to  the  decomposition  of  guncotton 
in  the  various  ways  to  be  described,  a  large  number  of  experiments  were 
performed,  but  for  the  sake  of  clearness  and  comparison  the  behaviour 
of  two  representative  guncottons,  called  Guncotton  No.  1  and  Gun- 
cotton  No.  2,  will  be  described. 

These  guncottons  were  in  the  pulped  condition  and  had  a  nitrogen 
content  of  13  per  cent,  and  a  solubility  in  ether-alcohol  of  10  per  cent. 
That  they  are  stable  specimens  of  guncotton  will  be  seen  from  the 
results  of  the  following  tests  to  which  they  were  subjected  : 


Table  II. 


Abel  heat  test  at  76"6°.. 

Will  test  at  135°  ISI  per  2"5  grains  gun- 
cotton  in  4  hours    

Fume  test  at  135° Faint  red  fumes  at     

Zcitsdi.  angciu.  Chc7ii., 
1905,  982,  1018,  and 
1074)— c.c.     NO      per 

1  gram  guncotton  per 

2  hours     


Bergmann  and  Junk's  test 


Guncotton 

No.  1. 

14' 

67  mg. 
60  mins. 


1-30  c.c. 


Guncotton 

No.  2. 

18' 

6-8  mg. 
60  mins. 


1-20  c.c. 


The  "  trace  "  tests  are  those  given  by  well-purified  guncotton,  and 
the  tests  made  at  a  temperature  involving  a  further  decomposition  also 
show  that  the  materials  are  stable  and  disengage  the  minimum  of 
nitrogen  under  the  respective  conditions  of  test. 

IV.  Ajyplication  to  Decomposition  of  Guncotton, — 

(a)  In  a  Vacuum. — Several  forms  of  apparatus  were  used  in  these 
experiments,  the  first  pattern,  which  is  shown  in  Fig.  3,  consisting  of — 
(1)  A  decomposition  tube  with  mercury-sealed  joint,  the  tube  being  kept 
at  the  desired  temperature  by  immersion  in  an  oil-bath  of  the  Victor 
Meyer  type  kept  at  constant  temperature ;  (2)  an  observation  tube 
40  cm.  long,  for  the  observation  of  the  absorption  spectrum  of  nitrogen 
peroxide,  the  source  of  light  being  an  incandescent  Welsbach  mantle 
and  the  instrument  a  Hilger  No.  1  table  spectroscope  with  a  single 
dense  flint  prism  and  fitted  with  a  camera ;  (3)  a  Tbpler  vacuum 
pump ;  and  (4)  a  manometer  for  registering  pressure. 

The  second  pattern  is  shown  in  Fig.  4.  The  apparatus  differs  in  the 
following  I'espects ;  (1)  the  decomposition  tube  is  of  greater  volume, 
and  the  observation  tube  wider  than  in  Fig.  3,  and  (2)  an  arrange- 
ment is  made  for  filling  the  apparatus  with  carbon  dioxide  and  for 
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sweeping  out  the  decomposition  products  of  the  guncotton  by  means  of 
this  gas.  The  decomposition  products  are  then  led  over  ignited  copper 
asbestos  and  copper  oxide  asbestos,  and  the  nitrogen  is  measured  in  a 
gas-burette  over  caustic  potash  which  absorbs  the  excess  of  carbon 
dioxide. 

The  small  diagram  on  the  left-hand  side  of  Fig.  4  shows  a  third 
pattern  of  decomposition  tube  from  which  the  products  of  decomposi- 
tion can  be  completely  removed  by  a  stream  of  carbon  dioxide  passing 
through  a  tube  which  reaches  nearly  to  the  bottom  of  the  vessel. 

Glass  cocks  with  mercury 
seals  were  used  throughout  the 
apparatus,  which  was  exhausted 
until  no  bubble  of  gas  was  col- 
lected by  the  Topler  pump,  and 
which  was  frequently  tested  for 
air  by  the  introduction  of 
nitrogen  dioxide,  when  no  trace 
of  nitrogen  peroxide  could  be 
detected  by  the  spectroscope. 

Process  I. — Two  grams  of 
well-dried  guncotton  are  intro- 
duced into  the  decomposition 
tube,  which  is  then  connected 
to  the  observation  tube  by 
means  of  a  mercury  joint,  the 
apparatus  is  evacuated  and  the 
decomposition  tube  containing 
the  guncotton  is  lowered  into 
the  bath  at  135°.  For  half  an 
hour  the  apparatus  is  kept  con- 
nected to  the  pump  and  evacu- 
ated continuously  to  abstract 
water  and  air  from  the  gun- 
cotton.  The  cock  to  the  pump 
is  then  closed,  and  the  fall  in 
pressure  is  observed,  whilst  photographs  of  the  absorption  spectrum  of 
the  nitrogen  peroxide  evolved  are  taken  at  intervals. 

Process  II. — When  the  total  nitrogen  evolved  is  estimated  in 
addition  to  the  nitrogen  as  nitrogen  peroxide,  the  procedure  is  as 
follows.  The  whole  apparatus  except  the  combustion  tube  is  thoroughly 
evacuated,  carbon  dioxide  is  admitted,  evacuated,  and  again  admitted 
and  evacuated;  the  guncotton  is  heated  in  the  bath  at  135°  for  ten 
minutes,  carbon  dioxide  is  admitted  and  passed  through  the  whole 
apparatus,    including  the  combustion  tube,   at  a  measured   rate  into 


Apparatus  for  observation  of  gases  evolved 
in  vacuo. 
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an  absorption  burette.  The  apparatus,  now  quite  free  from  air  and 
filled  with  carbon  dioxide,  is  shut  off  from  the  combustion  tube  and 
evacuated  ;  the  decomposition  tube  containing  the  guncotton  being 
now  surrounded  by  the  bath  at  135°,  after  half  an  hour  of  continuous 
evacuation  the  pump  is  shut  off,  and  the  actual  experiment  begins. 

At  intervals,  the  spectrum  of  nitrogen  peroxide  is  observed,  photo- 
graphs are  taken,  and  the  fall  in  the  level  of  the  mercury  in  the  mano- 
meter is  noted  every  quarter  of  an  hour  during  the  course  of  the 
experiment,  which  is  usually  continued  for  four  hours.  At  the  end  of 
the  experiment  the  gaseous  products  of  decomposition  are  swept  out 
of  the  apparatus  by  a  stream  of   cai'bon   dioxide  and   led  through  the 

Fig.  4, 


Apparatus  for  estimation  of  NOo  evolved  in  vacuo. 


combustion  tube,  after  which  the  gases,  now  consisting  of  carbon 
dioxide  and  nitrogen,  pass  into  the  absorption  burette  containing 
caustic  potash,  where  the  latter  is  measured,  a  small  correction  being 
made  for  the  unabsorbed  residue  in  the  carbon  dioxide  used. 

The  concentration  of  the  nitrogen  peroxide  was  obtained  by  direct 
comparison  with  the  standard  photographs  described  in  the  previous 
paper.  The  weight  of  nitrogen  peroxide  was  then  calculated  from  the 
concentration  and  the  volume  of  the  apparatus,  and  thus  the  weight  of 
nitrogen  existing  as  nitrogen  peroxide  was  arrived  at.  The  figures 
obtained  in  this  way  are  compared  in  Table  III  with  the  total  weight 
of  nitrogen  given  by  the  combustion  process  just  described  : 
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Table  III. 
Decomposition  of  gvncoUon  in  a  vacuum  at  135°. 

Nitrogen  evolved 
per  1  gram 
Apparatus  used.         jjcr  1  hour. 


Ratio 


Gun-  Volume  as  NOj  total  Ng  a^XOo 

Expt.    cotton.  Type.  c.c.  mg.  mg.  Total  Ng. 

1         No.  1.  As  in  Fig.  3.  45  0-01  —  — 

'2         No.  2.  ,,  61  0-05  —  — 

3  No.  1.  As  in  Fig.  4.  442  0-145  072  20  per  cent. 

(But  tulie  witii  deep 
deconip.  tube  of  3). 

4  No.  2.  ,,  442  0-15  0-64  23 

5  No.  1.  As  in  Fig.  4.  486  0-175  0-77  23 

6  No.  2.  „  486  0-21  0-85  24 

In  the  early  experiments  in  this  serie.s,  of  which  Nos.  1  and  2  of 
Table  III.  are  typical,  the  volume  of  the  apparatus  was  small  (Fig.  3), 
and  the  proportion  of  nitrogen  peroxide  ob.served  was  al.so  small  when 
reckoned  on  the  guncotton  pre.sent. 

An  examination  showed  that,  although  all  moisture  was  carefully 
removed  from  the  guncotton  during  its  treatment  immediately  pre- 
ceding the  commencement  of  the  experiment,  water  was  gradually 
deposited  during  the  experiment  on  the  walls  of  the  absorption  tube 
and  connexions.  The  effect  of  a  trace  of  water  in  the  liquid  phase  in 
removing  nitrogen  peroxide  from  a  gaseous  mixture  has  been  dealt 
with  above,  and  in  consequence  the  volume  of  the  apparatus  was 
increased  until  the  water- vapour  proceeding  from  the  normal  decom- 
position of  the  guncotton  was  retained  in  the  gaseous  state,  since 
it  has  been  shown  that  no  interaction  takes  place  under  these 
conditions. 

The  apparatus  in  Fitr.  4  was  devised  for  this  purpose,  and  in  this 
no  deposition  of  moisture  was  ever  observed  during  the  four  hours  of 
experiment ;  the  quantity  of  nitrogen  as  nitrogen  peroxide  was  found 
to  be  largely  increased,  and  in  this  series  of  experiments  the  total 
nitrogen  with  its  relation  to  the  nitrogen  evolved  as  nitrogen  pei-oxide 
was  also  determined. 

Since  by  this  modification  in  the  volume  of  the  apparatus  a  con- 
siderable increase  in  the  quantity  of  nitrogen  peroxide  was  obtained, 
numerous  experiments  were  made  with  the  object  of  obtaining  the 
maximum  proportion  of  nitrogen  existing  as  nitrogen  peroxide.  Thus 
attempts  were  made  to  reduce  the  reaction  of  the  nitrogen  peroxide 
which  went  on  to  a  very  slight  extent  with  the  mercury  of  the  mano- 
meter by  introducing  a  fine  capillary  and  a  stopcock  opened  only  at 
intervals    above   the  level    of  the   liquid ;  these  resulted  in   only  a 
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trifling  increase  in  the  proportion.  Another  method  employed  for  the 
same  end  was  to  use  a  decomposition  tube  in  which  the  guncotton  lay- 
in  a  shallow  layer  (Fig.  4),  thus  permitting  the  free  disengagement  of 
nitrogen  peroxide  without  passing  through  a  layer  of  heated  gun- 
cotton  as  in  Fig.  3.     The  advantage  gained  was,  however,  only  small. 

Under  the  conditions  of  this  experiment,  that  is,  in  a  vacuum  at  135^, 
guncotton  disengages  about  25  per  cent,  of  the  total  nitrogen  evolved 
in  the  form  of  nitrogen  peroxide.  The  rest  of  the  nitrogen  is  for  the 
most  part  present  as  nitrogen  dioxide. 

(b)  Decomposition  of  Guncotton  in  a  Stream  of  Carbon  Dioxide  ( Will 
Test). — This  test  (Will,  "  Untersuchungen  liber  die  Stabilitiit  von 
Nitrocellulose,"  Erste  und  Zweite  Mitteilungon)  has  been  in  constant 
use  at  Waltham  Abbey  for  some  considerable  time  and  has  been  found 
to  give  satisfactory  results  in  the  case  of  ungelatinised  nitrocellulose. 

The  method  of  working,  which  is  that  originally  proposed  by  Will 
with  a  few  modifications  (Robertson,  J.  Soc.  Chein.  Ind.,  1902,  21, 
819),  is  as  follows  : 

A  stream  of  specially  pure  carbon  dioxide  from  a  cylinder  of  the 
liquefied  gas  is  passed  at  the  rate  of  1  litre  per  hour  (controlled  by 
observing  the  number  of  bubbles  per  minute  in  a  small  gas  washing 
bulb  containing  sulphuric  acid)  through  2h  grams  of  nitrocellulose  in 
an  oil-bath  heated  to  135°. 

The  current  of  carbon  dioxide  containing  the  gases  produced  by  the 
decomposition  of  the  niti-ocellulose  is  passed  through  a  copper  com- 
bustion tube  which  is  provided  with  two  spirals  of  reduced  copper 
gauze  and  layers  of  Kreusler's  copper  oxide,  asbestos,  and  reduced 
copper  asbestos.  The  oxides  of  nitrogen  are  by  this  means  reduced  to 
nitrogen  and  the  organic  gases  oxidised  to  carbon  dioxide.  The  gas  is 
then  passed. into  a  measuring  burette  containiug  strong  caustic  potash 
solution,  which  absorbs  the  carbon  dioxide  and  allows  the  volume  of 
nitrogen  to  be  read  at  intervals.  A  curve  is  plotted  showing  the 
weight  of  nitrogen  evolved  each  quarter-hour,  and  the  character  and 
slope  of  the  curve  is  a  measure  of  the  stability  of  the  sample. 

The  general  arrangement  of  the  apparatus  for  estimation  of  the 
nitrogen  peroxide  disengaged  under  the  conditions  of  the  Will  test  is 
shown  in  Fig.  5. 

For  the  purpose  of  studying  the  amount  of  nitrogen  peroxide  given 
oif  by  the  guncotton,  the  gas  after  leaving  the  decomposition  tube 
was  passed  through  a  tube  which  permitted  its  absorption  spectrum 
to  be  photogi'aphed  at  intervals  without  interfering  with  the  progress 
of  the  test. 

In  order  to  prevent  the  trace  of  oxygen  due  to  air  in  the  carbon 
dioxide  from  oxidising  any  of  the  nitrogen  dioxide  given  off  by  the 
nitrocellulose,  the  gas  was  passed  through  a  heated  copper  combustion 
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tube  containing  Kreusler's  reduced  copper  asbestos  and  copper  gauze 
spirals  to  absorb  any  oxygen  before  it  reached  the  decomposition  tube. 
This  was  found  to  give  the  desired  result,  since  on  passing  pure 
nitrogen  dioxide  into  the  current  of  carbon  dioxide  deoxidised  in  this 
way  no  traces  of  the  absorption  spectrum  of  nitrogen  peroxide  could 
be  detected. 

The  tube  through  which  the  gas  was  passed  for  observing  its 
spectrum  was  40  cm.  long  with  a  side  tube  at  each  end,  and  the  volume, 
which  was  16  c.c,  ensured  the  contents  being  changed  about  once 
every  minute. 

The  gas, after  passing  through  the  observation  tube,  was  led  through 
a  second  copper  tube,  as  in  the  ordinary  Will  test,  so  that  the  nitrogen 
present  as  peroxide  and  the  total  nitrogen  evolved  could  be  obtained 

Fig.  5. 


.V iruasariruf  tUte 


Apparatus  for  observing  gases  from  Will  test. 


from  the  same  experiment  and  their  ratio  compared  for  different 
periods.  » 

As  a  rule,  a  photograph  was  taken  every  quarter-hour  at  the  same 
time  as  the  volume  of  nitrogen  was  read,  but  in  some  duplicate  experi- 
ments one  every  half-hour  was  considered  sufficient. 

The  plates  from  each  expeinment  were  developed  together  in  the  sarre 
dish  to  ensure  uniformity.  The  negatives  were  then  compared  with 
the  standard  and  the  amount  of  nitrogen  present  as  peroxide  cal- 
culated. 

This  was  done  in  a  manner  similar  to  that  already  described  (p.  771), 
and  for  comparison  with  the  usual  results  of  the  Will  test  in  which 
the  quantity  of  nitrogen  is  expressed  in  milligrams  per  quarter-hour 
disengaged  from  2-5  grams  of  guncotton  at  135°,  the  nitx'ogen  existing 
as  peroxide  was  also  calculated  for  the  same  period  (during  which 
250  c.c.  of  carbon  dioxide  passed  through  the  guncotton),  c  being  the 
percentage  concentration  of  nitrogen  peroxide  in  the  carbon  dioxide 
by  volume  and   27°  the  temperature  of  preparation  of  the  standard 
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negatives,  thus,  c  x  0-627  x  ^-^     x  250  =  c  x  1-43,  a  useful  factor  for 

expressing  concentration  of  nitrogen  peroxide  in  terms  of  milligrams  of 
nitrogen  existing  as  nitrogen  peroxide  per  quartei'-hour. 

The  comparisons  of  spectra  with  the  standard  spectra  were  made 
with  the  original  negatives,  but  for  the  purpose  of  demonstrating  the 
method  the  prints  are  here  reproduced,  and,  although  much  detail  is 
lost  in  the  reproduction,  the  method  of  matching  the  standard  photo- 
graph against  the  experimental  result  is  shown  in  Fig.  6. 

Examples  are  given  in  Fig.  7  of  the  difference  in  appearance  pre- 
sented by  the  spectra  from  two  guncottons,  the  one  stable  and  the  other 
unstable,  the  photographs  being  taken  under  the  same  conditions  every 
quarter  hour. 

The  results  obtained  by  this  method  in  the  case  of  the  two  samples 
of  stable  guncotton  used  in  the  vacuum  experiments  are  given  in  the 
following  table  : 


Table  IV. 

Decomposition  of  guncotton  in 

Will  test 

at 

135°. 

Guncotton  No.  1. 

Guncotton  No.  2. 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

as  NO2. 

total 

as  NO2. 

total 

Quarter  hours. 

nig. 

nig. 

mg. 

mg. 

1 

0-05 

0-13 

0-02 

0-19 

2 

0-10 

0-24 

0-05 

0-30 

3 

0-14 

0-35 

0-07 

0-41 

4 

0-17 

0-38 

0  08 

0-41 

5 

0-18 

0-46 

0-14 

0-41 

6 

0-19 

0-46 

0-21 

0-41 

7 

0-19 

0-46 

0-21 

0-,50 

8 

0-20 

0-46 

0-21 

0-45 

9 

0-20 

0-52 

0-21 

0-45 

10 

0-20 

0-52 

0-21 

0-50 

11 

0-20 

0-46 

0-20 

0-41 

12 

0-20 

0-46 

0-20 

0-45 

13 

0  20 

0-46 

0-20 

0-45 

14 

0-19 

0-42 

0-20 

0-50 

15 

0-20 

0-46 

0-20 

0-50 

16 

0-20 

0-46 

0-20 

0-47 

, .     N,  as  NO, 

atio,  — ^ —'' 

Total  N„. 

2-81 

6-70 

2-61 

6-80 

42 

per  cent. 

39 

per 

cent. 

As  the  magnitude  of  the  ratio  of  nitrogen  as  peroxide  to  the  total 
nitrogen  evolved  in  the  Will  test  was  so  remarkable,  the  possibility 
of  checking  the  figures  obtained  by  the  spectroscopic  method  was 
considered.  The  method  employed  was  an  analytical  one  and  was  as 
follows. 

The  gases  after  leaving  the  decomposition  tube  were  led  through 
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two  small  absorption  tubes  containing  strong  sulphuric  acid,  and  then 
into  the  usual  caustic  potash  absorption  burette  without  the  interposi- 
tion of  a  heated  combustion  tube. 

After  the  usual  four  hours  the  sulphuric  acid  was  shaken  up  in  a 
nitrometer  with  mercury  ;  the  gases  unabsorbed  by  the  potash  solution 
were  also  examined  for  nitrogen  dioxide  by  absorption  with  Divers' 
reagent  (Trans.,  1899,  75,  82),  and  for  nitrogen  by  taking  the  difference 
between  the  total  unabsorbed  gas  and  the  carbon  monoxide  found.  A 
correction  was  made  for  the  small  quantity  of  nitrogen  from  the  carbon 
dioxide.  If,  as  claimed  by  Will,  nitrogen  dioxide  were  the  chief  con- 
stituent of  the  nitrogenous  gases,  it  would  pass  the  sulphuric  pcid 
bulbs  unabsorbed,  and  be  collected  over  the  potash  solution  with  a 
volume  twice  that  of  the  nitrogen  found  when  the  gases  are  led 
through  a  combustion  tube.  Instead  of  this,  there  was  a  large  absorp- 
tion of  nitrogenous  gases  by  the  sulphuric  acid,  and  a  small  volume  of 
nitrogen  dioxide  was  collected  over  the  caustic  potash.  The  details  are 
given  below,  and  it  will  be  observed  that  they  confirm  the  spectroscopic 
results. 

It  has  been  shown  (Lunge,  "Sulphuric  Acid  and  Alkali,"  3rd  ed., 
p.  214)  that  when  a  mixture  of  nitrogen  dioxide  and  peroxide  is 
passed  into  sulphuric  acid  the  mixture  reacts  as  trioxide,  forming  the 
fairly  stable  compound  OH'SOo'NOg.  Half  of  the  nitrogen  dioxide 
obtained  in  the  nitrometer  from  the  sulphuric  acid  is  therefore  to  be 
reckoned  as  dioxide  and  half  as  peroxide  : 

Table  V. 

Guncotton  No.  1. 


I.  II.  III. 

N  as  NO2,  half  nitrometer  result  2'5  2'5  2"6 

N  as  NO,  half  nitrometer  result  +  unabsorbed  by  KOH 2 '5  2 '5  2 '6 

N  as  N2 1-7  1-0  0-9 

iSTTotal 6-7         60        6-1 

N  as  NOo  (spectroscopic) • —         2"8  — 

N  Total  ('Will  test)  —        67  — 

These  i-esults  are  entirely  confirmatory  of  those  obtained  by  the 
spectroscopic  method.  Thus,  of  the  total  nitrogen  evolved  in  the 
ordinary  Will  test  (6 "7  mg.  N),  the  nitrogen  existing  as  peroxide  is 
found  by  absorption  in  sulphuric  acid  to  be  2'5  to  2*6  mg.  or  37  to 
39  per  cent,  as  against  2*8  mg.  or  42  per  cent,  found  by  the  spectro- 
scopic method. 

The  presence  of  nitrogen  peroxide  in  the  gases  of  the  Will  test  was 
indicated  also  by  the  small  volume  of  gas  obtained  when  the  heated 
combustion  tube  was  cut  out  of  the  usual  system.  When  this  was 
done  the  nitrogen  peroxide  and  some  of  the  dioxide  were  absorbed  by 
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the  potash  solution,  only  a  relatively  small  quantity  of  the  dioxide 
remaining  unabsorbed. 

When  it  was  found  that  nitrogen  peroxide  was  a  large  constituent 
of  the  nitrogenous  gases  evolved  when  guucotton  is  decomposed  with 
continuous  removal  of  the  volatile  products  of  decomposition,  experi- 
ments were  made  to  ascertain  how  far  this  result  was  dependent  on 
the  conditions  of  experiment. 

Influence  of  Rate  of  Carhon  Dioxide. — When  guncotton  is  allowed 
to  decompose  in  a  steady  atmosphere  of  carbon  dioxide  (see  p.  779)  it 
is  found  .that  much  less  nitrogen  peroxide  is  obtained  among  the 
decomposition  products  than  when  these  are  continuously  x^emoved  as 
in  the  Will  test. 

The  most  probable  explanation  is  that  whilst  the  nitrogen  peroxide 
in  the  latter  case  is  removed  in  the  stream  of  carbon  dioxide,  in  the 
former  it  is  kept  in  contact  with  the  guncotton  throughout  the  experi- 
ment and  undergoes  reduction  either  by  the  nitrocellulose  or  organic 
impurities  present. 

It  follows  from  this  that  if  the  rate  of  the  stream  of  carbon  dioxide 
were  gradually  reduced,  the  proportion  of  nitrogen  peroxide  evolved 
should  decrease  until  it  reached  the  figure  obtained  from  the  decom- 
position in  an  unchanged  atmosphere  of  the  tame  gas. 

To  see  whether  this  was  the  case  the  following  experiments  were 
made  in  which  the  rate  of  the  current  of  gas  in  the  Will  apparatus  was 
very  much  reduced. 

Table  VI. 
Carhon  Dioxide. 
Influtnce  of  reduced  rate  of  CO 2  in  Will  test  at  135°. 
Rate  of  carbon  dioxide. 


Gun- 
cotton 

Passing  through 

Entering  above 

Per  cent,  of  Nj 

Expt. 

used. 

guncotton. 

guncotton. 

existing  as  NOj. 

1 

No.  1 

1/3    of  normal 

— 

36 

No  moisture  de- 
posited in  tubes 

2 

No.  1 

1/4  of  normal ; 

— 

35 

No  moisture  de- 
posited in  tubes 

then  at  normal. 

— 

48 

No  moisture  de- 
posited in  tubes 

0 

No.  1 

Normal;  then  at 

— 

40 

No  moisture  de- 
posited in  tubes 

1/8    of  normal 

— 

[9-0] 

Moisture  deposited. 

4 

No.  1 

1/8    of  normal 

7/8    of  normal 

18'0  No  moisture  de- 

posited  in  tubes. 

5 

No.  1 

1/10  of  normal 

9/10  of  normal 

20-0 

No  moistare  de- 
posited in  tubes. 

It  will   be   seen  that   by   reducing  the  rate  from  the  normal  one  of 
1,000  c.c,   carbon  dioxide  per  hour  to  a  quarter  of    its   former  value, 
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only  a  comparatively  small  alteration  is  eflfected  in  the  relation  between 
the  nitrogen  existing  as  peroxide  to  the  total  nitrogen  evolved.  On 
reducing  the  rate  still  further  to  an  eighth,  a  very  marked  diminution 
occurs  (Expt.  3);  but  as  moisture  was  observed  in  the  tubes  and  as  this 
is  a  condition  favourable  to  the  absorption  of  nitrogen  peroxide  (t-ee 
p.  768),  it  became  necessary  to  ensure  that  the  vapour  tension  of  the 
water  produced  by  the  decomposition  was  kept  sufficiently  low  to 
prevent  deposition  of  liquid  water.  This  was  done  by  fusing  a  side 
tube  on  to  the  decomposition  tube  so  that  a  diluent  stream  of  carbon 
dioxide  was  introduced  immediately  above  the  guncotton,  as  is  shown 
in  Fig.  8. 

This   stream  of    carbon    dioxide  was  kept  at  seven-eighths  of  the 
normal  rate  while  that  passing  through  the  guncotton  was   reduced  to 

one-eighth  of    the  nor- 
FiG.  8. 


COi  AT   1j   usual    rate 


CO,  AT'^   USUAL  RATE 


mal.  In  this  way  the 
total  volume  of  gas 
passing  through  the 
guncotton  was  small, 
and  water  vapour  formed 
by  the  decomposition 
■was  at  once  diluted  and 
thus  prevented  from 
being  deposited  as  liquid 
in  the  cooler  parts  of 
the  tube.  The  result 
of  this  treatment  was 
to  reduce  the  propor- 
tion of  nitrogen  exist- 
ing as  peroxide  to  18 
per  cent.,  a  figure  .only 
slightly  higher  than  that  found  when  guncotton  is  heated  in  a  steady 
atmosphere  of  carbon  dioxide  (p.  779).  This  experiment  shows  that  the 
effect  of  the  constant  stream  of  carbon  dioxide  through  the  guncotton, 
under  the  conditions  of  the  Will  test,  is  to  carry  away  the  nitrogen  per- 
oxide normally  formed  during  the  decomposition  of  the  nitrocellulose 
molecule,  and  it  exemplifies  the  action  of  water  on  the  one  hand,  and  of 
contact  with  heated  guncotton  on  the  other,  in  reducing  the  con- 
centration of  nitrogen  peroxide. 

The  results  given  above  for  the  guncottons  Nos.  1  and  2  are  typical 
of  a  large  number  of  guncottons  which  have  been  examined.  These 
guncottons — of  widely  different  origin  and  of  good  stability  as 
established  by  the  Will  and  other  tests — all  decomposed  in  the  same 
manner,  giving  a  high  proportion  of  nitrogen  pei'oxide. 

The  percentage  of  nitrogen  as  peroxide  in  the  gases  evolved  remains 
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high  when  the  guncotton  has  been  previously  purified  by  methods 
additional  to  the  usual  boiling  process.  This  was  demonstrated  with 
guncottons  repeatedly  extracted  with  ether  and  with  alcohol  and  also 
with  a  sample  x-eprecipitated  from  acetone  solution  by  water. 

An  experiment  was  made  to  determine  the  coui'se  of  the  decom- 
position when  the  guncotton  was  heated  for  a  much  longer  period  than 
the  usual  four  hours  of  the  Will  test.  The  results  of  this  experiment 
are  given  in  Table  VII,  in  which  will  be  found  the  total  nitrogen  and 
that  evolved  as  nitrogen  peroxide  together  with  the  loss  of  nitrogen 
calculated  on  the  original  guncotton  of  13  per  cent,  of  nitrogen.  It 
will  be  seen  that  for  a  period  five  times  longer  than  the  usual  Will 
test  the  proportion  of  nitrogen  existing  as  peroxide  to  total  nitrogen 
in  the  gases  evolved  is  more  than  40  per  cent.  : 


Table  VII. 

Ratio 

Loss  in 

Average  N., 

per  cent. 

nitrogen 

Average  No 

.    asNOa 

N2  as  NO2 

content  of  gun- 

uarter  hom-s. 

1361-  ^  hour. 

per  J  hour. 

No  Total. 

cotton  per  cent 

9—1(5 

0"44  mg. 

0-24  mg. 

"54 

0-28 

17—32 

0-44    ,, 

0-24   ,, 

54 

0-56 

33—48 

0-45    „ 

0-24   ,, 

53 

0-87 

49—64 

0-40   ,, 

0-21    ,, 

52 

1-12 

65—80 

0-44    ,, 

0-20    ,, 

45 

1-40 

81—96 

0-43    ,, 

0-13   ,, 

30 

1-67 

97—112 

0-41    ,, 

0-13    ,, 

32 

1-93 

113—128 

0-43    ,, 

0-14    „ 

32 

2-20 

129—144 

0-44   ,, 

0-13    „ 

30 

2-48 

145—160 

0-47    ,, 

0-13    ,, 

28 

2-78 

161—176 

0-44   ,, 

0-11    „ 

25 

3-06 

177—192 

0-49    ,, 

0-10   „ 

20 

3-37 

193—208 

0-46   ,, 

0-09    ,, 

19 

3-64 

209—224 

0-49    ,, 

0-05    ,, 

10 

3-97 

225—240 

0-49    ,, 

0-04    ,, 

8 

4-29 

(c)  Decomposition  of  Guncotton  in  an  Unchanged  Atmosphere  of 
Carbon  Dioxide. — The  decomposition  in  a  constantly  changing  atmo- 
sphere of  carbon  dioxide  has  been  described  in  the  last  section  ;  in 
this,  some  experiments  will  be  described  in  which  the  guncotton  was 
decomposed  in  an  unchanged  atmosphere  of  carbon  dioxide  at  ordinary 
pressure. 

In  the  first  series  of  experiments  (Fig.  9)  a  small  decomposition 
tube  was  used,  and  this  was  connected,  on  the  one  hand,  to  an  observa- 
tion tube,  and  on  the  other  to  the  pump  and  a  cylinder  of  carbon 
dioxide.  Every  precaution  was  taken  to  prevent  air  being  introduced 
into  the  apparatus,  the  guncotton  was  well  dried  and  finally  heated  in 
the  bath  at  135°  in  an  atmosphere  of  carbon  dioxide  which  was 
changed  both  before  and  during  this  preliminary  heating ;  carbon 
dioxide  was  finally  admitted,  and  after  five  minutes  the  stopcock  was 
momentarily  opened  to  relieve  excess  of  pressure.     After  each  period 
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of  the  experiment  the  gases  formed  in  the  decomposition  tube  were 
allowed  to  expand  into  the  observation  tube,  which,  together  with  all 
connecting  tubes,  had  been  filled  with  carbon  dioxide  and  exhausted. 
Before  starting  on  another  period  the  residual  gases  were  pumped  out 
of  the  decomposition  tube,  which  was  then  filled  with  carbon  dioxide 
as  before.  The  absorption  spectrum  of  the  nitrogen  peroxide  was 
photographed  and  the  concentration  estimated  in  the  manner  already 
described.  From  this  the  quantity  of  peroxide  present  in  the  gases 
was  calculated  as  before. 

In  the  second  series  of  experiments  (Fig.  4)  both  the  nitrogen 
existing   as    peroxide    and    the    total    nitrogen    evolved    during    the 

experiment  were  estimated.   The 
^'^-  ^-  method  of  carrying  out  the  ex- 

periment was  exactly  as  de- 
scribed in  the  vacuum  series  of 
experiments,  up  to  and  including 
the  thirty  minutes'  evacuation 
in  a  vacuum  at  135°  to  elimin- 
ate all  air  and  moisture.  Carbon 
dioxide  was  then  admitted  un- 
til it  was  at  atmospheric  pres- 
sure in  the  decomposition  vessel,  after  which  the  experiment  was 
started. 

After  each  hour  the  gaseous  contents  of  the  decomposition  tube 
were  drawn  into  the  evacuated  observation  tube  and  the  concentration 
of  the  i.itrogen  peroxide  observed.  At  the  completion  of  the 
fourth  hour  all  the  gases  were  swept  out  of  the  apparatus  by  a  stream 
of  carbon  dioxide,  passing  over  heated  copper  and  copper  oxide,  and  the 
total  nitrogen  obtained  as  in  the  vacuum  experiments. 

The  results  of  the  experiments  with  the  same  two  stable  guncottons 
as  were  used  in  the  previous  experiments  are  given  in  Table  VIII  : 


Table  VIII. 

Apparatus  used. 


Mg.  nitrogen 


Vohirae  Volume    evolved  per 

of  de-  of  ob- 1  gi-am  guncotton        Per- 

compo-  serva-      (averat^e  of         centage 

sition  tion  4  separatiThours).      ratio 

Expt.  Gun-  tube  tube  , — ^ ,  N  as  NQ^ 

No.        Series.       cotton.  Type.  in  c.c.  in  c.c.  As  NOo.  Total.  N  (Total). 

1  First         No.  1       As  in  Fig.  10       17  420         0-07  —  — 

2  ,,  No.  2  „  17  420         0-06  —  — 

3  Second   No.  1   As  in  Fig.  4    55  495    0-11    —     — 

4  „     No.  1      „        55  495    0-11    0-88    13 

5  ,,     No.  2      ,,        55  495    0-12    —     — 

6  ,,     No.  2      ,,        55  495    0-12    0-82    15 

It  will  be  seen  that  only  a  small  quantity  of  nitrogen  peroxide  was 
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obtained  from  the  small  decompobition  vessel.  A  slight  mist  was 
observed  to  condense  in  the  capillary  tube  between  the  decomposition 
vessel  and  the  observation  tube,  on  opening  the  cock  admitting  the 
products  of  decomposition  into  the  latter,  and  the  presence  of  this 
moisture  was  assumed  to  be  the  cause  of  the  reduction  of  the  peroxide 
to  this  small  quantity. 

In  the  second  series  no  moisture  was  observed  in  the  apparatus  and 
more  peroxide  was  obtained.  The  apparatus  being  adapted  for  the 
estimation  of  the  total  nitrogen,  this  was  obtained  for  the  purpose  of 
arriving  at  the  ratio  of  nitrogen  existing  as  peroxide  to  total  nitrogen 
under  the  conditions  of  this  experiment.  The  table  shows  this  to 
be  from  13  to  15  per  cent.,  or  less  than  in  the  case  of  the  vacuum 
experiments  and  very  much  less  than  in  the  case  of  the  ordinary  Will 
test.  The  decreased  ratio  is  doubtless  due  to  the  reduction  of  the 
nitrogen  peroxide  by  contact  with  the  heated  guncotton,  a  condition 
which  occurs  to  a  much  greater  extent  in  this  experiment  than  in  any 
of  those  yet  described,  since  the  gases  are  not  removed  from  the 
decomposition  vessel  until  after  the  expiration  of  one  hour. 

(d)  Decomposition  of  Guncotton  in  Presence  of  Nitrogen  Dioxide. — 
The  effect  of  nitrogen  dioxide  on  the  decomposition  was  studied  in 
three  different  ways. 

(1)  In  a  stream  of  the  gas  under  the  conditions  of  the  Will  test  at 
135°,  the  apparatus  used  being  similar  to  that  in  Fig.  5. 

The  cylinder  of  carbon  dioxide  was  replaced  by  a  reservoir  of 
nitrogen  dioxide,  and  the  amount  passed  was  measured  by  the  differ- 
ence in  level  of  the  potash  solution  in  the  reservoir.  The  gas  was 
tested  spectroscopically  and  found  to  be  free  from  nitrogen  peroxide. 

In  this  experiment  the  combustion  tube  and  gas-measuring  burette 
were  omitted,  the  only  measurement  taken  being  that  of  the  concen- 
tx'ation  of  nitrogen  peroxide. 

(2)  In  an  unchanged  atmosphere  of  nitrogen  dioxide  at  130°,  using 
a  small  decomposition  tube  of  the  type  shown  in  Fig.  10. 

(3)  In  an  unchanged  atmosphere  of  nitrogen  dioxide  at  130°,  using 
the  larger  decomposition  vessel  of  Fig.  4. 

The  method  of  experiment  in  (2)  and  (3)  was  similar  to  that  used 
in  studying  the  decomposition  in  carbon  dioxide,  and  the  results  are 
given  in  Table  IX  : 

Table  IX. 

Apparatus  used. 

Volume  Volume 

ofde-      ofob- 
coiiipo-    serva-       Nitrogen  as  NOo  per  hour  in  mg. 

sition       tion 


Expt.  Gun-  tube  tube  1st  :2ud  3rd  4th      6th      6th 

No.  Series.  Temp,  cotton.          Type.  in  c.c.  in  c.c.  hour.  hour.  hour.  hour.  hour.  hour. 

1  First      135°  No.  1  As  in  Will  test  —  —  0-34  0-45  0-49  0-51  049  OwS 

2  Second    130°  No.  1  As  in  Fig.  10  17  100  Q-IS  0-19  0-17  0-21      —       — 

3  „          130°  No.  1                ,.  17  100  0-19  0-16  0-07  0-06      —        — 

4  Third      130°  No.  1  As  in  Fig.  4  65  495  0-63  0-47  0-63  0-39     —       — 

VOL.    XCI.  3  F 
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It  appears  from  the  above  table  that  the  quantity  of  nitrogen 
peroxide  evolved  under  the  conditions  just  described  is  considerably 
greater  than  that  obtained  when  an  atmosphere  of  carbon  dioxide  is 
used,  which  suggests  that  the  oxides  of  nitrogen  cause  an  acceleration 
of  the  rate  of  decomposition. 

(e)  Decomposition  of  Guncotton  in  Air. — In  the  foregoing  experi- 
ments the  action  of  the  oxygen  of  the  air  has  been  carefully  eliminated 
with  the  object  of  ascertaining  the  actual  method  of  decomposition  of 
guncotton ;  in  the  experiments  described  in  this  section  the  gun- 
cotton  was  permitted  to  decompose  in  air  under  such  conditions  that 
the  nitrogen  evolved  as  dioxide  and  peroxide  was  observed  and  esti- 
mated as  peroxide. 

The  following  table  contains  the  results  of  some  of  these  experi- 
ments : 

Table  X. 

Volume.  Nitrogen 


evolved  per 
1  gram  gun- 

Gun- 

Decomposi- 

Observa 

Temp. 

Expt. 

cotton 

tion  tube 

tion  tube 

>    of 

cotton  per 

No. 

Series. 

use  J. 

Apparatus  used. 

in  c.c. 

in  c.c. 

Expt. 

hour  in  mg. 

1 

First 

No. 

1 

Fig.  5,  air  stream  ; 
no  reduction  tube 

nor  burette 

— 

— 

135° 

0-54 

2 

,^ 

No. 

2 

n                   ) » 

— 

— 

135 

0  62 

3 

Secoiul 

Ko. 

1 

Air. — First  hour 

11 

93 

130 

0-05 

4 

J 

No. 

2 

)  I               >) 

11 

93 

,, 

0-06 

5 

No. 

1 

)) 

17 

93 

0-09 

6 

No. 

2 

!,                                  .) 

17 

93 

0-04 

7 

,1 

No. 

1 

)1                                 )> 

33 

93 

0-17 

8 

No. 

2 

)>                                  >> 

,, 

93 

0-18 

9 

jj 

No. 

1 

,,     Fourth  hour 

,, 

420 

0-29 

10 

No. 

2 

)) 

?) 

J  J 

0-31 

11 

No. 

1 

'„     26th  hour 

,  J 

0-29 

12 

,, 

No. 

2 

,,               ,, 

,, 

,, 

0-34 

It  will  be  seen  from  this  table  that  the  nitrogen  evolved  in  a 
stream  of  air  from  guncotton  heated  to  135°  approached  the  figure 
found  when  it  was  decomposed  in  a  stream  of  carbon  dioxide.  The 
influence  of  the  small  size  of  the  decomposition  vessel  was  also  brought 
out  in  this  series  of  experiments,  much  higher  results  being  obtained 
when  the  possibility  of  deposition  of  water  was  lessened  (Expts. 
7  and  8).  Two  experiments  were  carried  on  for  twenty-six  hours, 
pumping  out  the  products  every  hour,  when  it  was  found  that  the 
evolution  of  nitrogen  remained  practically  constant  during  this  period. 
If  the  traces  of  nitrogen  peroxide  remaining  from  a  previous  hour 
were  permitted  to  remain  in  the  tube,  a  large  increase  in  the  decom- 
position was  obtained.  Observing  this  precaution,  the  nitrogen 
evolved  at  130°,  was  found  tO;be  0*3  mg.  per  gram  of  guncotton  per 
hour ;  if  the  effect  of  increase  in  temperature  is  similar  to  that 
observed  by  Will,  namely,  double  the  evolution  for  a  rise  of  5°,  the 
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result  is  very  similar  to  the  quantity  of  nitrogen  disengaged  under  the 
conditions  of  the  Will  test. 

It  is  evident  from  Table  XI  that  the  conditions  under  which  gun- 
cotton  decomposes  exercise  an  influence  on  the  nature  and  quantity  of 
the  gaseous  nitrogenous  products,  and  it  is  necessary  to  eliminate  the 
effects  of  disturbing  conditions  before  arriving  at  the  actual  chemical 
reactions  taking  place.  The  first  cause  tending  to  decrease  the  propor- 
tion of  nitrogen  peroxide  is  the  presence  of  liquid  water  produced  by 
the  decomposition  of  the  guncotton,  and  in  all  cases  where  this  occurs 
the  effect  is  the  same,  namely,  a  more  or  less  complete  removal  of  the 
nitrogen  peroxide  owing  to  its  having  reacted  with  the  water  to 
form  nitrous  and  nitric  acids.  This  was  observed  in  the  small  vacuum 
apparatus,  in  the  decomposition  in  an  unchanged  atmosphere  of  carbon 
dioxide,  and  in  the  Will  test  if  the  current  of  carbon  dioxide  was  very 
slow. 

The  second  cause  effecting  the  composition  of  the  gases  is  action 
between  the  nitrogen  peroxide  originally  evolved  and  the  heated  gun- 
cotton  or  its  decomposition  products.  This  appears  to  have  a  con- 
siderable effect,  since  under  the  conditions  of  the  Will  test,  when  the 
gases  are  continuously  removed,  the  proportion  of  nitrogen  peroxide 
to  total  nitrogen  is  greater  than  in  any  other  method,  and  when  the 
rate  of  removal  is  reduced  it  falls  from  40  to  20  per  cent. 

In  a  vacuum,  although  the  gases  are  removed  with  perhaps  greater 
ease  than  in  the  Will  test,  they  are  free  to  diffuse  back  and  react  with 
the  heated  guncotton  during  the  whole  period  of  the  experiment. 

The  effect  is  also  shown  in  the  experiments  on  decomposing  gun- 
cotton  in  an  unchanged  atmosphere  of  carbon  dioxide ;  here  the 
nitrogen  peroxide  during  the  hour  for  which  the  heating  was  con- 
tinued was  in  contact  with  the  heated  guncotton,  with  the  result  that 
the  proportion  of  nitrogen  peroxide  fell  to  13 — 15  per  cent.,  which  is  one- 
third  of  that  obtained  when  the  gases  were  continuously  removed. 
This  loss  may  be  due  to  absorption  of  the  gas  as  such,  or  to  its  reduc- 
tion to  nitrogen  dioxide.  In  the  first  case,  the  total  amount  of  nitro- 
genous gases  evolved  would  be  reduced,  but  it  is  not  possible  to  draw 
any  deductions  from  the  total  quantity  of  nitrogen  evolved,  since  in 
all  cases  in  which  the  nitrogen  peroxide  is  low  owing  to  prolonged 
contact  with  the  guncotton  there  may  be  a  compensating  increase  in 
the  total  decomposition  caused  by  the  action  of  the  gases  on  the  gun- 
cotton.  The  experiments  in  an  atmosphere  of  nitrogen  dioxide  point 
to  an  action  of  this  kind,  and  the  following  extract  from  Table  XI 
shows  that  there  is  a  slight  but  decided  increase  in  total  nitrogen 
when  the  proportion  of  nitrogen  peroxide  is  low  : 
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Percentage 

ratio 
N2  as  NO, 
No.  Decomposition.  Total  No.  Total  Ng  iu  nig. 

IV.     1         Will  test 42      "  0-67 

III.     3        In  vacuum 201„,.,  072  "!„.-, 

III.     5  „  23/2^^  0-77r''' 

Yll.     4         In  atmosphere  of  CO.,  ..  13  O'SS 

The  Will  test  is  the  method  of  decomposition  which  seems  to  be 
most  free  from  complications  caused  by  the  by-products,  and  conse- 
quently the  results  given  by  it  represent  as  nearly  as  can  be  obtained 
at  present  the  course  of  the  inherent  decomposition  of  guncotton.  By 
its  means  the  actual  or  intrinsic  stability  of  two  samples  may  be 
compared,  although  it  is  not  necessarily  the  best  adapted  for  a 
practical  stability  test,  since  under  ordinary  conditions  of  storage 
the  by-products  are  retained  in  close  contact  with  the  explosive.  The 
presence  of  solid  catalysts  has  long  been  considered  to  exercise  an 
influence  on  the  decomposition,  and  the  I'esults  obtained  in  the  present 
paper  indicate  that  the  gaseous  products  also  have  a  measurable 
effect. 

The  presence  of  40  per  cent,  of  the  total  nitrogen  in  the  form  of 
peroxide  is  opposed  to  the  results  of  the  previous  workers  on  this 
subject,  but  this  disagreement  is  most  probably  due  to  their  use  of 
unsuitable  apparatus  and  less  perfect  methods  of  estimating  this  gas. 

Will  concludes  that  practically  the  whole  of  the  nitrogen  is 
given  off  in  the  form  of  nitrogen  dioxide,  and  gives  the  equation 
Ci2H^5(N02),Oio  =  CioH30sN-i-4N0  4-6H20-f2CO  for  the  decomposi- 
tion. This  is  based  on  the  analysis  of  a  product  remaining  after  long- 
continued  heating  and  the  ratio  of  water  (found  by  absorbing  in  a 
calcium  chloride  tube)  to  nitrogen  in  the  gas  evolved. 

In  confirmation,  he  quotes  the  observation  that  when  the  combus- 
tion tube  is  not  sufliciently  hot  twice  the  usual  volume  of  gas  is 
obtained. 

From  Will's  paper  it  appears  that  the  analytical  figures  obtained  by 
him  do  not  agree  with  the  calculated  formula,  C^gHgOgN  : 

Found;  C  =  44--4;  H  =  2-4;  0  =  479;  N  =  5-3. 

CioHgOsN  requires  C  =  45-3  ;  H  =  M  ;  0  =  48-3  ;  N  =  5-3  per  cent. 

so  that  the  equation  is  of  very  slight  value.  Moreover,  the  observ- 
ation that  the  volume  of  gas  is  doubled  if  the  combustion  tube  is  not 
properly  heated  does  not  differentiate  between  nitrogen  dioxide  and 
peroxide,  since  the  latter  gas  in  these  circumstances  would  be 
reduced  to  dioxide,  the  final  result  being  the  same,  whatever  the  pro- 
portions of  the  two  gases. 

It  has  been  previously  mentioned  in  this  paper  that   the  volume 
VOL.    XCI.  3    G 
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of  gas  obtained  when  the  combustion  tube  is  omitted  is  less  than  the 
usual  volume  of  nitrogen,  which  conclusively  shows  that  nitrogen 
peroxide  is  present,  the  loss  being  due  to  absorption  of  dioxide  and 
peroxide  in  the  potash  solution. 

The  experiment  of  long  duration,  quoted  on  p.  779,  was  carried  out 
in  a  similar  manner  to  that  described  by  Will,  and,  for  the  period 
during  which  it  was  continued,  confirms  his  result  that  the  total 
quantity  of  nitrogen  evolved  per  quarter  hour  remains  constant.  This 
was  not  the  case  with  the  composition  of  the  gases,  since  the  ratio  of 
nitrogen  as  peroxide  to  total  nitrogen,  which  remained  at  40  to  50 
per  cent,  for  the  first  eighty  quarter-hours  (five  times  the  period  of 
the  usual  test),  fell  to  about  10  per  cent,  after  260  quarter-hours, 
when  the  guncottou,  originally  containing  13  per  cent,  of  nitrogen, 
had  lost  nitrogen  equal  to  4  per  cent. 

It  is  therefore  evident  that  the  equation  proposed  by  Will  does 
not  represent  the  primary  mode  of  decomposition  of  guncotton,  as  no 
account  is  taken  of  the  presence  of  nitrogen  peroxide  ;  nor  do  his 
equation  and  formula  agree  with  his  analytical  figures,  while  his 
observation  of  the  double  volume  of  gas  is  equally  in  agreement  with 
the  presence  of  nitrogen  peroxide. 

The  long-continued  experiments  also  serve  to  throw  some  further 
light  on  the  results  obtained  by  Hoitsema  and  Saposchnikoff,  since  it 
appears  that  the  products  of  continued  heating  give  a  smaller  propor- 
tion of  nitrogen  peroxide  than  is  obtained  by  the  action  of  heat  on  a 
puie  nitrocellulose.  But  in  the  early  stages  of  decomposition,  and 
while  the  substance  can  still  be  described  as  a  "  nitrocellulose,"  the 
nitrogen  is  to  a  large  extent  evolved  as  peroxide. 

The  results  of  this  research  may  be  bi"iefly  summarised  in  the  state- 
ment that,  although  previous  observers  have  stated  that  only  traces  of 
nitrogen  peroxide  exist  in  the  gaseous  decomposition  products  of  gun- 
cotton,  it  has  been  shown  that,  when  due  precautions  are  taken  to 
exclude  the  action  of  liquid  water  and  of  the  heated  guncotton  on  the 
gases  evolved,  nearly  one-half  of  the  nitrogen  evolved  is  present  as 
peroxide,  even  when  a  considerable  proportion  of  its  nitrogen  has 
already  been  disengaged  from  the  guncotton  molecule. 

Finally,  we  would  like  to  express  our  indebtedness  to  Lt.-Col.  Sir 
Frederic  Nathan  for  his  valuable  assistance  and  advice  in  connexion 
with  this  and  the  preceding  paper. 

RorAL  Gunpowder  Factory, 
Waltham  Abbey. 
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LXXII. — An  Isomeric  Change  of  Dehydracetic  Acid. 

By  John  Norman  Collie  and  Thomas  Percy  Hilditch. 

Recently  it  was  noticed  during  the  preparation  of  a  large  quantity  of 
triacetic  lactone,  that  if  sulphuric  acid  of  about  85  instead  of  90  per 
cent,  strength  was  used,  the  yield  of  triacetic  lactone  was  considerably 
reduced.  The  triacetic  lactone  is  prepared  by  heating  dehydracetic 
acid  with  sulphuric  acid  of  about  90  per  cent,  for  a  shoi-t  time  to  135° 
(Collie,  Trans.,  1891,  59,  607).  The  product  is  then  poured  into 
water  and  the  triacetic  lactone  crystallises  out.  When  85  per  cent, 
sulphuric  acid  is  used  only  a  small  quantity  of  the  lactone  separates 
when  the  product  of  the  reaction  is  poured  into  water,  but  a  further 
crop  of  crystals  can  be  obtained  by  nearly  neutralising  the  acid  solu- 
tion with  solid  sodium  carbonate.  At  first  these  were  thought  to  be 
impure  triacetic  lactone,  but  after  purification  by  several  recrystallisa- 
tions  they  were  found  to  have  a  melting  point  99°,  whilst  the  lactone 
melts  at  189°, 

The  crystals  were  acid  to  litmus  paper,  and  more  soluble  in  water 
than  triacetic  lactone. 

On  analysis,  the  mean  of  thi'ee  concordant  results  was  : 
C  =  56-8.     H  =  4-9; 

(C2H20),i  requires  C  =  57'l  ;  H  =  4-8  per  cent. 
On  titration  with  soda  the  mean  of  several  experiments  gave  the 
equivalent  of   the  acid  as  165.     This  is  too  high  for  triacetic  lactone, 
C^Hg03=  126,  but  it  agrees  well  with  CgHgO^^  168. 

The  molecular  weight  was  determined  by  the  boiling  point  method, 
the  molecular  weight  of  169  was  obtained  as  the  mean  of  three 
experiments. 

From  these  results  the  compound  is  obviously  isomeric  with 
dehydracetic  acid. 

When  boiled  with  hydrochloric  acid  it  is  decomposed  into  dimethyl- 
pyrone  and  carbon  dioxide.  From  1  gram  of  the  acid  0'75  gram  of 
dimethylpyrone  was  obtained.  The  dimethylpyrone  was  identified  by 
its  melting  point,  132°,  its  yellow  barium  salt,  and  the  production  of 
diacetylacetone,  which  gives  a  blood-red  coloration  with  ferric 
chloride, 

C.HgO.^CVHsO^  +  CO^. 

By  beating  the  compound  to  about  200°,  it  decomposed  in  an  exactly 

similar  manner,  an  almost  quantitative   yield  of  carbon  dioxide  and 

dimethylpyrone  being  produced.     When  boiled   with  excess  of  strong 

baryta  solution  it  gave  no  yellow  compound,  but  after  a  short  time 
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a  barium  salt  crystallising  in  needles  separated  from  the  hot  solution  ; 
these  were  filtered  off,  and  in  the  filtrate,  which  had  a  strong  odour  of 
acetone,  an  acetate  was  found. 

The  barium  salt  on  analysis  gave  Ba  =  53'9;  this  agrees  with  the 
percentage  of  barium  in  barium  malonate  : 

CaHgO^BajIIgO  requires  Ba  =  53*3  per  cent. 

That  the  salt  was  barium  malonate  was  proved  by  the  fact  that  the 
free  acid  frona  the  barium  salt  on  heating  gave  carbon  dioxide  and 
acetic  acid. 

The  electrical  conductivity  of  the  acid  was  found  to  be  K  =  0*00152. 

The  acid  seems,  therefore,  to  be  in  most  respects  identical  \vith  an 
acid  obtained  by  Feist  {Annalen,  1890,  257,  253)  by  the  action  of 
sulphuric  acid  on  the  dichloride  of  dehydracetic  acid.  The  chief 
dilference  was  in  the  electrical  conductivity,  which  Feist  found  to  be 
K  =  0-0385. 

Several  salts  of  the  acid  were  prepared  from  a  solution  of  the 
sodium  salt.  Silver  nitrate  gives  a  white  precipitate  soluble  in  hot 
water ;  mercuric  chloride,  a  white  precipitate ;  mercurous  nitrate, 
a  grey  precipitate,  which  decomposes  on  warming  and  evolves  carbon 
dioxide ;  ferric  chloride,  a  dark  yellow  coloration  and  a  slight  pre- 
cipitate on  boiling  :  this,  however,  may  be  due  to  the  decomposition  of 
the  sodium  salt,  for  it  was  found  that  on  boiling  the  sodium  salt  the 
solution  became  distinctly  alkaline,  and  when  acid  was  added,  dehydr- 
acetic acid  was  precipitated.  The  dehydracetic  acid  melted  at  108°,  and 
when  viewed  under  the  microscope  it  was  identical  with  the  ordinary 
acid.  Considerable  decomposition,  however,  took  place,  as  well  as  the 
change  of  the  acid  back  to  dehydracetic  acid,  for  when  a  solution  of 
the  sodium  salt  was  evaporated  to  half  its  bulk  the  distillate  was 
found  to  contain  acetylacetone,  which  gave  a  deep  blood-red  coloration 
with  ferric  chloride. 

The  free  acid  when  heated  in  a  sealed  tube  with  strong  ammonia 
gave  an  ammonium  salt  of  a  lutidonecarboxylic  acid ;  the  free  acid 
melted  at  258°  and  was  the  same  as  an  acid  obtained  from  ethyl 
^-aminocrotonate  by  heat  (Collie,  Annalen,  1884,  226,  297).  When 
heated,  it  decomposed  quantitatively  into  2  :  6-dimethylpyridone, 

This  interesting  isomeric  change  of  dehydracetic  acid,  when  heated 
with  sulphuric  acid,  to  a  pyronecarboxylic  acid,  and  the  reverse  change 
when  heated  with  soda  may  be  expressed  as  follows  : 

CHs-CO-CH^-C— 0-CO       ...         .       . , 
HC-CO-CH;  ^^^y^'^'^^'^  ^''^' 

CH3-C(0H):CH-C0-CH:C(0H)*CH2-C0^H,  intermediate  compound 
in  acid  solution. 
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"*  1 1         11         -       ^     ,  2-methylpyrone-6-acetic  acid. 
HC-CO-CH  '  ^  ^^ 

CH3-CO-CH2-C(OH):CH-CO-CH2-C02Na,    intermediate    compound 

in  alkaline  solution. 

The  above  formula  easily  explains  the  formation  of  a  lutidonecarb- 
oxylic  acid  and  also  the  formation  of  malonic  acid,  acetone,  and  acetic 
acid  when  the  acid  is  heated  respectively  with  ammonia  or  with 
concentrated  baryta  solution. 

The  Organic  Laboratory, 

University  College,  London. 


LXXIII. — Measurements  of  the  Velocities  of  Saponifica- 
tion  of  the    \-Menthyl   and   l-Bornyl   Esters   of 
the  Stereoisomeric  Mandelic  Acids. 
By  Alex.  McKenzie  and  Herbert  Bryan  Thompson,  M.Sc. 

The  esters,  ?-bornyl  (Z-mandelate  and  ^-bornyl  Z-mandelate,  are 
diastereoisomeric  and  not  enantiomorphous.  They  can  accordingly 
undergo  saponification  by  alkali  with  diiferent  velocities,  and  the 
method  of  Marckwald  and  McKenzie  for  resolving  inactive  compounds 
into  their  optically  active  components  has  been  applied  in  the  case  of 
r-mandelic  acid  by  completely  esterifying  it  with  /-borneol  and  then 
submitting  the  resulting  ^-bornyl  JZ-mandelate  to  fractional  saponi- 
fication with  alcoholic  potassium  hydroxide  (Trans.,  1904,  85,  378). 
The  alcoholic  solution  of  the  latter  ester  may  be  regarded  as  containing 
equal  amounts  of  the  diastereoisomerides  and  it  formed,  when  heated 
with  an  amount  of  potassium  hydroxide  insufficient  for  complete 
saponification,  potassium  mandelate,  the  aqueous  solution  of  which 
was  carefully  freed  from  borneol  and  residual  bornyl  esters  and  on 
polarimetric  examination  was  Isevorotatory. 

On  first  considerations  this  result  indicated  that  ^bornyH-mandelate 
undergoes  saponification  more  quickly  than  does  the  isomeric 
c?-mandelate,  a  view,  howevei",  which,  in  the  first  instance,  was  not  in 
accordance  with  what  was  anticipated  from  the  experience  of  one  of 
us  with  the  partial  esterification  of  r-mandelic  acid  by  ^borneol 
{loc.  cit.).  It  had  been  found  that  when  y-mandelic  acid  was  heated 
with   Z-borneol,  the  unesterified    acid   was  l£evorotatory,  or,   in   other 
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words,  that  Z-bornyl  (i-mandelate  was  more  quickly  formed  than 
/-bornyl  ^-mandelate.  Now  Victor  Meyer,  Wegscheider,  and  others 
who  have  studied  the  saponification  of  isomeric  aromatic  esters,  show 
clearly  that,  of  two  isomeric  esters,  the  one  which  is  the  more  quickly 
formed  is  also  the  more  readily  saponifiable.  It  was  accordingly  at 
first  expected  that,  since  ^-bornyl  fZ-mandelate  is  more  quickly  formed 
than  Z-bornyl  Z-mandelate,  it  would  be  siponified  more  quickly  and 
that  a  dextrorotatory  potassium  salt  would  result  from  the  saponi- 
fication of  Z-bornyl  cZ^iiiandelate  by  an  insufficiency  of  alkali.  But  it 
has  just  been  pointed  out  that  a  laevorotatory  potassium  salt  was 
actually  obtained. 

From  subsequent  experiments,  however,  on  the  racemisation 
phenomena  during  the  saponification  of  optically  active  menthyl  and 
bornyl  esters  by  alkali  (Trans.,  1905,  87,  1004),  the  deduction  may  be 
drawn  that  the  formation  of  a  laevorotatory  potassium  salt,  to  which 
reference  has  just  been  made,  does  not  necessarily  imply  that  the 
bornyl  ^mandelate  is  saponified  more  quickly  than  the  isomeric 
c?-mandelate.  During  the  progress  of  the  saponification  of  Z-bornyl 
c?Z-mandelate  by  an  insufficiency  of  alkali,  the  optically  active 
potassium  mandelate  formed  is  racemised  to  an  extent  which  becomes 
less  and  less  as  the  concentration  of  the  hydroxyl  ions  diminishes 
and  which  is  also,  of  course,  dependent  on  the  temperature 
conditions. 

In  order  to  prove  that  the  interpretations  previously  advanced  by 
the  authors  {loc.  cit.)  are  correct,  it  was  considered  advisable  to 
measure  the  velocities  of  saponification  of  each  of  the  diastereoisomeric 
^-bornyl  mandelates.  Those  compounds  were  accordingly  prepared 
from  d-  and  Z-mandelic  acids  respectively,  and  had  the  following 
rotations  in  ethyl-alcoholic  solutions  : 

Z-Bornyl  cZ-mandelate,  [af^  +23-2°  (c  =  4-4425). 

Z-Bornyl  Z-mandelate,  [a]^  -84-2°  (c  =  4-6375). 

By  taking  the  mean,  the  value  -  30-5°  is  obtained,  a  figure 
practically  identical  with  that  experimentally  found  for  the  specific 
-  rotation  of  Z-bornyl  (Z^mandelate,  namely,  -  30-4°  {t  =  20°,  c  =  6-6876) 
(Trans.,  1905,  87,' 1004).  It  is  true  that  the  rotations  of  the  three 
isomerides  were  determined  under  slightly  different  conditions  of 
concentration  and  temperature,  but  the  influence  of  those  factors  on 
the  va,lues  for  specific  rotation  within  the  ranges  examined  appears  to 
be  very  slight. 

The  results  of  the  measurements  quoted  in  the  sequel  show  that 
/[-bornyl  cZ-mandelate  is  saponified  more  quickly  than  ^bornyl 
Z-mandelate. 

The  opportunity  was  also  taken  of  investigating  the  corresponding 
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^menthyl  esters  from  the  same  standpoint.  Here  again  it  is  shown 
by  direct  measurements  with  the  I'espective  esters  that  Z-menthyl 
c?-mandelate  is  saponified  more  quickly  than  ^menthyl  ^mandelate. 

The  saponification  constant  was  calculated  by  the  formula  for 
a  reaction  of  the  second  order,  namely, 

,  _ 2;302  X  1000  ,       UTp-T^) 

Comparison  of  the  saponification  constants  shows  how  much  more 
quickly  the  bornyl  esters  are  saponified  than  the  menthyl  esters.  This 
difference  in  velocity  of  saponification  is  distinctly  seen  by  comparison 
of  the  results  of  experiments  II  and  XI,  III  and  XII,  V  and  XIII. 
Thus,  to  take  one  example  from  the  results  of  experiments  II  and  XI, 
where  the  temperature  was  27°  and  the  concentrations  of  the  various 
solutions  were  practically  identical,  it  will  be  seen  that,  after  fifty-nine 
minutes,  67  per  cent,  of  the  bornyl  ^mandelate  was  saponified,  whilst, 
after  sixty-eight  minutes,  only  37  per  cent,  of  the  menthyl  ester  was 
saponified.  Again,  contrasting  experiments  III  and  XII,  where  the 
saponification  was  conducted  in  each  case  more  quickly  at  27°,  it  will 
be  seen,  for  example,  that,  after  thirty-four  minutes,  86  per  cent,  of 
the  bornyl  ^mandelate  was  saponified,  whilst,  in  the  same  time,  only 
36  per  cent,  of  the  corresponding  menthyl  ester  was  saponified.  In 
experiments  V  and  XIII,  where  the  temperature  was  40°,  91  percent. 
of  the  bornyl  Z-ester  was  saponified  after  21  "5  minutes,  whereas  only 
55  per  cent,  of  the  menthyl  Z-ester  was  saponified  after  22*5 
minutes. 

Experimental, 

The  ^-menthyl  (Z-mandelate  and  Z-menthyl  Z-mandelate  used  were 
prepared  as  already  described  (Trans.,  1904,  85,  1249).  Determina- 
of  the  melting  points  and  specific  rotations  of  these  esters  were  in 
agreement  with  the  values  previously  quoted. 

^-Bornyl  ^-mandelate  was  prepared  as  follows.  cZ-Mandelic  acid, 
obtained  by  resolving  the  r-acid  with  morphine,  was  esterified  by 
Z-borneol  according  to  the  Fischer-Speier  hydrogen  chloride  method. 
After  the  heating  on  a  boiling-water  bath  had  been  continued  for 
fourteen  hours,  the  product  was  washed  first  with  dilute  sodium 
carbonate  and  finally  with  water,  and  then  submitted  to  prolonged  dis- 
tillation in  a  current  of  steam  until  the  excess  of  borneol  had  nearly 
all  been  removed.  The  residual  viscous  oil  did  not  crystallise  when 
exposed  over  sulphuric  acid  in  a  partial  vacuum  for  three  weeks  ;  at 
the  ordinary  temperature  it  was  very  readily  soluble  in  the  commoner 
organic  solvents.  Its  solution  in  ethyl  alcohol  crystallised  when 
surrounded  by  a  freezing  mixture  of  solid  carbon  dioxide  and  alcohol 
and  the  crop,    which    separated,    was    drained  off   through  a  funnel 
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surrounded  by  solid  carbon  dioxide.  The  crystals  obtained  in  this 
manner  became  liquid  at  the  ordinary  temperature,  and  were  freed 
from  alcohol  by  heating;  when  nucleated  by  a  crystal  obtained  by 
evaporating  a  small  portion  of  the  ethyl-alcoholic  solution  at  the 
temperature  of  a  mixture  of  solid  carbon  dioxide  and  ethyl  alcohol,  tlie 
oil  solidified  to  a  mass  of  minute,  colourless,  feathery  needles. 

\-Bornyl  Ci-mandelate,  C^H5-CH(0H)-C0o-Ci,Hj-  (m.  p.  50—51°),  is 
practically  insoluble  in  water  and  readily  soluble  in  the  commoner 
organic  solvents  at  the  ordinary  temperature  : 

0-1820  gave  0-5021  CO2  and  0-1390  H2O.     0  =  75-2;  H  =  8-5. 

C,gH2403  requires  C  =  75-0  ;  11  =  8-4  per  cent. 
A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
following  result : 

1  =  2,  c  =  4-4425,  a}^  +2-06°,  [aji''  +23-2°. 
In  order  to  prepare  the  isomeric  Z-mandelate,  the  esterification  of 
^-mandelic  acid,  obtained  from  amygdalin,  was  conducted  as  in  the 
former  case.  After  removal  of  free  acid  and  borneol,  the  residual  oil 
quickly  solidified  to  a  solid  cake,  which  was  crystallised  by  surround- 
ing its  ethyl-alcoholic  solution  with  a  freezing  mixture  of  ice  and 
salt. 

l-Bornyl  Unandelate,  G^U^'GRiOHyCO^-C^QlI^^  (m.  p.  78°),  forms 
colourless  glassy  prisms,  the  behaviour  of  which  towards  solvents  is 
similar  to  that  of  the  ester  already  described  : 

0-2012  gave  0-5512  CO.^  and  0-1503  H2O.     0  =  74-7  ;  H  =  S-4. 

OjgH^^Og  requires  0  =  75-0  ;  H  =  8-4  per  cent. 
A  determination  of   its  specific  rotation  in  ethyl  alcohol  gave  the 
result : 

1  =  2,  c  =  4-6375,  air  -7-81°,  [a]^'  -84-2°. 
Since  the  esters  in  question  are  saponified  exceedingly  slowly  by 
aqueous  alkalis,  the  measurements  described  were  conducted  with 
ethyl-alcoholic  solutions.  The  ester  was  dissolved  in  a  definite  volume 
of  ethyl  alcohol,  a  definite  volume  of  standard  ethyl-alcoholic  potassium 
hydroxide  was  then  added,  and  10  c.c.  of  the  reaction  mixture  with- 
drawn at  intervals.  This  amount  was  run  into  an  excess  of  standard 
aqueous  hydrochloric  acid  (25  c.c.)  and^the  amount  of  free  acid  then 
estimated  by  titration  against  standard  barium  hydroxide  with 
phenolphthalein  as  indicator. 

The  usual  precautions  as  to  constancy  of  temperature  were  main- 
tained throughout.  Befoi-e  mixing  the  ester  solution  and  the  alkali, 
both  were  adjusted  to  the  desired  temperature  in  a  thermostat  ;  after 
mixing,  10  c.c.  of  the  solution  were  immediately  withdrawn  and  run 
into  an  excess  of  standard  acid.  In  this  manner  the  initial  concentra- 
tion of  the  ester  in  the  solution   undergoing   saponification  was  deter- 
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mined.  The  final  concentration  of  the  ester  was  determined  by 
heating  10  c.c.  of  the  solution  under  a  reflux  condenser  for  one  hour, 
adding  standard  acid  and  estimating  the  amount  of  free  acid  as 
usual. 

Experiment  I. 

In  this  and  in  subsequent  experiments  : 

Column  a  =  time  in  minutes. 

„       6  =  c.c.  baryta  required  to  neutralise  excess  of  mineral 

acid. 
„       c  =  c.c.  acid  used  from  25  c.c, 
„       d  =  percentage  of  ester  saponified. 
r=27°;  HC1  =  003095  iV^  (10  c.c.  =  16-38  c.c.  baryta). 


\-Bornyl  \-mandelate. 


\-Bornyl  d-mandelate. 


a. 

b. 

c. 

d. 

a. 

b. 

c. 

d. 

0 

6-30 

21-15 

— 

0 

6-32 

21-14 



34 

9-85 

18-99 

37* 

36 

9-8-2 

19-00 

39* 

05 

14-00 

16-45 

81* 

106 

13-85 

16-54 

83* 

51 

14-75 

16-00 

89* 

151 

14-68 

16-04 

92* 

00 

15-76 

15-38 

100 

CO 

15-37 

15-62 

100 

/t  = 

=  26-1. 

EXPERIJ 

lENT  II. 

X-=27 

-8. 

5^=27°;  HC1  =  0-03374  .V(10  c.c.  =  17-85  c.c.  baryta). 
\-Bornyl  l-mand elate.  \-Bornyl  d-mandelate. 


a. 

b. 

c. 

d. 

a. 

b. 

c. 

d. 

0 

5-80 

21-75 

— 

0 

5-73 

21-79 

— 

18 

7-02 

21-07 

22 

19 

7-06 

21-04 

24 

38 

8-42 

20-28 

47* 

38 

8-50 

20-24 

50* 

59 

9-55 

19-65 

67* 

60 

9-50 

19-68 

68* 

80 

1000 

19-40 

75* 

81 

10-07 

19-36 

79* 

109 

10-50 

19-12 

84* 

109 

10-50 

19-12 

86* 

146 

10-90 

18-89 

91* 

146 

10-85 

18-92 

93* 

208 

11-00 

18-84 

93 

211 

10-90 

18-89 

94 

CO 

11-40 

18-61 

100 

00 

11-25 

18-70 

100 

k=^27-2. 


Experiment  III. 


T=27°;  HC1  =  0-U9  .V(10  c.c.  =  38-45  c.c.  baryta). 
\-Bornyl  i-mandelate.  \-Bornyl  d-mandelate. 


a. 

h. 

c. 

d. 

0 

16-23 

20-78 

— 

11 

17-65 

20-41 

40* 

23 

18-85 

20-10 

73* 

34 

19-30 

19-98 

86* 

00 

19-80 

19-85 

100 

a. 

b. 

c. 

d. 

0 

16-77 

20-64 

— 

11 

18-40 

20-21 

45 

23 

19-60 

19-90 

77 

34 

20-15 

19-76 

92 

CO 

20-45 

19-68 

100 

*  The  vahie  for  k  is  obtained  by  taking  the  mean  of  the  vaUies  ileduced  from  tlie 
experiments  denoted  by  an  asterisk. 
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Experiment  IV. 

r=27°;  HC1  =  0-149  iV^  (10  c.c.  =  38-45  c.c.  baryta). 

\-Bornyl  l-maoidelate.  \-Bornyl  d-mandelate. 


a. 

h. 

c. 

d. 

0 

18-83 

20-10 



9-5 

'20-07 

19-78 

33* 

18 

20-90 

19-56 

55* 

36 

21-95 

19-29 

84* 

00 

22-57 

19-13 

100 

GencM'ii]  mean:  k=l6'6. 
(Calculated  from  III  and  IV), 


a. 

b. 

c. 

d. 

0 

18-GO 

20-16 

— 

10 

20-05 

19-79 

36 

18 

21-07 

19-52 

62 

35-5 

22-03 

19-27 

86 

CO 

22-60 

19-12 

100 

General  mean  :  ^  =  19-2. 
(Calculated  from  III  and  IV). 


Experiment  V. 

T=iO'';  HC1  =  0-07725  iV^(lO  c.c.  =  19-93  c.c.  baryta). 

\-Bornyl  \-mandelate.  \-Bornyl  d-mandelcUe. 


0 

15-67 

17-14 

(I. 

4 

16  90 

16-52 

27* 

8 

18-20 

15-87 

56* 

12-5 

19-00 

15-47 

74* 

21-5 

19-77 

15-08 

91* 

31-5 

19-97 

14-98 

96 

00 

20-17 

14-88 

100 

A.-  =  81-2. 


a. 

b. 

c. 

d. 

0 

15-65 

17-15 

— 

4 

16-87 

16-54 

28 

8-5 

18-20 

15-87 

58 

12-5 

19  00 

15-47 

77 

21 

19-65 

15-14 

92 

29-5 

19-87 

15-03 

97 

CO 

20-00 

14-96 

100 

^-  =  84-9. 


Experiment  VI. 


T=27°;  HC1  =  003576  iV  (10  c.c.  =  7-60  c.c.  baryta). 
\-Menthyl  l-mandelate.  \-Menthyl  d-mandelate. 


a. 

b. 

c. 

d. 

a. 

b. 

c. 

d. 

0 

9-02 

13-13 



0 

9-05 

13-09 

— 

61 

9-40 

12-63 

19* 

58 

9-52 

12-47 

23* 

143 

9-95 

11-91 

46* 

141 

10-20 

11-58 

55* 

209 

10-33 

11-41 

64* 

205 

11-53 

11-14 

71* 

00 

11-05 

10-46 

100 

00 

11-13 

10-36 

100 

/t  = 

=  9-5. 

Ar  = 

=  12-3. 

Experiment  A'^ll. 

T=27°;  HC1  =  0-05411  lY  (10  c.c.  =  11-50  c.c.  baryta). 

\-Menthijl  \-viandelate.  \-Menthyl  d-mandelate. 


a 

b. 

c. 

d. 

a. 

h 

c. 

d. 

0 

13-78 

13-02 

— 

0 

13 

73 

13-06 

— 

71 

14-43 

12-45 

35* 

71 

14-63 

12-28 

42 

119 

14-85 

12-09 

56* 

116 

15 

05 

11-91 

62 

182 

15-23 

11-76 

75* 

180 

15 

40 

11-61 

78 

CO 

15-70 

11-35 

100 

00 

15 

87 

11-20 

100 

-?:=10-1.  h  =  Vl-l. 

*  The  value  for  k  is  obtained  by  taking  the  mean  of  the  values  deduced  from  the 
experiments  denoted  by  an  asterisk. 
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(t. 
0 

104 

ir.t) 

220 

00 


Experiment  VIII. 

r=27°;  HC1  =  0-05411  iV^(10  c.c.  =  11-50  c.c.  baryta). 

\-Menthyl  l-mandelate.  \-Me7ithyl  d-mandelate. 


c. 
15-31 
14-38 
1406 
13-87 
13  52 


d. 

52* 
70* 
80* 
100 


^  =  9-4. 


0 

10-2 
155 
218 


b. 

iris 

12-45 
12-85 
13-05 
13-32 


d. 

59* 

78" 
88* 
100 


/l-=:12-l. 


0 

41 

87 

145 

207 

324 


Experiment  IX. 
T=2r;  HC1  =  0-05411  1^(10  c.c.  =  11-45  c.c.  baryta). 


\-Menthyl  Vmandelate. 


-12 
-68 
-15 
■63 
-93 
•13 
-30 


d. 

25* 
47-' 
70* 
83* 
92* 
100 


/t  =  8-9. 


a. 

0 

40 

86 

145 

206 

324 


\-Menthyl  d-mandelafe. 


-20 
■00 
•50 
•83 
•06 
-26 
■35 


d. 

37* 
61* 
76* 
87* 
96* 
100 


i  =  12^0. 


Experiment  X. 
T=1V;  HC1  =  005411  TV^  (10  c.c.  =  11-45  c.c.  baryta). 


\-Menthyl  \-mandelate. 


Jc^-S-S. 


\-Menthyl  d-mandelate. 


a. 

h. 

c. 

d. 

a. 

b. 

c. 

d. 

0 

11-20 

15^22 

— 

0 

11-35 

15-09 



30 

11-75 

14-74 

14* 

30 

12-07 

14-46 

18* 

62 

12-43 

14-14 

32* 

62 

12-86 

13-77 

39* 

118 

13-45 

13-25 

59* 

118 

13-90 

12-86 

65* 

160 

13-95 

12-82 

72* 

166 

14-38 

12-44 

78* 

CO 

15^02 

11-88 

100 

00 

15-25 

11^68 

100 

/j=ll-l. 


*  The  value  for  k  is  obtained  hy  taking  the  mean  of  the  values  deduced  from  tiie 
experiments  denoted  by  an  asterisk. 
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a. 

0 

47 

68 

07 

125 

154 

201 

314 


Experiment  XT. 

T=2T;  HCl  =  0-03384  i\^  (10  c.c.  =  17-9  c.c.  baryta). 

VMenthyl  \-mandelate.  VMenthyl  d-mandelate. 


22-:?2 
21-59 
21-23 
20  75 
20-45 
20-17 
19-90 

19-37 


d. 

25* 
37* 
53* 
63* 
73* 
82* 
91* 
100 


/.•=10-6. 


0 

45-5 

66 

95 
124 
152 
199 
313 


•82 
-45 
•10 
•00 
-67 
-97 
■27 
-77 
-18 


30* 
43* 

59* 
72* 
77* 
83* 

92* 
100 


^  =  12-6. 


Experiment  XII. 
r=27°;  HC1  =  0-149  iV(10  c.c.  =  38-45  c.c.  baryta). 


\-Menlhyl  \-mandelate. 


^•  =  5•0. 


l-Menthyl  d-mandelate. 


a. 

b. 

c. 

d. 

a. 

h. 

c. 

d. 

0 

16-50 

20-71 

— 

0 

16-45 

20-72 

— 

12 

16-95 

20-59 

13 

12 

17-07 

20-56 

17 

22 

17-27 

20-51 

22* 

22-5 

17-90 

20-34 

40* 

34 

17-73 

20-39 

36* 

34 

18-30 

20-24 

50* 

46 

18-27 

20-25 

52* 

46 

18-80 

20-11 

64* 

58 

18-57 

20-17 

61* 

58-5 

19  07 

20-04 

71* 

71 

18-90 

20-08 

71* 

71 

19-30 

19-98 

77* 

96 

19-17 

20-01 

79* 

94 

19-50 

19-93 

82* 

00 

19-90 

19-82 

100 

CO 

20-13 

19-76 

100 

Z;=6-9. 


Experiment  XII  I. 
r=40°;  HC1  =  0-07725  X  {\0  c.c.  =  19-93  c.c.  baryta). 


l-Menthyl  \-mandelate. 


l-  =  2S-5. 


l-Menthyl  d-mandelate. 


a. 

b. 

c. 

d. 

a. 

b. 

c. 

d. 

0 

15-83 

17-06 

— 

0 

15-90 

17-02 

— 

7-5 

16  60 

16-67 

17 

8-5 

17-20 

16-37 

29 

15 

17-60 

16-17 

40* 

15-5 

18-17 

15-88 

50* 

22-5 

18-27 

15-83 

55* 

23-5 

18-90 

15-52 

66* 

30-5 

18-87 

15-53 

68* 

31 

19-30 

15-32 

75* 

42-5 

19-30 

15-32 

78* 

42-5 

19-73 

15-10 

84* 

65 

19-87 

15-03 

91* 

65-5 

20-15 

14-89 

93* 

87 

20-10 

14-91 

96 

87-5 

20-35 

14-79 

98 

CO 

20-30 

14-82 

100 

100 

20-45 

14-74 

100 

^•  =  35-6. 


*  The  value  for  k  is  obtained  by  taking  the  mean  of  the  values  deduced  from  the 
experiments  denoted  by  an  asterisk. 
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LXXIV. — The  Action  of  Ethyl  Oxalate  on  TJiioacetanilide 
and  its  Homologues. 

By    Siegfried    PcUhemann. 

The  study  of  the  behaviour  of  ethyl  oxalate  towards  acetanilide  and 
its  analogues  (see  Ruhemann,  Trans.,  1906,  89,  1236,  1847)  led  to  the 
knowledge  of  compounds  the  representative  of  which,  xanthoxalanil, 
has  the  formula 

__   .CO-CHg     CO-CO.   .^^, 

P^^<co.c=c-co>^^^- 

This  constitution  has  been  derived  not  only  from  the  mode  of 
formation  of  the  substance,  but  also  from  the  facb  that,  on  hydrolysis 
with  caustic  potash,  it  yields  dianilaconitic  acid  *  which  in  turn 
furnishes  aconitic  acid  on  treatment  with  hydrochloric  acid. 

The  results  of  this  investigation  have  induced  me  to  examine  the 
reaction  of  thioacetanilide  and  its  homologues  with  ethyl  oxalate,  and  I 
have  found  that  coloured  compounds  are  formed  which  in  composition 
differ  from  xanthoxalanil  and  its  analogues  only  inasmuch  as  two  of 
their  oxygen  atoms  are  replaced  by  sulphur.  The  substance  which  is 
produced  from  thioacetanilide,  therefoi^e,  has  the  formula 

This  fact  leads  to  the  conclusion  that  the  constitution  of  the  compound 
is  analogous  to  that  of  xanthoxalanil,  namely  : 

^,  ,,    .CS  -CH,       CO -co.   ,,^, 

^^N<co-6==6-cs>^^^' 

*  I  had  pointed  out  before  (Trans.,  1906,  89,  1850)  that  a  compound  with  this 
formula  lia'l  been  prepared  by  Michael  {Aincr.  C'hem.  J.,  -1887,  9,  192)  which,  in 
melting  point,  differed  by  about  10°  from  the  dianilaconitic  acid  obtained  by  me 
from  xanthoxalanil.  I  have  since  prepared  Michael's  substance  and  find  that  the 
yield  is  very  small,  although  the  aqueous  solution  of  the  dianiline  salt  of  aconitic 
acid  had  been  kept  for  more  than  four  weeks.  A  comparison  of  the  two  dianil- 
aconitic acids  has  established  the  fact  that  they  differ  not  only  ia  their  melting 
points,  but  also  in  their  behaviour  towards  concentrated  hydrochloric  acid  ;  this 
readily  dissolves  ilichael's  compound,  as  stated  already  by  this  chemist,  whereas  the 
other  is  insoluble. 
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and  accordingly  is  to  be  called  dithioxanthoxalanil.  Similar  formulae 
must  be  assigned  to  the  substances  which  are  formed  from  tlie 
homologues  of  thioacetanilide.  These  compounds  are  highly  coloured 
and  sparingly  soluble  in  most  solvents.  With  regard  to  their  colour  I 
have  noticed  that  they  show  similar  differences  from  the  corresponding 
compounds  derived  from  acetanilide  and  its  analogues,  dithioxanthox- 
alanil being  dark  brown,  whereas  its  homologues  have  a  lighter  shade. 
These  thio-derivatives  have  no  acidic  properties,  and  in  this  respect 
resemble  the  other  class  of  compounds ;  they  differ,  however,  from  the 
latter  in  their  great  stability  towards  alkalis.  Whilst  xanthoxalanil, 
on  digestion  with  dilute  caustic  potash,  is  readily  decomposed  and 
yields  dianilaconitic  acid,  dithioxanthoxalanil  does  not  suffer  a  similar 
change  under  tliese  conditions,  but  is  transformed  into  its  tautomeride. 
The  fact  that  this  substance  is  very  soluble  in  dilute  alkalis  as  well  as 
alkali  carbonates  points  to  the  formula  : 

^,  ^,    X'(SH):CH     CO-CO^,,^, 
PbN<^^^^^^^_^g>NPh. 

The  formation  of  this  compound  is  of  some  intei'est,  because  tautomeric 
forms  of  thioacetanilide  and  its  homologues  have  not  been  obtained  ; 
P.  Jacobson  {Ber.,  1888,  21,  2627),  indeed,  stated  that  thioaceto- 
^-naphthalide,  on  rapidly  cooling  its  alcoholic  solution,  crystallised  in 
needles  which  changed  into  plates  when  left  in  the  mother  liquor  for 
some  time,  but  both  kinds  of  crystals  melted  at  the  same  temperature. 
This  phenomenon  was  explained  by  the  assumption  that  the  different 
crystallographic  forms  corresponded  to  the  tautomerides, 
CioHy-NH-CS-CHa  and  CioH7N:C(SH)-CH3, 
but  experimental  proofs  in  support  of  this  view  have  not  been  brought 
forward. 

A  more  profound  change  in  dithioxanthoxalanil  takes  place  if  this 
compound  is  boiled  with  dilute  caustic  potash  for  several  hours,  when 
one  atom  of  sulphur  is  substituted  by  oxygen,  and  a  substance,  thio- 
xanthoxalanil,  is  formed  which,  a  priori,  may  be  represented  either  by 
the  formula 

XS-CHg     CO-CO. 


(1)  P'^N<co-6=6-co>^^'' "' 


^  '        ^co-c==c— CS^ 

The  fact,  however,  that  this  compound  dissolves  in  sodium  carbonate, 

whereas  xanthoxalanil,  which  contains  the  group  PhN<;[^        i .  ^,  is 

insoluble  in  this  agent,  points  to  the  formula  (1).  Similar  substances 
have  been  obtained  from  dithioxanthoxalo-/)-toluidil  and  dithio- 
xanthoxalo-y8-naphthylamil.      A    complete    decomposition    of    dithio- 
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xanthoxalanil  is  not  effected  until  it  is  boiled  with  concentrated 
(60 — 70  per  cent.)  aqueous  caustic  potash,  when  aniline  and  oxalic  acid 
are  produced. 

Of  especial  interest  is  the  action  of  reducing  agents  on  dithio- 
xanthoxalanil ;  it  has  been  shown  previously  {loc.  cit.)  that  xanthoxalo- 
xylidil,  CgiHgoOgNg  (this  compound  had  been  chosen  instead  of 
xanthoxalanil  on  account  of  its  solubility  in  glacial  acetic  acid), 
absorbs  6  atoms  of  hydrogen,  and  yields  a  colourless  substance  of  the 
formula  C9^H.2gO^N2.  Dithioxanthoxalanil,  however,  by  the  action  of 
zinc  dust  and  acetic  acid,  is  transformed  into  a  compound  which  has  the 
composition  C^QH^gOgNo,  indicating  that  the  sulphur  is  entirely 
replaced  by  hydrogen,  and  that  no  addition  of  hydrogen  takes  place. 
On  the  one  hand,  the  fact  that  the  substance  is  insoluble  in  cold 
alkalis  or  cold  alkali  carbonates,  on  the  other  that  it  is  almost  colour- 
less, leads  to  the  view  that  the  substitution  is  accompanied  by  a  change 
in  the  linking.  Its  formation  is  probably  to  be  interpi-eted  thus  : 
dithioxanthoxalanil  first  changes  into  its  tautomeride  : 
PtN<^(SH):CH     CO-CO 

^CO C=C— C8^  ' 

this  subsequently  is  transformed  into  : 

^, ,,  .ch:ch    CO-CO.  ,,„, 

P™<00-i==(^CH>^^'=' 

1     •      1         /^  11  .  1  1  -r^,     -i-r       ^CHo'CII  CO  CO^       -K-r-r^, 

which  finally  is  reduced  to  PhiSr<^       -M L  ^NPh. 

Experiments  are  in  progress  with  the  object  of  verifying  this  con- 
stitution, and  also  of  ascertaining  whether  the  conclusion  which  may 
be  di'awn  from  the  behaviour  of  dithioxanthoxalanil  with  regard  to 
the  structure  of  the  reduction  product  of  xanthoxalanil  is  correct. 
The  fact  that  the  group  'CO 'CO*  is  not  altered  in  the  course  of  the 
reduction  of  the  thio-compound  would  suggest  that  it  is  not  changed 
in  the  other  case,  and  that  the  compound  Cg^HggOgNg  is  accordingly 
to  be  represented  thus  : 

^CO CH — CH-CH(OH)^ 

The  reduction  product,  CgoH-^gOgNg,  of  dithioxanthoxalanil  is 
characterised  by  its  behaviour  towards  alkalis  or  alkali  carbonates. 
Although  these  reagents  have  no  effect  on  the  compound  at  the 
ordinary  temperature,  yet  on  boiling  they  transform  it  into  a  blue 
solid.  This  product  is  the  alkali  derivative  of  a  cherry-red  compound 
which  is  formed  on  adding  dilute  hydrochloric  acid  to  the  blue 
substance,  I  have  not  yet  been  able  to  complete  the  study  of  this 
red  compound  owing  to  the  small  yield  of  the  reduction  product 
CjQHjgOgN^,  but  there  seems  to  be  no  doubt  that  it  is  isomeric  with 
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the   latter   substance.     This   reaction   resembles   the   transformation 
which  the  yellow  product  of  the  i-eaction  between  acetylacetone  and 
phenylpropiolyl  chloride  suffers  under  the  influence  of  organic  bases  as 
well  as  sodium  carbonate,  and  which  yields  the  red  substance 
C(OH)-CO^ 

(Ruhemann  and  Merriman,  Trans.,  1905,  87,  1383).  This  also  forms 
blue  salts,  as  does  Claisen  and  Ewan's  oxalyldibenzyl  ketone  and 
triethyl  anhydro-oxalaconitate  (loc.  cit.). 

The  analogy  in  the  behaviour  of  these  substances  points  to  the  view 
that  the  red  compound  which  is  formed  from  the  reduction  product  of 
dithioxanthoxalanil  under  the  influence  of  alkalis  possesses  a  similar 
constitution.  It  differs  from  the  other  compounds  of  this  type  inas- 
much as  it  is  more  stable  both  towards  alkalis  and  alkali  carbonates. 


Experimental. 

nc.riTT       PO'f'O 
Dithioxanthoxalanil,  CgH5'ISr<^        i     '      '         ^N'CgHg. 

This  substance  is  prepared  by  adding  ethyl  oxalate  (20  grams)  to 
sodium  ethoxide  (9  grams)  suspended  in  dry  benzene  and  mixing  the 
solution  with  thioacetanilide  (20  grams)  dissolved  in  benzene.  After 
a  short  time  a  yellow  solid  separates  which  undoubtedly  is  the  sodium 
derivative  of  thioacetanilide.  This  disappears  in  the  course  of  several 
hours,  and  a  deep  i"ed  solution  is  formed  which,  on  standing  over- 
night, sets  to  a  semi-solid  mass  of  red  crystals.  These  have  not  been 
examined,  because  they  are  very  hygroscopic,  and  on  attempting  to 
collect  them  are  transformed  into  a  gelatinous  mass.  On  adding 
water  to  the  product  of  the  reaction,  the  solid  readily  dissolves, 
yielding  a  red  solution  which  is  separated  from  the  benzene  layer  and 
treated  with  an  excess  of  dilute  hydrochloric  acid ;  a  cloudiness  is 
produced  which  after  a  short  time  coalesces  into  a  red  solid.  The  pre- 
cipitate is  washed  with  water,  then  with  alcohol,  and  dried  in  the 
steam-oven.  The  original  aqueous  filtrate  and  the  dark  alcoholic 
washings  deposit  a  further  amount  of  the  substance  in  the  course  of  a 
few  days.  The  compound  is  insoluble  in  alcohol,  fairly  soluble  in  hot 
benzene,  and  very  sparingly  so  in  boiling  glacial  acetic  acid ;  5  grams 
require  more  than  1  litre  of  the  solvent  to  yield  a  deep  red  solution, 
from  which,  on  cooling,  beautiful,  brown  prisms  separate.  The  yield  of 
the  recrystallised  substance  amounts  to  about  50  per  cent,  of  the 
weight  of  thioacetanilide.  Dithioxanthoxalanil  has  no  definite  melting 
point ;  it  darkens  above  200°  and  decomposes  at  about  235°  with 
evolution  of  gas  : 
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0-1955  gave  0-4360  CO.2  and  0-0548  HgO.     C- 60-82  ;  H  =  3-ll. 

0-2396     „     14-8  c.c.  moist  nitrogen  at  17°  and  769  mm.     N  =  7-25. 

0-2395     „     0-2843  BaSO^.     S  =  16-30. 

C20H12O3N2S2  requires  C  =  61 -22;  H  =  3-06  3  N  =  7-14;  S  =  16-32 

per  cent. 

Dithioxanthoxalanil  is  not  attacked  by  hydrochloric  acid  even  on 
boiling ;  it  does  not  dissolve  in  either  sodium  carbonate  or  caustic 
potash  at  the  ordinary  temperature,  but  on  digesting  it  with  dilute 
alkalis  (15  per  cent.)  it  gradually  dissolves  and  is  ti'ansformed  into 

The  Isomeride  of  Dithioxanthoxalanil, 

CO — c = c— cs 

This  is  isolated  by  adding  dilute  hydrochloric  acid  to  the  yellow 
alkaline  solution,  when  it  is  precipitated  as  a  red  solid.  After 
being  washed  with  water,  it  is  dissolved  in  boiling  alcohol ;  the  solu- 
tion, on  cooling,  deposits  long,  red  needles  which  do  not  melt,  but 
decompose  at  about  195°  : 

0-2012  gave  0-4495  CO2  and  0-0569  H„0.     C  =  60-93 ;  H  =  3-14. 

0-1970     „     0-4420    „      „    0-0545      ],        C  =  61-19;  H  =  3-07. 

0-2302     „     14-4  c.c.  moist  nitrogen  at  18°  and  758  mm.     N  =  7-20. 

0-2105     „     0-2507  BaSO^.     S=  16-35. 
C2oHj203N2S2requiresC  =  61-22;  H  =  3-06;  N  =  7-14;  S=  16-32percent. 

The  isomeride  of  dithioxanthoxalanil  is  moderately  soluble  in  boiling 
alcohol,  more  readily  so  in  hot  glacial  acetic  acid  ;  it  dissolves  in 
caustic  potash  or  in  sodium  carbonate,  yielding  yellowish-red 
solutions. 

Thioxanthoxalanil,  PhN\   \^ 1 1 /*NPh. 

This  compound  is  formed  on  boiling  dithioxanthoxalanil  with  aqueous 
caustic  potash  (15 — 20  per  cent.)  in  a  flask  with  a  reflux  condenser. 
It  is  necessary  to  continue  the  heating  for  some  time.  The  transforma- 
tion is  complete  after  six  hours'  boiling,  otherwise  a  mixture  of 
thioxanthoxalanil  and  the  tautomeride  of  dithioxanthoxalanil  is  pro- 
duced. Their  separation  may  be  effected  by  means  of  boiling  alcohol, 
in  which  the  latter  substance  is  fairly  soluble,  whereas  thioxanthox- 
alanil is  almost  insoluble.  The  yellowish-red  solution,  when  treated 
with  hydrochloric  acid,  evolves  hydrogen  sulphide  and  yields  a 
gelatinous  precipitate  which,  after  being  washed  with  water^  is  dried 
on  porous  porcelain.  The  substance  dissolves  in  a  large  quantity  of 
boiling  glacial  acetic  acid,  and,  on  cooling,  crystallises  in  shiny,  orange 
plates  which  melt  and  decompose  at  216 — 218°  : 

VOL,   XCI.  3   H 
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0-2053  gave  0-4797  COg  and  0-0603  HgO.     C  =  63-72  ;  H  =  3-26. 
0-2062     ,,     13-6C.C.  moist  nitrogen  at  18°  and  746-5  mm.     N  =  7-48. 
0-2460     „     0-1510  BaSO^.     S  =  8-43. 
C20H12O4N2S  requires  C  =  63-83  ;  H  =  3-19  3  N  =  7-44  ;  S  =  851  per  cent. 

Thioxanthoxalanil  dissolves  in  aqueous  sodium  carbonate  on  warm- 
ing to  yield  a  pale  yellow  solution,  but  it  is  insoluble  in  concentrated 
hydrochloric  acid  even  on  boiling. 

The  formation  of  this  substance  is  not  accompanied  by  the  production 
of  aniline  and  oxalic  acid,  and  this  fact  indicates  that  a  complete 
decomposition  is  not  effected  by  the  dilute  alkali ;  this  does  not  take 
place  until  dithioxanthoxalanil  is  boiled  with  concentrated  (about 
75  per  cent.)  aqueous  caustic  potash.  The  brown  crystals  first  dis- 
solve, yielding  a  red  solution  which  shortly  deposits  a  yellow  solid ; 
this  afterwards  disappears,  and  a  green  liquid  is  produced  which 
retains  an  oil  in  suspension.  After  one  hour's  heating,  the  px-oduct 
of  the  reaction  is  agitated  with  ether ;  this  extracts  an  oil  which  has 
been  recognised  as  aniline.  The  alkaline  layer  gives  with  dilute 
hydrochloric  acid  a  gelatinous  precipitate  which  dissolves  in  ether  and, 
on  removal  of  the  solvent,  is  left  behind  as  a  green  resin.  The 
remaining  acid  solution  contains  oxalic  acid. 

Dithioxanthoxalo-'p-toluidil, 
(rtCH,-C,H,.N<°^;9?^^"^^0>N.O„H.-CH3(;,). 

Thioaceto-jo-toluidide,  which  had  been  prepared  according  to  Jacob- 
son  and  i«[ey's  directions  (^Ber.,  1889,  22,  906),  is  not  so  readily 
soluble  in  benzene  as  thioacetanilide.  On  adding  this  substance 
(33  grams),  dissolved  in  hot  benzene,  to  the  solution  which  is  formed 
by  mixing  dry  sodium  ethoxide  (13-6  grams)  suspended  in  benzene, 
and  ethyl  oxalate  (29-5  grams),  a  precipitate  is  formed  in  this  case 
also  ;  this  dissolves  after  several  hours,  yielding  a  deep  red  solution 
which,  however,  on  standing  overnight,  does  not  deposit  a  solid.  It  is 
agitated  with  water,  and  the  aqueous  layer  is  treated  with  an  excess 
of  hydrochloric  acid,  when  a  cloudiness  is  produced  which,  after  a 
short  time,  coalesces  into  a  red  solid ;  this  dissolves  in  much  boiling 
glacial  acetic  acid,  and,  on  cooling,  crystallises  in  bunches  of  dark  red 
needles  which  are  paler  in  colour  than  dithioxanthoxalanil.  The 
substance  melts  and  decomposes  at  about  248°  : 

0-2020  gave  0-4645  CO.^  and  0-0708  H.O.     C  =  62-71  ;  H  =  3-89. 

0-2080  „  11-6  c.c.  moist  nitrogen  at  16°  and  775  mm.  ^  =  6-63. 
C22Hig03N2S2  requires  0  =  62-85  ;  H  =  3-81  ;  N  =  6-67  per  cent. 
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Thioxanthoxcdo-'^-toluidil, 

Dithioxanthoxalo-/)-toluidil  dissolves  in  dilute  aqueous  caustic  potash, 
but  not  so  readily  as  dithioxanthoxalanil ;  it  yields  a  dark  red  solution 
which,  on  treatment  with  hydrochloric  acid,  forms  a  red  precipitate, 
and  at  the  same  time  hydrogen  sulphide  is  evolved.  This  indicates 
that  the  formation  of  the  isomeride  of  the  dithio-derivative  is 
accompanied  by  the  production  of  thioxanthoxalo-T^-toluidil.  This 
conclusion  is  corroborated  by  the  fact  that  the  red  precipitate  is  a 
mixture.  I  have  not  been  able  to  separate  it,  and  on  analysis  of  the 
product,  which  had  been  recrystallised  from  alcohol,  the  following 
results  were  obtained  : 

0-2004  gave  0-4683  CO2  and  0-0725  HgO.     0  =  63-73;  H  =  4-01; 
which  lie  between  the  numbers  required  for  the  two  substances  : 
C22Hjg03jSI'2S2  requires  C  =  62-85  ;  H=  3-81, 
CggHigO^NgS         „        0  =  65-34;  H  =  3-96  percent. 

In  order  to  prepare  thioxanthoxalo-^^-toluidil  in  a  pure  state,  the 
dithio-compound  is  boiled  with  an  excess  of  caustic  potash  (15 — 20 
per  cent.)  for  five  to  six  hours;  the  alkaline  solution,  when  cold,  is 
mixed  with  dilute  hydrochloric  acid,  when  hydrogen  sulphide  is 
evolved  and  a  yellow  solid  is  precipitated.  This,  after  being  washed 
with  water,  is  dried  on  a  porous  plate  and  then  dissolved  in  boiling 
alcohol,  in  which  it  is  only  sparingly  soluble ;  on  cooling,  shiny, 
orange  plates  separate  which  are  paler  in  colour  than  the 
corresponding  thioxanthoxalanil,  and  melt  at  226 — 228*^  with 
decomposition  : 

0-2018  gave  0-4815  OOg  and  00722  H2O.     0  =  65-07  ;  H  =  397. 
O22H1CO4N2S  requires  0  =  65-34";  H  =  3-96  per  cent. 
This  substance,  like  thioxanthoxalanil,  readily  dissolves  in  alkalis  as 
well  as  alkali  carbonates. 

D{th{oxa7ithoxalo-m.-xi/Udil. 
(1  :3)(OH3)2-0,H3(4)N<^;^,^_:_i,_^g>i^(4)-G,H,(OH,)2(l  :3). 

The  solution  which  is  formed  on  adding  ethyl  oxalate  (11  grams)  to 
sodium  ethoxide  (5  grams),  suspended  in  benzene,  when  mixed  with 
thioaceto-m-xylidide  (13  grams)  dissolved  in  benzene  (it  is  readily 
soluble  in  this  solvent),  yields  a  precipitate  which  disappears  in  the 
course  of  a  day,  forming  a  dark  red  solution.      This  does  not  depo>it  a 

8  H  2 
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solid,  but  on  treating  the  a'jueous  extract  with  hydrochloric  acid  an 
oily  product  is  precipitated  which,  on  standing,  sets  to  a  dark  brown 
solid.  This  is  more  soluble  in  boiling  glacial  acetic  acid  than  the 
former  dithio-derivative,  and,  on  cooling,  crystallises  in  brick-red, 
prismatic  plates  which  soften  at  225°  and  melt  at  about  235°  with 
decomposition  : 

0-2002  gave  0-4710  COg  and  0-0820  HgO.     C  =  64-16;  H  =  4-55. 

0-2270     „      12-2  c.c.  moist  nitrogen  at  15°  and  773  mm.    N-6-40. 

0-2587     „      0-2722  BaSO^.     S=  14-45. 

C24H20O3N2S2  requires  0  =  64-28;  H  =  4-46;  N  =  6-25;  S  =  14-29 

per  cent. 

Dithioxanthoxalo-^-naphthylamil, 

This  substance  is  formed  in  the  same  way  as  the  former  dithio-com- 
pound,  using  /3-naphthylthioacetamide.  In  order  to  dissolve  the  amide, 
a  large  quantity  of  hot  benzene  is  required ;  the  precipitate  ob- 
tained on  adding  this  solution  to  the  mixture  of  sodium  ethoxide 
and  ethyl  oxalate  gradually  dissolves,  and  the  solution,  in  the  course 
of  a  day,  deposits  a  red  solid  which  is  soluble  in  water.  On  adding 
hydrochloric  acid  to  the  aqueous  layer,  a  red  precipitate  is  formed  which 
is  insoluble  in  alcohol  or  glacial  acetic  acid,  but  dissolves  in  boiling 
nitrobenzene  and,  on  cooling,  crystallises  in  small  red  needles.  These 
are  separated  from  the  dark  coloured  mother  liquor  by  filtration 
and  frequently  washed  with  boiling  alcohol.  The  substance  does 
not  melt,  but  begins  to  darken  at  about  250°  and  finally  turns 
black  : 

0-2020  gave  0-5065  CO2  and  0-0625  HoO.     C  =  68-38  ;  H  =  3-43. 

0-2123     „      10-4  c.c.  moist  nitrogen  at  19°  and  770  mm.    N  =  5-70 
CggHigOgNgS^  requires  C  =  68-29  ;  H  =  3-25;  N  =  5-69  per  cent. 

This  compound  reacts  with  caustic  potash  in  the  same  way  as  the 
dithio-derivatives.  On  boiling  with-  the  alkali  (15  per  cent.),  it 
dissolves  with  the  exception  of  a  small  quantity  of  a  black  solid ; 
the  dark  colour  of  the  solution  then  changes  to  yellowish-red.  After 
four  houi-s'  heating,  the  solution  is  poured  off  from  the  solid  which 
adheres  to  the  sides  of  the  flask  and  treated  with  dilute  hydrochloric 
acid,  when  hydrogen  sulphide  is  evolved  and  a  red  precipitate  is  formed. 
This  is  insoluble  in  alcohol  or  glacial  acetic  acid ;  it  dissolves  in 
boiling  nitrobenzene,  but  is  decomposed  at  the  same  time,  and  the 
solution,  on  cooling,  does  not  deposit  any  solid.  I  have  not  analysed 
this  substance,  but  there  cannot  be  any  doubt  that  it  is  thioxanthoxalo- 
j8-naphthylamil. 
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Reduction  of  Dithioxanthoxalanil, 

The  dark  red  solution  of  dithioxanthoxalanil  in  glacial  acetic  acid  is 
rapidly  decolorised  by  zinc  dust.  Instead  of  bringing  the  dithio- 
compound  into  solution,  which  requires  a  considerable  volume  of  the 
solvent,  it  is  more  convenient  to  boil  the  substance  (8  grams)  with  a 
smaller  quantity  of  glacial  acetic  acid  (about  500  c.c),  and  to  add 
gradually  an  excess  of  zinc  dust  to  the  suspension,  when  in  a  few 
minutes  the  action  is  complete.  The  product  is  filtered  while  hot 
through  asbestos,  and  the  residue  again  extracted  with  acetic  acid. 
The  filtrate,  which  has  a  pale  yellow  colour,  cannot  be  concentrated 
by  distillation  of  the  acid,  because  it  turns  red ;  it  is  therefore  mixed 
with  water,  when  a  gelatinous  substance  is  precipitated.  This  is  washed 
with  water,  dried  on  a  porous  plate,  and  dissolved  in  boiling  glacial 
acetic  acid  ;  the  solution,  on  cooling,  deposits  grey,  shiny  plates 
which  do  not  melt,  but  begin  to  darken  at  about  240°  and  finally  turn 
black  : 

0-2015  gave  0-5330  CO2  and  0-0885  H2O.     0  =  72-14;  H  =  4-88. 
0-2160     „     15-8  c.c.  moist  nitrogen  at  18°  and  768  mm.     N  =  8-53. 
CgoHigOgNg  requires  C  =  72-30  ;  H  =  4-82  ;  N  =  8-43  per  cent. 

The  substance  is  insoluble  in  benzene,  sparingly  soluble  in  hot 
alcohol,  more  readily  so,  however,  in  boiling  glacial  acetic  acid.  Its 
constitution,  as  stated  before  (p.  799),  is  probably  to  be  represented 
thus  : 

^,  ,,   .CH.-CH  CO— CO^  ,,^, 

Pi^^<C0-y-6H.0H>^^^- 

A  similar  compound  is  formed  from  dithioxanthoxalo-^toluidil, 
which  crystallises  from  glacial  acetic  acid  in  nearly  colourless  prisms, 
and  on  heating  behaves  like  the  former  substance.  The  yield  in  both 
cases  is  very  small. 

The  compound,  02oIIjg03N2,  which  is  produced  on  reduction  of 
dithioxanthoxalanil  (and  the  corresponding  substance  obtained  from 
the  homologue  of  the  dithio-derivative)  is  not  soluble  either  in  sodium 
carbonate  or  caustic  soda  at  the  ordinary  temperature,  but  on  boiling 
with  these  reagents  yields  a  blue  substance ;  this,  in  the  presence  of 
alkali,  is  sparingly  soluble  in  water ;  it  dissolves,  however,  fairly 
readily  when  the  alkali  has  been  washed  away.  The  blue  solid  and  its 
solution,  on  treatment  with  hydrochloric  acid,  turn  red,  and  yield  a 
compound  which  by  alkalis  is  transformed  back  again  into  its  blue 
salts.  The  red  substance  is  insoluble  in  alcohol  or  glacial  acetic  acid, 
but  dissolves  in  hot  nitrobenzene,  and  on  cooling  separates  in  reddish- 
brown  crystals.     The  small  yield  of  the  reduction  product  of  dithio- 
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xanthoxalanil  has  prevented  me  from  studying  more  closely  the 
remarkable  transformation  it  undergoes  when  treated  with  alkalis, 
but  I  am  continuing  this  investigation  in  order  to  prove  the  relation 
of  the  substance  which  is  thus  formed  to  the  compounds  with  similar 
properties. 

GONVILLE   AND    CAIUS    CoLLEGK, 

Cambridge. 


LXXV. — The     Magnetic       Rotation     of     Hexatfiene, 
CHalCH'CHlCH'CHiCHo,   and  its   Relationship    to 

Benzene    arid    other   Aromatic    Compounds :    also 
its  Refractive  Poiver.^ 

By  Sir  William  Henry  Perkin. 

In  a  paper  on  magnetic  rotatory  j^ower,  especially  of  aromatic  com- 
pounds (Trans.,  1896,  69,  1025),  attention  is  repeatedly  drawn  to  the 
very  high  rotations  of  aromatic  compounds,  and  the  difficulty  of  finding 
a  satisfactory  explanation  of  these  abnormally  high  values  is  especially 
emphasised.  That  the  values  for  aromatic  compounds  should  be  much 
higher  than  those  of  aliphatic  saturated  compounds  was  to  be  expected, 
because  rotations  increase  for  every  unsaturated  grouping  which  the 
substance  contains,  but  that  they  should  be  so  abnormally  high  as 
they  have  been  found  to  be,  admitted,  at  that  time,  of  no  satisfactory 
explanation.  The  examination  of  hexylene,  diallyl,  and  dipropargyl 
showed  that  their  magnetic  rotations  appeared  to  be  about  normal,  and 
the  value  for  each  unsaturated  grouping  rose  only  slightly  as  the 
number  of  these  groupings  increased  (Trans.,  1895,  67,  255  t).  The 
two  acetylene  groupings  in  dipropargyl,  CHiC'CHg'CHg'CiCH,  also 
seemed  to  act  like  four  ordinary  unsaturated  groups,  but  when 
dipropargyl  was  compared  with  its  isomeride  benzene,  a  very  striking 
difference  in  rotation  was  observed,  the  value  for  dipropargyl  (10'435) 
being  much  lower  than  that  of  benzene  (11-284).  It  was  supposed  at 
the  time  that  this  difference  was  due,  in  some  way,  to  the  ring  forma- 
tion of  benzene. 

*  Compare  J.  W.  Bruhl  (Traus.,  1907,  91,  115,  and  Ber.  1907,  40,  878). 

t  Griner  {Ann.  Chim.  Phys.,  1892,  [vi],  26,  323,  346)  has  showu  that  diallyl  aud 
dipropargyl  as  ordinarily  prepared  are  not  pure  products,  but  contain  small  quantities 
of  isomeric  hydrocarbons,  so  that  the  true  magnetic  rotations  of  the  pure  substances 
may  be  found  to  differ  to  some  slight  extent  from  those  given  in  this  paper. 
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That  this  was  the  chief  reason  became,  however,  very  doubtful  when 
the  remarkable  observation  was  made  that  c?-A*'^'^'-^-menthadiene, 

CHMe<^'gj-?„H^C-C<CH., 

which  contains  two  unsaturated  groupings  in  conjunction,  yielded 
abnormally  high'numbers  for  the  magnetic  rotation  (Trans.,  1906,  89, 
854).  This  result  seemed  to  point  to  the  possibility  that  the  high 
rotations  of  benzene  derivatives  and  other  substances  containing 
unsaturated  groups  in  conjunction  was,  in  fact,  chiefly  due  to  the 
presence  of  these  groups. 

In  order  to  test  this  supposition,  it  seemed  very  desirable,  in  the 
first  place,  to  examine  some  open  chain  compounds  in  order  that  the 
effect  of  association  might  be  determined  without  any  disturbing 
influence  due  to  ring  formation.  Fortunately  this  was  rendered 
possible  by  the  discovery  of  P.  van  Romburgh  and  W.  van  Dorssen 
{Proc.  K.  Akad.  Wetensch.,  Amsterdam,  1905,  8,  565)  of  hexatriene, 
CH,ICH*CHICII'CHICH2,  which  contains  three  contiguous  unsaturated 
groups,  and  I  have  to  thank  these  gentlemen  for  their  kindness  in 
placing  about  25  c.c.  of  this  rare  substance  at  my  disposal  for  the 
pvirpose  of  examination.  Two  separate  determinations  of  the  magnetic 
rotation  of  the  freshly  fractionated  hydrocarbon  were  made  and  these 
gave  concordant  results,  the  average  value  being  12*196.  This  is  a 
remarkably  high  number,  higher  indeed  than  that  of  benzene  itself 
(11"284),  from  which  hexatriene  only  differs  in  containing  2  atoms  of 
hydrogen  more. 

The  difference  in  the  formulae  of  hexatriene  and  benzene  is  simply 
the  difference  of  ring  formation  due  to  the  loss  of  two  atoms  of 
hydrogen,  and  is  exactly  the  same  as  the  difference  between  hexane 
and  hexamethylene ;  the  latter  value  has  been  determined  experi- 
mentally and  found  to  be  0-982  (Trans.,  1902,  81,  295). 

If  we  subtract  this  difference  from  hexatriene,  we  obtain  a  value  for 
the  magnetic  rotation  of  benzene  based  on  the  assumption  that  benzene 
contains  three  unsaturated  groupings. 

Magnetic  rotation  of  hexatriene 12'196 

Difference  for  rincf  formation     0*982 


Calculated  rotation  of  benzene 11*214 

It  is  interesting  to  note  that  this  number  is  practically  identical 
with  that  actually  found  for  the  rotation  of  benzene  (11*284),  and  this 
fact  seems  to  point  to  two  important  conclusions,  namely,  that  benzene 
contains  three  contiguous  unsaturated  groupings  (Kekule's  formula), 
and  secondly  that  these  have  substantially  the  same  value  as  in  the 
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case  of  open  chain  compounds.  Another  set  of  comparisons  which 
point  in  the  same  direction  is  the  following  : 

Hexatriene 12-196  Benzene 11-284 

Hexane  6'646  Hexamethylene . .       5"664 

Difference  5-550  Difference 5-620 

These  comparisons  of  such  widely  differing  substances  are,  moreover, 
interesting  for  another  reason,  namely,  because  the  difference  (5-6 
approx.)  gives  us  a  reliable  value  for  the  association  of  three  double 
linkings.*  In  this  connexion,  the  following  comparisons  of  hexatriene, 
CH2:CH'CH:CH-CH:CH2,  and  diallyl,  CHg'.CH-CHa-CHg-CHICHa, 
serve  to  show  the  remarkable  effect  which  is  produced  when  two  un- 
saturated groups  become  united  by  means  of  a  third.  In  the  formula 
for  diallyl,  there  are  two  unsaturated  groups  separated  by  •CHg'CH^*; 
in  hexatriene  this  intermediate  group  is  displaced  by  'CHICH*,  a 
displacement  which,  in  ordinary  circumstances,  would  cause  a  rise 
of  rotation  of  about  O'TSO.  The  actual  determinations  gave,  however, 
the  following  figures  : 

Hexatriene 12-196 

Diallyl 8-420 

Difference    3  776 

and  it  is  seen  that  the  rise  in  rotation  is  about  three  whole  numbers 
more  than  would  have  been  the  case  had  the  unsaturated  groupings 
not  been  associated. 

In  making  some  attempt  to  estimate  approximately  the  effect  of 
association  in  connexion  with  unsaturated  groupings,  the  following 
points  are  woi-thy  of  consideration. 

cZ-A^^^^'-^j-Menthadiene  and  cZ-limonene, 

CHMe<gg;-°H>C-C<CH.   and  CMe<'^^-°^^^CR-C<^^^'-, 

both  contain  two  unsaturated  groupings,  and  are  exactly  similarly 
constituted,  with  the  exception  that  in  cZ-menthadiene  the  two  un- 
saturated groupings  are  associated,  whereas  in  c?-limonene  they  are 
separated  by  the  group  'CHg'CHg'.  The  difference  in  the  observed 
rotations  of  these  two  terpenes  is  1-815,  or  0-907  for  each  associated 

*  By  the  value  for  an  associated  double  linking  is  understood  the  number  which 
represents  the  conversion  of  the  group  'CHa'Ctio*  into  an  associated  double  linking 
•CH:CH*.  The  actual  effect  due  to  association  would  be  obtained  by  subtracting 
from  this  the  value  for  unsaturation  (that  is,  the  value  obtained  when  the  gi'oup 
•CH2'CH2*  is  converted  into  an  ordinary  unsaturated  group). 
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unsaturated   group,  as  seen  from  the  following  comparison   of  their 
respective  rotations  : 

c^-A^-sW-jo-Menthadiene    13-061 

(i-Limonene 11  '246 


2)1-815 


o-yo7 


If  0-730  (the  ordinai'y  value  for  unsatui^ation)  is  added  to  this,  we 
obtain  1'637  as  the  rise  in  rotation  due  to  the  conversion  of  a 
group,  •CHg'CHg*,  into  an  associated  double  linking,  •CHiCH*.  It  is 
interesting  to  note  that  this  value  is  considerably  less  than  that 
observed  in  the  case  of  three  associated  double  linkings,  because,  if 
the  difference  between  hexatriene  and  hexane  (namely,  5-550,  see 
above)  is  divided  by  three,  we  obtain  1-85  as  the  value  for  each  of 
the  three  double  linkings  in  hexatriene. 

In  the  case  of  cZ-A^^'^^'-^j-menthadiene,  we  have  the  interesting  con- 
dition that  one  of  the  associated  double  linkings  is  situated  within 
whilst  the  other  is  outside  the  ring,  and  it  is  evident  that  in  these 
circumstances  there  is  a  similar  rise  in  value  to  that  observed  when 
both  associated  linkings  are  inside  or  outside  a  ring,  although  there 
may,  of  course,  be  some  slight  difference  in  the  amount  of  the  rise. 

The  only  case  of  the  association  of  two  unsaturated  groupings 
within  the  ring  which  has  been  directly  measured  is  the  case  of 
A^  -^-dihydrobenzene, 

(Crossley,  Trans.,  1904,  85, 1418),  which  was  found  to  have  a  rotation 
of  8-093,  If  the  value  for  hexamethylene  (5-664)  is  deducted  from 
this,  we  obtain  2*429  as  the  value  of  the  two  associated  double  linkings 
or  1*218  for  each,  and  this  is  perhaps  a  rather  smaller  value  than  might 
have  been  expected.  No  open  chain  compound  has,  so  far,  been 
measured  which  contains  two  associated  double  linkings,  but  a  substance 
of  this  type  is  in  the  course  of  preparation,  and  the  determination  of 
its  magnetic  rotation  should  yield  very  interesting  results. 

In  comparing  cZ-A'^^'^'-p-menthadiene  with  hexatriene  it  was 
indicated  that  rotation  rises  in  a  remarkable  manner  as  the  number  of 
associated  double  linkings  in  the  molecule  increases,  and  that  this  rise 
quickly  becomes  enormous  may  be  shown  from  the  following  considera- 
tions.    Styrene, 

CH<gg:g|>C-CH:CH„ 

is  benzene  to  which  an  associated  double  linking  has  been  added,  and 
the  effect  of  this  addition  may  be  estimated  as  follows. 
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When  styrene  is  compai-ed  with  ethylbenzene,  it  is  clear  that  the 
former  is  derived  from  the  latter  by  the  conversion  of  the  group 
•CH^'CHg*  into  the  associated  double  linking  •CHICHg. 

If,  then,  we  deduct  the  rotation  of  ethylbenzene  (13'382)  fi^om  that 
of  styrene  (16*041)  we  obtain  the  high  figure  2'659  as  the  result  of 
this  change.  This  number  does  not,  of  course,  represent  the  value  of 
the  additional  associated  double  linking ;  it  is  obviously  the  increase 
in  value  of  the  three  double  linkings  contained  in  benzene  by  associa- 
tion with  a  fourth.  It  has  already  been  pointed  out  that  the  three 
associated  double  linkings  in  benzene  have  a  value  of  5  620  or 
1*87  for  each,  and  therefore  the  value  of  the  four  associated 
double  linkings  in  styrene  may  be  calculated  as  8*279  (5"620  + 
2'659)  or  2*07  for  each.  Clearly  then  there  has  been  a  consider- 
able rise  in  the  value  for  each  associated  linking  in  passing  from 
a  compound  containing  three  to  one  containing  four  such  linkings.  If 
the  molecule  contains  still  more  associated  double  linkings,  the  rise  in 
rotation  increases  enormously  with  the  number  of  such  linkings  and, 
in  this  connexion,  the  case  of  stilbene, 

CH<^^:^JJ>C-CH:CH-C<gg:^g>CH 

which  contains  seven  associated  double  linkings,  is  worthy  of  special 
attention.  The  rotation  of  stilbene  is  33 •  143,  and  if  from  this  we 
deduct  the  rotation  of  dibenzyl,  24'997,  we  obtain  8*146  as  the  result 
of  introducing  the  seventh  associated  double  linking.  The  total  rise 
in  rotation  due  to  the  seven  double  linkings  is  therefore  19  "386 
(8*146  + 11*240  from  two  benzene  rings)  or  about  2*77  for  each. 

Another  interesting  case  is  that  of  naphthalene,  the  enormous 
rotation  of  which  is  probably  of  a  similar  kind  to  that  suggested  in 
considering  the  other  cases  mentioned  above.  If  naphthalene  is 
represented  by  the  formula 

CH  C  CH 

I  II  I 

CH         C  CH 

^CH^^CH^ 

it  contains  five  associated  double  linkings,  and  is  derived  from  benzene 
by  the  addition  of  two  such  linkings.  The  rotation  of  naphthalene  is 
25*125,  and  if  the  value  of  benzene,  -  2H,  10*776,  is  deducted  from 
this  we  obtain  the  enormous  value  14*349  for  the  introduction  of  the 
grouping  •CHICH'CHICH*.  The  actual  value  of  each  of  the  five 
associated  double  linkings  in  naphthalene  may  be  roughly  calcu- 
lated thus.  The  rotation  of  hexamethylene  is  5*664  and  two- 
thirds  of  this,  or  3*776,  represents  the  value  of  'CHg'CHg'CHg'CHg* 
in  the  ring. 
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The  value  for  decahydronaphthalene, 


CHg  Cilg 


CH„  CH    CH„ 

I       2      I  I       2 

CH,  CH    CH, 


CH2  CHg 

calculated  ou  this  basis  is  therefore 

Hexametliylene  -  2H  5"156 

•CHg-OH^-CHa-CHa     3-776 

Decahydronaphthalene 8'932 

If  this  is  deducted  from  the  rotation  of  naphthalene  (25 '125)  we 
obtain  16  "193  as  the  value  for  five  associated  double  linkings  or  3*24 
for  each  of  these.  One  of  the  most  interesting  examples  of  the  rise 
due  to  association  is  brought  to  light  when  a  comparison  is  made 
between  the  rotations  of  benzene  and  diphenyl.  Diphenyl  is  produced 
when  2  molecules  of  benzene  unite  with  the  loss  of  2  atoms  of 
hydrogen.  The  rotation  of  diphenyl  is  25 '304,  and  if  from  this  we 
deduct  the  value  of  2  molecules  of  benzene  less  2  atoms  of  hydrogen, 
22*060,  we  have  a  rise  of  rotation  of  3"244,  which  can  only  be  due  to 
the  association  of  the  two  sets  of  three  double  linkings  which  is  brought 
about  when  the  two  phenyl  groups  combine. 

In  other  words,  the  value  of  each  of  the  three  double  linkings  in 
benzene  has  risen  from  1'87  to  2*41  in  diphenyl  simply  as  the  result 
of  causing  the  two  sets  of  thi-ee  to  combine  and  become  six. 

Leaving  out  the  case  of  naphthalene,  which  is  not  quite  comparable, 
the  above  deductions  may  be  conveniently  summarised  and  we  then 
obtain  a  clear  representation  of  the  remarkable  fact  that  rise  of 
rotation  due  to  association  increases  more  or  less  uniformly  with  the 
number  of  associated  linkings  contained  in  the  molecule. 

In  dihydrobenzene,  two  associated  double  linkings  have  a  value  of 
1'22  each  3  in  benzene,  three  have  the  value  of   1"87  each;  in  styrene, 
four  have  the  value  of  2*07  each  ;  in  diphenyl  six  have  the  value  of 
2'61  each,  and  in  stilbene,  seven  have  the  value  of  2*77  each. 

In  my  paper  on  "  The  Magnetic  Rotatory  Power  of  Aromatic 
Compounds"  (Traus.,  1896,  69,  1161)  attention  was  repeatedly  called 
to  the  "  screeniog  "  effect  which  is  observed  when  a  group  enters  the 
molecule  in  such  a  way  as  to  prevent  double  linkings  from  becoming 
associated.  The  value  of  CgH^*  in  benzene  is  11*03  ;  when  two  of 
these  groups  are  united,  in  diphenylmethane,  by  a  •CH^*  group^  the 
value  of  each,  CgH^'  rises  to  11*411. 

When,    however,    the    intervening    'CHg*    in   diphenylmethane    is 
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removed,  so  that  the  two  phenyl  groups  come  into  direct  union,  the 
influence  of  each  CgHg*  group  rises  to  12-657. 

It  seems  therefore  that  when  the  associated  double  linkings  are 
screened  by  "CHn*,  they  still  exert  a  certain  although  comparatively 
slight  influence  on  the  rotation  of  the  molecule.  When  the  screening 
group  contains  oxygen,  the  effect  is  still  more  marked,  as  is  evident 
from  the  consideration  of  the  two  following  cases.  In  allyl  benzoate, 
CHoICH-CHg-CO./C^jH.^,  the  screening  effect  of  the  group  -CHg-COa' 
is  so  pronounced  that  the  group  CHglCH*  is  scarcely  influenced  by 
the  presence  of  the  phenyl  group  and  has  an  almost  normal  value,  and 
again  in  the  case  of  phenyl  allyl  ether,  CgH^'O'CH^'CHICHg,  the 
group  'O'CHg*  greatly  minimises  the  effect  of  the  phenyl  group  on 
the  unsaturated  grouping  •CHICHg'  (Trans,,  1896,  69,  1141). 

Attention  had  previously  been  called  (Trans.,  1896,  69,  1095,  1098, 
1162)  to  the  very  remarkable  difference  which  had  been  observed  in 
the  influence  of  the  'NOo,  NHg,  and  -NMeo  groups,  when  introduced 
into  the  benzene  nucleus.  The  NOg  group,  in  which  nitrogen  is 
quinquevalent,  causes  a  diminution  in  the  rotation  of  benzene,  whereas 
the  NHg  and  NMeg  groups  with  tervalent  nitrogen  raise  the  rotation 
to  an  extraordinary  extent,  as  the  following  comparisons  show  : 

Mag.  rot.  Maf(.  rot. 

Nitrobenzene  9-361  Aniline 16076 

Benzene  11-284  Benzene    11-284 


Difference   -1-923  Difference +4-792 

The  cases  of  dimethylaniline  (22-888)  and  dimethyl-;8-naphthylamine 
(47-377)  are  even  more  remarkable,  because  in  the  first  instance  the 
introduction  of  the  'NMog  group  into  benzene  raises  the  rotation  by 
11*604,  and  in  the  second  that  of  naphthalene  by  22252,  whereas  this 
group,  in  the  aliphatic  series,  has  only  a  very  small  rotation,  as  is  shown 
by  the  fact  that  the  rotation  of  ethylamine  (dimethylamine  has  not  been 
measui'ed)  is  only  3-609.  It  seems  probable  that  the  large  effect  pro- 
duced by  the  introduction  of  the  ISril2  and  NMe2  groups  is  due,  as  in 
the  case  of  the  introduction  of  the  •CHICHj'  group  (p.  810),  in  part  at 
least,  to  the  association  of  the  unsaturated  groups  with  the  associated 
double  linkings  of  the  nucleus.  This  view  is  borne  out  by  the  observa- 
tion that  the  hydrochlorides  of  aniline  and  dimethylaniline  in  which 
the  nitrogen  atoms  have  become  saturated  have  in  the  case  of  aniline 
a  rotation  very  little  higher  than  that  of  this  base,  and  in  dimethyl- 
aniline a  considerably  lower  rotation  (aniline  16-076  aniline  hydro- 
chloride =  16-394;  dimethylaniline  22-888,  dimethylaniline  hydro- 
chloride =  18-326).  When  therefore  the  value  of  hydrogen  chloride 
(2*245)  is  taken  into  account,  it  is  seen  that  the  addition  with  con- 
sequent saturation  of  the   nitrogen  atom    has  produced  a  remarkable 
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lowering  in  the  rotation.  It  is  worth  noting  that  the  introduction 
of  a  second  NO.2,  NH^,  or  NMeg  group  does  not  act  like  the  first.  In 
the  case  of  the  second  NOg  group  there  is  no  longer  a  reduction,  but  a 
slight  rise  in  the  rotation,  and  in  the  case  of  the  second  NHg  and  NMeg 
groups  the  rise  is  much  smaller  than  in  the  case  of  the  first  intro- 
duction. 


Comparison  of  the  Refractive  Power  of  Hexatriene  with  that  of 

Benzene. 

The  careful  examination  of  freshly  distilled  hexatriene,  C^Hg,  has 
shown  that  the  refraction,  and  especially  the  dispersion,  of  this  sub- 
stance are  both  considerably  higher  than  the  calculated. 

Eefraction  ^ p.  t*.         •      tt      tt 

(I     ^  Dispersion  Hy  -  Ha. 

51-650  4-472 

The  calculated  refractive  power  of  a  substance,  Cg^S'  containing 
three  double  linkings  is  47"300,  or  4 "350  less  than  was  actually  found, 
and  it  is  remarkable  that  the  dispersion  of  benzene,  containing  2  atoms 
of  hydrogen  less,  is  only  2-426,  or  not  much  more  than  half  that  of 
hexatriene. 

The  comparison  of  the  above  values  for  hexatrieno  with  those  of 
benzene  show  that  the  differences  do  not  run  parallel  with  the 
magnetic  rotation  results.  As  stated  on  p.  808,  the  differences  in 
rotation  between  hexatriene  and  hexane  (5-550)  and  between  hexa- 
methylene  and  benzene  (5-620)  are  practically  the  same.  But  when 
a  similar  comparison  of  the  refractive  powers  is  made  an  entirely 
different  result  is  obtained. 

Ha.  Ha. 

Hexatriene 51-650  Benzene  44-087 

Hexane   48-630  Hexamethylene  . . .     45-824 

Difference    +3-020  -1'737 

It  is  very  difiicult  to  account  for  these  striking  differences,  but  it 
may  be  stated  generally  that,  although  there  is  often  a  similarity 
between  refractive  powers  and  magnetic  rotations,  many  cases  have 
been  observed  in  which  very  little  relationship  seems  to  exist  between 
the  two  sets  of  values.  Thus,  for  example,  the  magnetic  rotation  of 
benzene  is  much  larger  than  that  calculated  on  the  assumption  that 
it  is  a  compound,  OgHg,  containing  three  double  linkings  of  the  ordinary 
value,  whereas  the  refractive  power  is  actually  less  than  that  calcu- 
lated on  the  same  basis.     Similar  peculiarities  have  been  observed   in 
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a  number  of  other  eases,  and  these  tend  to  show  that  magnetic  i-otation 
not  infrequently  detects  differences  which  the  determination  of  the 
refractive  power  fails  to  reveaJ. 

Experimental. 

The  specimen  of  hexatriene  (about  25  c.c.)  was  received  in  a  sealed 
glass  flask,  When  opened,  it  was  found  that  a  few  drops  of  the 
substance,  when  placed  on  bibulous  paper,  did  not  entirely  evaporate, 
but  left  an  oily  stain ;  it  had  therefore  apparently  polymerised  to 
some  extent,  as  its  original  boiling  point  was  79'5 — 81°.  On  distil- 
lation, most  of  it  passed  over  between  77°  and  80°,  chiefly  78 — 80°. 
The  temperature  was  then  allowed  to  rise  to  95°,  when  the  distillation 
almost  ceased,  about  3  c.c.  of  a  viscid  oily  product  being  left  behind. 
The  fraction  77 — 80°  was  examined  as  to  its  density,  magnetic  rotation, 
and  refractive  power.  Seventeen  days  later  this  product  was  re- 
fractionated  ;  it  then  passed  over  mostly  between  77"5°  and  79°,  only  a 
small  amount  of  polymerised  product  being  left  behind.  This  fraction 
was  also  examined,  and  was  found  to  have  practically  the  same  density, 
magnetic  rotation,  and  refractive  power  as  the  previous  product.  On 
keeping  this  for  several  weeks  it  underwent  scarcely  any  change,  only 
a  minute  quantity  of  polymerised  product  being  formed.  It  almost 
appears  as  though  the  original  product  contained  two  isomeric  hydro- 
carbons, one  polymerising  quickly  and  the  other  slowly,  the  specimen 
I  examined  consisting  of  the  latter,  but  as  very  small  changes  of  con- 
ditions often  greatly  influence  the  rate  of  polymerisation,  this  is  a 
point  that  cannot  be  decided  without  further  experiment.  Strong 
sulphuric  acid  causes  polymerisation  to  take  place  instantly  with 
formation  of  a  solid  substance.  It  was  also  found  that  if  hexatriene 
is  placed  in  a  tube  full  of  oxygen  over  mercury  it  undergoes 
oxidation,  the  volume  of  gas  soon  becoming  greatly  reduced. 

The  following  results  are  the  averages  obtained  from  the  examination 
of  the  two  fractions  above  referred  to,  obtained  after  different  intervals 
of  time  : 

Av.  b.  p.  77-7—79°. 

Density:  di°/4:°,  0-75190;  dl5°/l5°,  0-74229;  (Z25°/25°,  0-73444. 


Magnetic  rotation  : 

t. 

Sp.  rot. 

Mol.  rot. 

13-75° 

2-0402 

12-196 

HEXATRIENE,  CH2:CHCH:CH-CH:CH, 


815 


Refractive  power  : 

fZ16-274°- 0-74067 

yu,  —  1  y"  ^  1 

/.  16-2°.  -^r  ~r^ 

H^  1-47819       0-64562  51-650 

H^  1-50272       0-67878  54-302 

H^  1-51958       0-70155  56-124 

Disp.  Hy- Ha  =  4-472. 

It  was  thought  that  it  would  be  interesting  to  determine  the 
magnetic  rotation  and  refraction  values  of  the  crude  polymerised  pro- 
duct left  from  the  distillation  of  hexatrieno,  because  if  it  were  formed 
from  the  hydrocarbon  with  the  production  of 

ch2:ch-ch-ch-ch:ch2 
ch2:ch-ch-ch-ch:ch2' 

this  substance  would  contain  no  associated  double  linkings  and  would 
therefore  give  very  much  lower  values  than  two  molecules  of  hexatriene 
itself.     The  following  results  were  obtained  : 


Polymerised  hexatriene  distilling  above  95°. 

Densittj  :  d  15715°  0-88494 ;  d  25725°  0-87920. 

Alagnetic  rotation  : 

Mol.  Rot. 

t  Sp.  Rot.  ForCgHg.         For  (CgHg).^. 

14°  1-7605  8-836  17-673 

Refractive  yower  : 

d  16-7574°  =  0-88295 

^^*^'^^.  ~ir  ForCeHy.  For  (C,HJ,. 

Ha 1-51569  0-58406  46-725         93-450 

Hp..... .1-53348  0-60421  48337         96-674 

H^ 1-54481  0-61703  49-362         98-724 

The  following  are  the  i-esults   obtained    compared    with    those    of 
hexatriene  : 

Magnetic  rotation : 

Rot.  of  2  mols.  of  Hexatriene  ...  ...  24-380 

„  „  polymerised   product  |  17-67-^ 

taken  as  (CgHg)^         ]      " 

Reduction  due  to  polymerisation       ...  6-708 
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Refractive  power  : 

Ha  2  mols.  of  irexatiiene      ...  ...  ...        103*300 

„  polymerised   producfc  \  93 -449 

taken  as  (CyHg)o         J 


Reduction  due  to  polymerisation         ...  9"851 

The  magnetic  rotation  of  a  polymeride  of  the  above  constitution 
should  be  about  equivalent  to  that  of  2  molecules  of  diallyl 
less  4H,  thus  : 

Eot.  of  2  mols.  diallyl  (8-420  x  2)  =  16-840 
less  4H  1-016 


15-824 


Considering  the  product  still  contained  traces  of  hexatriene  which 
would  raise  its  rotation  (which  is  about  1-85  too  high),  it  would 
appear  not  unlikely  that  polymerisation  takes  place  in  the  direction 
indicated  above. 


LXXVI. — The     Action     of    Trihromopropane     on     the 
Sodium  Derivative  of  Ethyl  Malonate.     Part  I. 

By    William    Henry    Perkin,   jun.,   and    John    Lionel    Simonsen 
(Schunck   Research  Fellow  in  the  University  of  Manchester). 

One  of  the  most  difficult  problems  in  connexion  with  the  chemistry 
of  closed  carbon  chains  is  the  determination  of  the  relative  stability 
of  the  rings  in  the  series,  cyclopropane,  cyc^obutane,  cyc^opentane,  cyclo- 
hexane,  &c., 

CH2 
/\       ,     9^2-CH2       9IT2-CH2  .CH^-CH 

CH2-CH2      CH,-CH2'     CHo-CHo-^       ^'  -^CH^-CH^^       ^ 

During  the  discussion   of   his   well   known   "  Spannungs    Theox'ie  " 

{Ber.,  1885,  18,  2279),  Baeyer  expressed  the  view  that  the  five-carbon 

c?/cfopentane  ring  would  be  found  to  be  the  most  stable  combination^ 

and  that  the  cyclohwtixne  ring  would  be  more  stable  than  the  cyclo- 

propane  ring.     Many   facts  have,  however,  come  to  light-,  especially 

during   the  last  few  years,  which  seem    to    indicate   that,  whilst  the 

cyc^obutane  ring  is,  on  the  whole,  more   stable  than  the  cyc/opropane 

ring,  the  cyclopropane  ring  is,  at  all  events  under  certain  conditions, 

much  more   readily  produced  tlian  the  cyc^obutane  ring.     It  is  well 
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known  that  trimethylenecarboxylic  acid  suifers  disruption  when  it  is 
treated  with  hydrobromic  acid  in  the  cold, 

CHg 

->         CHgBr-CHg-CHi^-COaH. 


CH2-CH-C02H 

cyc^oButanecarboxylic  acid  is  stable  to  hydrobromic  acid,  but  cyclo- 
butanol,  on  the  other  hand,  is  converted  into  ay-dibromobutane  when 
it  is  treated  with  hydrobromic  acid, 

CH2<^^2>CH-OH         — >         CHg-CHBr-CHg-CHgBr, 

and  the  dimethylcyc/obutane  ring  in  pinene  suffers  disruption  when 
the  terpene  is  treated  with  hydrogen  chloride  even  at  -  20°  : 
CH:CMe-CH  CHg-CHMe-CHCl 


CMe,  — > 


CMe2 


Pineiie.  tsoBornyl  chloride. 

The  careful  study  of  the  behaviour  of  a  number  of  derivatives 
cleai'ly  proves  that  the  stability  of  the  cyclopropane  and  c?/c^obutane 
rings  depends  to  a  much  greater  extent  on^the  nature  and  position  of 
the  groups  attached  to  the  ring  than  to  the  number  of  carbon  atoms 
which  the  ring   contains.     Thus,  for   example,   whilst   c?/c^opropane- 

1  : 1-dicarboxylic   acid,    /^\  ,  is   characterised   by   the   ease 

CH2-0(C02H)2 
with  which  it  suffers  disruption,  the  1  : 2-dicarboxylic  acid, 

CHo 


COaH-CH-CH-COgH 

is  a  substance  of  quite  remarkable  stability. 

With  regard  to  whether  the  c?/c/opropane  or  the  cyc^obutane  ring  is 
the  more  readily  produced,  the  evidence  seems  to  be,  in  many  cases  at 
least,  in  favour  of  the  c^/c^opropane  ring,  as  may  be  gathered  from  the 
following  considerations. 

Acetylpropyl  bromide  yields  acetylcyc^opropane  when  it  is  treated 

with  alkalis, 

CHg  dig 

/\  -^  /\        . 

CH3-CO-CH2  CHgBr  CFg-CO-CH— CH2 

Alcoholic  potash  converts  ethyl  a-bromoglutarate  into  c^/c^opropane- 

1  : 2-dicarboxylic  acid, 

CH2  CHo 


VOL.    XCI.  3    I 


C02Et-CH2  CHBr-COgEt  COgH-CH— CH-C02H 
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and  caronic  acid    is    produced   quantitatively    when    ethyl   hydrogen 
a-bromodimethylglutarate  is  digested  with  alcoholic  potash, 
CMe^  CMe, 


CO^H-CHg  CHBr-CO^Et  CO^H-CH-CH-COgH 

The  cyclohutsine  ring  does  not  appear  to  be  formed  under  conditions 
analogous  to  the  above. 

The  object  of  the  piesent  investigation  was  to  endeavour  to  solve 
the  problem  of  the  relative  ease  of  formation  of  the  cyclopropane  and 
c?/c^obutane  rings  experimentally  by  emplojing  some  reaction  which 
offered  equal  possibilities  for  the  formation  of  the  two  rings.  It  is  well 
known  that  the  sodium  derivative  of  ethyl  malonate  reacts  with 
ethylene  bromide  and  trimethylene  bromide  with  the  formation  of 
c^/c^opropane-  and  cyc^obutane-dicarboxylic  esters, 

CH!Br   +   ^^2C{C0.M),   =     '.^■>C(CO,Et),   +    2NaBr 

^^s^CH^Br  +  Na2C(C02Et)2   =   CH2<^^2>c(C02Et)2  +  2NaBr. 

Now  tribromopropane,  CH2Br'CHBr*CH2Br,  may  be  said  to  contain, 
within  its  molecule,  both  ethylene  bromide  and  trimethylene  bromide, 
and  therefore,  always  provided  that,  of  the  three  bromine  atoms,  one 
of  those  in  the  a-position  reacts  in  the  first  instance  with  the  sodium 
derivative  of  ethyl  malonate,  there  should  then  be  equal  chances  in 
the  second  stage  of  the  reaction  for  the  closing  of  either  the  ci/clo- 
propane  or  cyc^obutane  ring, 
(C0,Et)2CNa-CH,-CHBr-CH,Br     -> 

'      ^CH,  CH„-CHBr 

(C0.M)fi<6B.-CTl,B.  °'-  (C0,Kt),6^iH,  • 

In  order  to  ascertain  the  relative  stability  of  the  a-  and  ;8-bromine 
atoms,  we  treated  tribromopropane  with  sodium  ethoxide  and  obtained 
^-bromoallyl  ethyl  ether,  CHo!CBr'CH./OEt,  a  decomposition  which 
proves  that  the  ^-bromine  atom  reacts  less  readily  than  the  two  others, 
and  this  would  rather  favour  the  subsequent  formation  of  the  cyclo- 
butane  ring. 

The  sodium  derivative  of  ethyl  malonate  was  now  mixed  with  tri- 
bromopropane when  a  vigorous  reaction  took  place,  and  we  obtained  a 
bromo-ester,  CjQHjjO^Br,  which  yielded  a  dibasic  acid,  C^H^(C02H)2, 
on  treatment  with  alcoholic  [-otash,  and  this  acid  was  readily  decom- 
posed by  heat  with  formation  of  the  correponding  monobasic  acid, 
C^Hj'COgH.  The  two  formulae  for  the  bromo-ester  which  at  once 
suggested  themselves  were 

CH,^  ^_^  „  ,  ,     CHBr-CH., 


r!>C(C02Et)2    and 


I  I 


CH^Br-CH-^^      2     /2  CHo— C(C02Et)2' 
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and  hydrolysis  with  alcoholic  potash  with  elimination  of  hydrogen 
bromide  would  then  lead  to  formulse  such  as 

.C(CO,H),    and     ijj:i(cO,H), 

for  the  dibasic  acid,  formulae  which  appeared  to  agree  remarkably  well 
with  the  observed  properties  of  this  acid.*  After  a  long  investigation, 
however,  we  ultimately  discovered  that  the  decomposition  of  tribromo- 
propane,  by  the  sodium  derivative  of  ethyl  malonate,  proceeds  in  a 
quite  unexpected  direction,  since  it  is  entirely  different  from  that 
exhibited  by  ethylene  bromide  or  trimethylene  bromide  under  exactly 
similar  conditions.  There  can  now  be  no  doubt  that  the  bromo-ester, 
CjoH^-O^Br,  is  ethyl  y-hromoallijlmalonate,  CH2lCBr-CHo-CH(C02Et)2, 
and  the  pi*oof  of  its  constitution  is  as  follows. 

(a)  When  treated  with  sodium  ethoxide  and  methyl  iodide  it  yields 
a  methyl  derivative,  CHoICBr'CIIo'CMe(C02Et)2,  and  therefore,  since 
it  contains  a  replaceable  hydrogen  atom,  it  cannot  be  a  ring  compound, 
as  is  represented  by  the  formulae  given  above. 

{h)  It  is  reduced  with  difficulty,  but  when  its  alcoholic  solution  is 
added  to  molten  sodium  it  yields  allylmalonic  acid, 
CH2:CH-CH2-CH(C02H)2. 

(c)  The  y-position  of  the  bromine  atom  is  proved  by  the  fact  that 
the  bromo-ester  yields  acetonylmalonic  acid  when  it  is  treated  either 
with  (i)  potassium  carbonate  or  (ii)  with  hydrobromic  acid, 

(i)  CH2:CBr-CH2-CH(C02Et)2  — >  CH2:C(OH)-CH2-CH(C02Et)2 

^_-^  CH2-00-CH2-CH(C02H)2 
(ii)  CH2:CBr-CH2-CH(C02Et)2  -^  CH3-CBr2-CH2-CH(C02Et)2 
-^  CH3-CO-CH2-CH(C02HJ2, 
and  there  can  be  no  doubt  that  the  acid  thus  produced  is   acetonyl- 
malonic   acid,   since   heat  decomposes  it    with   elimination  of    carbon 
dioxide  and  formation  of  levulinic  acid.     The  properties  of   the  acid, 
C4H4(CO.,II)2,  obtained  when  the  bromo-ester  is  treated  with  alcoholic 
potash  suggested  that  it  was  probably  an    unsaturated  c^/c^opropane 
derivative  produced  according  to  the  scheme  : 


CH2-CH(C02Et)2  CH2-C(C02H)2 

but  this  assumption  was  again  proved  to  be  incorrect  by  the  discovery 
that  the  ester  of  this  acid,  when  treated  with  sodivim  ethoxide  and 
methyl  iodide,  yields  a  methyl  derivative  and  therefore  contains  a 
replaceable  hydrogen  atom.  The  observation  was  then  made  that  the 
dibasic   acid,    C^H^(C02H)2,    and    the    monobasic    acid,    C^H5*C02H, 

*  Compare   Proc,    1906,    22,    133,    where  the   formiihi   of    the   bromo-ester  is, 
however,  erroneously  given  as  CjoHisCBr  instead  of  Cj^HijO^Br. 

3  I  2 
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derived  from  it  by  the  elimination  of  carbon  dioxide,  not  only  yield 
abnormal  and  explosive  silver  salts  of  the  formuke 

C,H,(C02Ag),,AgOH 
and  C^H^(C02A.g)^AgOH  respectively,  but  also  that  their  aqueous 
solutions  are  precipitated  by  ammoniacal  cuprous  chloride  with  the 
formation  of  yellow  copper  derivatives.  It  is  therefore  clear  that  the 
action  of  alcoholic  potash  on  the  bromo-ester  has  resulted  in  the 
formation  of  an  acetylene  derivative,  and  the  constitutional  formulae  of 
the  dibasic  and  monobasic  acids  must  therefore  be 

CH:C-CH2-CH(C02H)2  and  CHiC-CHo-CHg-COgH. 

We  propose  the  names  Ay-butinene-aadicarboxi/lic  acid  and 
^y-butinene-a.-carhoxylic  acid  for  these  two  acids. 

AY-Butinene-aa-dicarboxylic  acid  is  remarkably  stable,  since  it  is  not 
reduced  when  its  aqueous  solution  is  boiled  with  sodium  amalgam  ;  on 
the  other  hand,  the  ester  is  reduced  to  allylmaloaic  acid, 

CH2:CH-CH2-CH(CO,H)2, 
when  its  alcoholic  solution  is  gradually  added  to  molten  sodium. 
Although  butinenedicarboxylic  acid  does  not  yield  an  additive  com- 
pound with  bromine,  it  reacts  readily  with  hydrobromic  acid,  but  the 
additive  compound  formed  is  very  easily  attacked  by  moisture  with 
the  formation  of  acetonylmalonic  acid,  a  process  which  probably  takes 
place  thus  : 

CH:C-CH2-CH(C02H)2  -^  CH3-CBr2-CEl2'CH(C02H)2 
-^  CH3-CO-CH2-CH(C02H)2. 

Ay-Butinenea-carboxyllc  acid  is  also  remarkably  stable  and  is  not 
attacked  when  its  aqueous  solution  is  boiled  with  sodium  amalgam, 
nor  could  a  definite  additive  product  with  bromine  be  isolated. 

On  the  other  hand,  it  yielded  yy-dibromovaleric  acid, 
CH3-CBr2-CH2-OH2-C02H, 
and   yy-di-iodovaleric    acid,    CH3*Cl2*CIl2'CH2*C02H,    when    it    was 
treated  with  hydrobromic  and  hydriodic  acids  in  the  cold  and  the  ester 
was  reduced  to  allylacetic  acid,  CH2!CH*CH2*CH2"C02H,  by  treatment 
with  alcohol  and  sodium. 

The  methyl  derivatives  of  the  above  acids,  namely, 

CH:C-CH2-CMe(C02H)2  and  CH:C-CH2-CHMe-C02H 

(^-ppntinene-fi/3-dicarboxylic  acid  and  ^^-penlinene-fi-carboxylic  acid), 
have  been  prepared  by  several  processes  and  carefully  investigated ; 
they  exhibit  properties  closely  corresponding  with  those  of  the  parent 
acids. 

The  determination  of  the  densities,  magnetic  rotations,  and 
refractive  powers  of  the  new  substances  desci'ibed  in  this  communi- 
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cation  was  undertaken  by  Sir  W.  H.  Perkin  (p.  835),  and  the  bearing 
of  the  results  on  the  question  of  the  constitution  of  these  substances  is 
discussed  on  p.  838. 

Ethyl  y-BromoallylmaJonate,  CH2:CBr'CH2'CH(C02Et)2. 

In  preparing  this  ester,  sodium  (33  grams)  is  dissolved  in  absolute 
alcohol  (400  c.c.)  and,  after  cooling,  a  mixture  of  tribromopropane 
(200  grams)  and  ethyl  malonate  (228  grams)  gradually  added. 

The  reaction  takes  place  with  suflBcient  evolution  of  heat  to  bring 
the  alcohol  to  the  boiling  point,  much  sodium  bromide  is  deposited, 
and,  after  remaining  overnight,  the  whole  is  heated  on  the  water-bath 
for  half  an  hour  in  order  to  ensure  complete  decomposition.  Water  is 
then  added,  the  oil  extracted  with  ether,  the  ethereal  solution  washed, 
dried  over  calcium  chloride,  evaporated,  and  the  almost  colourless 
residue  fractionated  under  reduced  pressure  (26  mm.).  After  a  good 
deal  of  unchanged  ethyl  malonate  has  passed  over  at  about  100 — 120°, 
the  thermometer  rises  to  about  150°,  between  which  point  and  160°  a 
large  fraction  is  obtained  and  a  heavy  oil,  which  is  described  later 
(p.  842),  (4)  remains  in  the  distilling  flask. 

The  fraction  150 — 160°  (26  mm.)  is  then  subjected  to  further 
fractionation,  when  an  oil  is  readily  obtained  which  distils  constantly 
at  154°  (26  mm.),  but,  in  spite  of  the  constant  boiling  point,  very 
varying  analytical  numbers  were  obtained  with  different  specimens,  a 
fact  which  is  doubtless  due  to  the  elimination  of  some  hydrogen  bromide 
during  distillation.  In  one  case  the  following  relatively  satisfactory 
results  were  obtained  : 

0-1651  gave  0-2480  CO2  and  0-0735  H2O.     C  =  41-0;  H  =  5-0. 

0-2407     „     0-1650  AgBr.     Br  =  29-1. 

CioH^jO^Br  requires  C  =  43-0  ;  H  =  5-5  ;  Br  -  28-7  per  cent. 

Other  specimens  contained  bromine  vai-ying  between  27-9  and  30  9 
per  cent.  Ethyl  y-hromoallyl'malonate  is  a  colourless  oil  with  a 
pungent,  unpleasant  odour,  in  which  the  bromine  atom  is  firmly  fixed, 
since  it  is  only  very  slowly  eliminated  when  the  ester  is  digested  with 
diethylaniline. 

Action  of  Hydrohromic  Acid.  Formation  of  Acetonylmalonic  Acid, 
CH3-CO-CH2-CH(C02H)2.— The  bromo-ester  (10  c.c.)  was  mixed  in  a 
sealed  tube  with  five  times  its  weight  of  aqueous  hydrobromic  acid 
(saturated  at  0°)  and  gently  warmed,  when  the  ester  completely 
dissolved  and,  after  heating  at  100°  for  half  an  hour,  an  oil  was 
observed  to  have  separated  on  the  surface  of  the  acid.  The  brown 
liquid  was  poured  into  water  and  extracted  three  times  with  ether,  the 
ethereal  solution  washed  with  water,  dried  over  calcium  chloride,  and 
evaporated,    when   a  brown,  oily  acid  was  obtained  which  gradually 
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became  semi-solid.  In  contact  with  porous  porcelain  the  dark  oily 
impurity  was  rapidly  absorbed,  and,  after  crystallising  from  water,  a 
colourless  crystalline  acid  was  obtained  which  melted  at  about  143'^ 
with  decomposition.  That  this  acid  was  acelonylmalonic  acid  was 
proved  by  careful  comparison  with  a  specimen  of  this  acid  which  had 
been  prepared  by  the  process  described  on  p.  826. 

Action  of  Potassium  Carbonate  on  Ethyl  y-Bromoallylmalonate. 
Formation  of  Acetonyhnalonic  Acid. — In  studying  this  decomposition, 
the  bromo-ester  (30  grams)  was  digested  with  a  strong  solution  of 
potassium  carbonate  (90  grams)  in  a  reflux  apparatus,  when  the  oil 
gradually  dissolved,  but  even  after  sixty  hours  a  small  quantity  still 
remained.  This  was  removed  by  filtration,  the  aqueous  solution  was 
then  acidified,  and  extracted  several  times  with  ether. 

The  ethereal  solution  was  dried  over  calcium  chloride  and  evaporated, 
when  a  crystalline  acid  was  obtained  which,  after  remaining  in  contact 
with  porous  porcelain  until  quite  free  from  oil,  was  recrystallised  from 
ethyl  acetate  : 

0-1399  gave  0-2297  CO.  and  0-0657  H.^.     C  =  44-8  ;  H  =  5-3. 
C^jHgOj  requires  C  =  45-0;  H  =  5-0  per  cent. 

This  acid  melted  at  about  146°  with  decomposition,  and  when  mixed 
with  a  specimen  of  acetonylmalonic  acid,  prepared  by  the  progess 
described  on  p.  826,  the  melting  point  of  the  mixture  was  147 — 148°. 

Reduction  to  Allylmcdonic  Acid,  CH2lCH'CH2'CE[(C02H).2. — In 
studying  this  reduction,  sodium  (25  grams)  was  heated  at  120°  in  a 
reflux  apparatus  by  means  of  an  oil-bath,  and  then  the  bromo-ester 
(20  grams)  dissolved  in  alcohol  (300  grams)  was  gradually  added 
through  the  condenser.  When  all  the  sodium  had  dissolved,  the 
product  was  mixed  with  water,  evaporated  until  free  from  alcohol, 
acidified,  and  extracted  several  times  with  ether,  when  a  solid  acid  was 
obtained  which,  after  crystallising  from  water,  melted  at  102°  and 
consisted  of  allylmalonic  acid. 

0-1684  gave  0-3100  COg  and  0-0805  H2O.     C  =  50-2  ;  H  =  5-3. 
C^H^O^  requires  0  =  50*0;  H  =  5-6  per  cent. 

The  identity  of  the  acid  was  further  proved  by  direct  comparison 
with  a  specimen  of  allylmalonic  acid  prepared  from  ethyl  malonate. 

Ay-Butinene-aa-dicarboxylic  Acid,  CH:C'OH2*CH(C02H)2. 

This  acid  is  produced  by  the  hydrolysis  of  ethyl  y-bromoallyl- 
malonate  with  alcoholic  potash,  and  the  conditions  most  suitable  for 
its  formation  seem  to  be  the  following. 

Ethyl  y-bromoallylmalonate  (30  grams)  is  dissolved  in  a  solution  of 
caustic  potash  (60  grams)  in  methyl  alcohol  (300  c.c.)  and  heated  to 
boiling  for  one  hour  in  a  reflux  apparatus,  during  which  operation 
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much  potassium  bromide  separates.  The  product  is  dihited  with  water 
and  evaporated  until  free  from  methyl  alcohol  ;  it  is  then  acidified 
and  extracted  ten  times  with  ether.  After  drying  over  calcium 
chloride  and  evaporating,  the  ethereal  solution  deposits  an  oil  which, 
over  sulphuric  acid  in  a  vacuum  desiccator,  soon  begins  to  crystallise 
and  ultimately  becomes  semi-solid.  In  contact  with  porous  porcelain 
the  oily  impurity  is  gradually  absorbed,  and  the  residual  acid  may  be 
purified  by  crystallisation  from  ether. 

The  yield  of  pure  acid  is,  however,  much  improved  if  the  crude  acid 
is  converted  into  its  ester,  and  this,  after  fractionation,  hydrolysed. 
The  crude  acid  (30  grams)  is  dissolved  in  a  cold  mixture  of  alcohol 
(300  c.c.)  and  sulphuric  acid  (30  c.c),  and,  after  remaining  overnight, 
heated  for  three  hours  on  the  water-bath. 

The  product  is  mixed  with  ether,  water  is  then  added,  and  the 
ethereal  solution  separated,  washed  with  water  and  dilute  sodium 
carbonate,  dried  over  calcium  chloride,  and  evapoi-ated.  After  two 
distillations,  almost  the  whole  of  the  ester  passes  over  at  129° 
(22  mm.)  as  a  colourless  oil  with  a  pleasant  ethereal  odour  : 

0-2095  gave  0-46.57  COg  and  0-1325  H,0.     C  =  60-5;  H  =  7-l. 
Oj^qHj^O^  requires  C  =  60-6  ;  H  =  7-1  per  cent. 

The  hydrolysis  of  ethyl  Ay-butinene-aa-dicarboxi/Iate  was  carried  out 
as  follows :  sodium  (3-5  grams)  was  dissolved  in  alcohol  (50c.c.),  the 
solution  mixed  with  water  (50  c.c),  and  the  ester  (15  grams)  added. 
After  heating  on  the  water-bath  for  half  an  hour,  the  oil  had  com- 
pletely dissolved,  and  the  solution  was  then  mixed  Avith  water  and 
evaporated  until  free  from  alcohol.  The  residue  was  acidified,  extracted 
ten  times  with  ether,  the  ethereal  solution  dried  over  calcium  chloride 
and  evaporated,  when  a  crystalline  solid  remained  which  consisted  of 
the  almost  pure  dibasic  acid. 

For  analysis  it  was  recrystallised  from  ether  : 

0-1905  gave  0-3524  CO^  and  0-0735  H.A     C  =  50-4;  H  =  4-3. 
0-1768     „     0-3287  00.2    „    0-0698  H^O.     C  =  50*7 ;  H  =  4-3. 
CgHpO^  requires  C  =  50-7  ;  H  =  4-2  per  cent. 

Ay-Butinene-aa-dicarboxylic  acid  crystallises  from  ether,  in  which  it 
is  readily  soluble,  in  colourless,  glistening  plates;  it  softens  at  130° 
and  melts  at  139°  with  vigorous  evolution  of  carbon  dioxide  and 
formation  of  the  corresponding  monocarboxylic  acid. 

It  is  readily  soluble  in  water,  alcohol,  or  acetic  acid,  but  sparingly 
so  in  benzene,  chloroform,  or  light  petroleum.  The  determination  of 
the  dissociation  constant  gave  /J;  =  0-2258. 

Salts  of  /\y-Butinene-aa-dicarboxylic  Acid. — The  basicity  of  the 
acid  was  first  determined  by  titration  with  iV/lO  caustic  soda,  using 
phenolphthalein   as   indicator,    when    0-1212    neuti-alised     16-9    c.c, 
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whex'eas   this   amount    of   a   dibasic  acid,   C^HgO^,   should   neutralise 
170  c.c. 

The  silver  salt,  C,.H^04Ag2,AgOH. — "When  the  solution  of  the  acid  in 
water  is  made  slightly  alkaline  with  ammonia  and,  after  warming  to 
50°,  mixed  with  an  excess  of  silver  nitrate,  a  white,  caseous  precipitate 
separates,  which  is  collected,  well  washed  with  water,  in  which  it  is 
sparingly  soluble,  drained  on  porous  porcelain,  and  dried  at  80°.  As  this 
salt  explodes  violently  on  heating,  special  precautions  had  to  be  taken  in 
analysing  it.  The  silver  was  determined  as  chloride  by  heating  with 
hydrochloric  acid  and  nitric  acid  in  a  sealed  tube,  and  in  carrying  out 
the  carbon  and  hydrogen  determinations  the  salt  was  mixed  with  a 
long  layer  of  copper  oxide  : 

0-2933  gave  0-1655  CO2  and  00348  H2O.     C=15-4;  H  =  0-9. 
0-2925     „     0-1691  CO2    „    0-0269  H.O.     C  =  15-7  ;  H  =  1-0. 
0-890       „     0-7910  AgCl.     Ag  =  66-7." 
0-4432     „     0-3967  AgCl.     Ag  =  67-4. 
Cj;H^04Ag2,AgOH  requires  C  =  15-0;  H  =  10;  Ag  =  67-4  per  cent. 

Since  this  silver  salt  had  such  an  abnormal  composition,  it  seemed 
at  first  possible  that  during  preparation  addition  of  water  might  have 
taken  place  with  formation  of  a  hydroxy-tribasic  acid  capable  of  form- 
ing a  trisilver  salt.  In  order  to  investigate  this  point,  a  quantity  of 
the  silver  salt  was  prepared,  dissolved  in  ammonia,  and  after  pre- 
cipitating the  silver  with  hydrochloric  acid  the  acid  was  extracted  with 
ether.  The  ethereal  solution  was  dried  over  calcium  chloride  and 
evaporated  to  a  small  bulk,  when  almost  colourless  crystals  gradually 
separated  which  melted  at  139°  and  consisted  of  pure  Av-butinene- 
aa-dicarboxylic  acid  : 

0-1807  gave  0-3359  COo  and  00751  H2O.     0  =  506;  H  =  4-2. 
Cp^HgO^  requires  C  =  50*7  ;  H  =  4-2  per  cent. 

The  curious  composition  of  the  silver  salt  made  it  interesting  to  see 
whether  other  salts  were  abnormal,  and  the  behaviour  of  a  slightly 
alkaline  solution  of  the  ammonium  salt  was  therefore  investigated, 
with  the  result  that  the  highly  characteristic  calcium  salt  was  selected 
for  examination. 

When  calcium  chloride  is  added  to  the  cold  slightly  alkaline  solu- 
tion of  the  ammonium  salt  the  liquid  remains  clear,  but  warming  on 
the  water-bath  soon  causes  the  calcium  salt  to  separate  as  a  heavy, 
sandy  powder,  which,  under  the  microscope,  is  seen  to  consist  of 
nearly  square  plates.  The  salt  was  collected  by  the  aid  of  the  pump 
and  washed  well,  when,  after  remaining  exposed  to  the  air  for  three 
days,  it  yielded  analytical  results  agreeing  fairly  well  with  the  formula 
C^lifi^Cii,2H.20,  and  therefore  this  salt  is  normally  constituted : 
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0-2183   gave  0-2603  CO,,  0-0691  HgO,  and  0-0600  CaO.    C  =  32-54; 

"h  =  3-5;  Ca  =  20-0. 

C6H40^Ca,2H20  requires  C  =  33-3;  H  =  3-7;  Ca=  18-5  per  cent. 

The  fact  that  the  carbon  is  rather  low  and  the  calcium  too  high  is 
due  to  the  difficulty  experienced  in  completely  freeing  the  lime  from 
carbon.  A  determination  of  the  calcium  as  sulphate  was  therefore 
carried  out  : 

0-3156  gave  0-1958  CaSO^.    Ca  =  18-5. 

This  salt  does  not  appear  to  lose  water  of  crystallisation  when  dried 
at  100°;  it  dissolves  in  dilute  hydi-ochloric  acid,  and  the  dibasic  acid  is 
obtained  in  a  pure  state  by  extraction  with  ether. 

The  ammonium  salt  of  the  dibasic  acid  gives  no  precipitate  with 
barium  chloride  even  on  boiling ;  lead  acetate  produces  an  immediate 
curdy  white  precipitate,  and  copper  sulphate  gives  no  pi-ecipitate  in 
the  cold,  but,  on  boiling,  the  solution  clouds  and  copper  is  gradually 
reduced. 

Properties  of  Ay- Butinene-aa-dicarboxylic  Acid. — When  the  aqueous 
solution  of  the  acid  is  mixed  with  a  solution  of  cuprous  chloride  in 
ammonia  a  very  pale  yellow,  voluminous  precipitate  of  the  copper 
derivative  separates,  which  becomes  deeper  yellow  and  caseous  on 
warming.  The  acid  behaves  as  an  unsaturated  acid,  since  its  solution 
in  sodium  carbonate  reduces  permanganate,  although  not  very  rapidly. 
On  the  other  hand,  the  solution  of  the  acid  in  chloroform  does  not 
decolorise  bromine,  and  all  attempts  to  obtain  a  dibromo-addition  pro- 
duct, by  leaving  the  acid  in  contact  with  bromine  or  bromine  vapour, 
lead  only  to  sticky  products  from  which  nothing  crystalline  covild  be 
obtained.  The  stability  of  the  acid  towards  sodium  amalgam  was  well 
shown  by  the  following  experiment. 

The  pure  acid  (1  gram)  was  dissolved  in  sodium  carbonate  and  the 
boiling  solution  treated  with  100  grams  of  3  per  cent,  sodium  amalgam. 

After  cooling  and  acidifying,  ether  extracted  about  1  gram  of  a 
crystalline  acid,  which,  after  crystallising  from  ether,  melted  at  139° 
and  consisted  of  the  unchanged  dibasic  acid. 

When,  however,  the  ester  of  butinenedicarboxylic  acid  (p.  823),  dis- 
solved in  alcohol,  is  added  to  molten  sodium  under  the  conditions  given 
in  detail  in  the  case  of  the  ester  of  the  monocarboxylic  acid  (p.  829), 
it  yields  a  crystalline  acid  which  contains  allylmalonic  acid,  since  it  is 
decomposed  on  distillation  with  formation  of  allylacetic  acid,  the 
identity  of  which  was  proved  by  conversion  into  yS-dibromovaleric 
acid,  CHgBr-CHBr-CHg-CH^-COgH  (m.  p.  58°). 
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Aceionylmalonic  Acid,  CH3'CO*CH2'CH(C02H)2. 

This  acid  is  formed  when  Av-butinene-aa-dicarboxylic  acid  is  treated 
with  hydrobroinic  acid.  The  powdered  acid  is  just  covered  with  fuming 
aqueous  hydrobromic  acid  (.saturated  at  0°)  and  kept  in  ice  and  salt, 
when  it  gradually  dissolves  with  the  evolution  of  some  gas,  and  after 
remaining  overnight  the  dark  brown  solution  will  be  found  to  have 
deposited  a  crystalline  substance.  This  is  collected  and  purified  by 
recrystallisation  from  dry  ether,  in  which  it  is  rather  sparingly  soluble 
and  from  which  it  separates  in  colourless,  glistening  plates : 

0-1831  gave  0-2993  COg  and  0-0828  HgO.     C  =  44-6  ;  H  =  5-1. 
CjjHgOj  re  luires  C  =  45-0  ;   H  =  50  per  cent. 

Aceionylmalonic  acid  is  very  soluble  in  water,  and  melts  at  150'^ 
with  decomposition  into  carbon  dioxide  and  levulinic  acid. 

The  basicity  of  the  acid  was  determined  by  titration  with  standard 
caustic  potash  solution,  when  0-1168  neutralised  0-081  KOH,  whereas 
this  amount  of  a  dibasic  acid,  C^,HgOr,,  should  neutralise  0-0818  KOH. 
The  silver  salt  was  obtained  as  a  white,  flocculent  precipitate  on  the 
addition  of  silver  nitrate  to  the  slightly  alkaline  solution  of  the 
ammonium  salt  : 

0-1689  gave  00973  Ag.     Ag  =  57-6. 

CgHgO^Agg  requires  Ag  =  57-7  per  cent. 

The  semicarhazone  is  deposited  as  a  crystalline  precipitate  when 
semicarbazide  acetate  is  added  to  an  aqueous  solution  of  the  acid.  It 
crystallises  from  water  in  stellate  groups  and  melts  at  about  170°  with 
vigorous  decomposition  : 

0-1645  gave  26-6  c.c.  nitrogen  at  14°  and  773  mm.     X  =  19-5. 
CyHjj^O-Ng  requires  N  =  19-4  per  cent. 

The  constitution  of  acetonylmalonic  acid  is  proved  by  its  conversion 
into  levulinic  acid  and  carbon  dioxide  on  heating  above  its  melting 
point.  The  dibasic  acid  was  heated  at  about  180°  until  the  evolution 
of  carbon  dioxide  had  ceased,  and  the  residue  dissolved  in  water  and 
warmed  with  an  aqueous  solution  of  phenylhydrazine  and  a  few  drops 
of  acetic  acid  (E.  Fischer,  Annalen,  1886,  236,  146),  when  an  oily  pre- 
cipitate separated  which  soon  crystallised. 

This  hydrazone,  after  crystallisation  from  benzene,  melted  at  108°, 
and,  when  mixed  with  a  specimen  of  the  hydrazone  of  levulinic  acid, 
no  alteration  in  the  melting  point  could  be  observed. 

The  semicarhazone  of  the  levulinic  acid,  obtained  by  elimination  of 
carbon  dioxide  from  acetonylmalonic  acid,  sepai-ated  at  once  when 
the    aqueous    solution    was    mixed    with    semicarbazide    acetate    and 
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crystallised  from  water  in  fern-like  groups  melting  at  186 — 188°  with 
decomposition  : 

0-2889  gave  58-9  c.c.  nitrogen  at  13°  and  771  mm.     N  =  24-5. 
CgH^^OgNg  requires  N  =  24"3  per  cent. 

As  we  were  unable  to  find  a  description  of  the  semicarbazone  of 
levulinic  acid,  we  prepared  it  in  the  ordinary  way  and  found  that,  after 
crystallisation  from  water,  it  melted  at  about  188°  with  decomposition. 
It  has  been  pointed  out  (pp.  821,  822)  that  acetonylmalonic  acid  is  also 
produced  when  ethyl  y-bromoallylmalonate  is  treated  with  hydrobromic 
acid  or  digested  with  potassium  carbonate. 

Ar-Butinene-a-cao'boxi/lic  Acid,  CH:C*CH<j*CH2*C02H. 

This  acid  is  readily  obtained  by  heating  Av-butinene-aa-dicarboxylic 
acid  at  150°  until  all  evolution  of  carbon  dioxide  has  ceased,  and  that 
the  decomposition  is  a  quantitative  one  was  proved  by  the  following 
experiment  :  0"32  gram  of  the  dibasic  acid  yielded  0"23  gram  of 
butinenecarboxylic  acid,  whereas  theoretically  0'22  gram  should  have 
been  produced.  The  solid  acid,  thus  obtained,  is  readily  purified  by 
crystallisation  from  light  petroleum,  from  which  it  separates  in  long, 
satiny  needles  which  resemble  benzoic  acid  : 

0-1999  gave  0-4481  COg  and  0-1117  H.^O.     C  =  6M;  H=6-2. 

01573     „     0-3542  CO2    „    0-0903^,0.     C  =  61-3 ;  H  =  6-3. 
C.HgOo  requires  C  =  61-2  ;  H  =  6-l  per  cent. 

Ay-Butinene-a-carhoxylic  acid  melts  at  57°  and  distils  at  203 — 204° 
(766  mm.)  ;  it  is  readily  soluble  in  cold  water  and  in  most  organic 
solvents.  The  determination  of  the  dissociation  constant  gave 
A;  =  0-00404. 

Salts  of  ^y-Buiinene-a-carhoxylic  Acid,. — The  basicity  of  the  acid  was 
first  determined  by  titration  with  NjlQ  caustic  soda,  using  phenol- 
phthalein  as  indicator,  when  it  was  found  that  0-0626  gram  of  the  acid 
neutralised  6 '4  c.c,  whereas  this  amount  of  a  monobasic  acid,  CjEI^Og, 
should  have  neutralised  6-38  c.c. 

The  silver  salt,  C5H-OoAg,AgOH,  is  somewhat  soluble  in  water,  and, 
in  order  to  prepare  it,  a  rather  concentrated  solution  of  the  ammonium 
salt  was  precipitated  with  silver  nitrate,  the  gelatinous  precipitate  was 
then  collected,  washed  as  well  as  possible,  and  drained  on  porous 
porcelain.  The  salt  explodes  vigorously  when  heated  in  a  test-tube, 
giving  a  light,  carbonaceous  mass  which  covers  the  empty  part  of  the 
tube ;  the  combustion  had  therefore  to  be  cai-ried  out  by  mixing  the 
substance  with  a  long  layer  of  finely-divided  copper  oxide.  The  silver 
was  determined  as  chloride  by  heating  the  salt  with  nitric  acid  and 
hydrochloric  acid  at  180°  for  two  hours  : 
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0-2570  gave  0-1561  COg  and  0-0454  H2O.     C  =  16-7;  H  =  2-0. 

0-2334     „     0-1671  CO2     „    0-0320  H.O.     C  =  195  ;  H  =  1-5. 

0-2863     „     0-2536  AgCl.     Ag  =  66-6." 

CsH^OgAg.AgOH  requires  C=  18-2;  H  =  l-9;  Ag  =  665  per  cent. 

The  neutral  solution  of  the  ammonium  salt  gives  no  precipitate  with 
barium  or  calcium  chlorides  or  with  lead  acetate ;  copper  sulphate 
gives  no  precipitate  in  the  cold,  but,  on  warming,  the  solution  clouds 
and  the  copper  is  gradually  reduced. 

Properties  of  ^y-Bntinene-a-carboxylic  Acid. 

The  aqueous  solution  of  this  acid  yields,  on  the  addition  of  ammo- 
niacal  cuprous  chloride,  a  very  voluminous,  yellow,  gelatinous  precipitate 
of  the  copper  derivative. 

Although  unsaturated,  butinenecarboxylic  acid  is  not  reduced  even 
when  its  aqueous  solution  is  boiled  with  sodium  amalgam  and  the 
solution  in  chloroform  does  not  decolorise  bromine.  If,  however,  the 
acid  is  dissolved  in  dry  bromine  and  the  excess  of  the  latter  allowed  to 
slowly  evaporate  over  potash  in  a  vacuum  desiccator,  a  viscid,  almost 
colourless  oil  is  obtained  which  contains  68  per  cent,  of  bromine, 
whereas  the  additive  compound,  CgHgO^Br,,  contains  62  per  cent. 

Oxidation  to  Succinic  Acid. — Like  the  corresponding  dibasic  acid, 
Av-butinene-a-carboxylic  acid  does  not  reduce  permanganate  very 
rapidly,  but  the  oxidation  proceeds  regularly  if  the  solution  in  sodium 
carbonate  is  agitated  with  a  stirrer  and  carbon  dioxide  is  passed  during 
the  gradual  addition  of  the  permanganate.  When  the  colour  remains 
for  half  an  hour,  the  excess  is  removed  with  sodium  bisulphite,  the 
whole  heated  to  boiling,  filtered,  and  the  filtrate  and  washings  of  the 
manganese  precipitate  evaporated  to  a  small  bulk,  acidified,  and 
extracted  many  times  with  ether.  On  evaporation,  the  ethereal 
solution  deposited  a  solid  acid  which,  after  crystallisation  from  water, 
melted  at  185°  and  consisted  of  pure  succinic  acid  : 

0  1787  gave  02654  COo  and  0-0864  H2O.     C  =  40-5  ;  H  =  5-3. 
C^HgO^  requires  C  =  40-7  ;  H  =  5-1  per  cent. 

yy- Dibromovale7'ic  Acid,  CHg'CBrg'CHg'CHg'COgH. 

Av-Butinene-a-carboxylic  acid  dissolves  in  aqueous  hydrobromic  acid, 
saturated  at  0°,  with  mvach  evolution  of  heat,  and,  in  order  to  avoid 
rise  of  temperature,  the  acid  (1  gram)  was  gradually  added  to  the 
hydrobromic  acid  (5  grams)  and  the  whole  carefully  cooled  with  ice 
and  salt.  After  remaining  overnight,  water  pi-ecipitated  an  oil  which 
soon  solidified.  The  crystals  were  collected,  drained  on  porous  por- 
celain, and  crystallised  from  light  petroleum,  from  which  yy-dibromo- 
valeric  acid  separated  in  colourless  plates  melting  at  52 — 53°  : 
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0-2042  gave  01705  CO.^  and  0-0520  H2O.     C  =  22-7  ;  H  =  2-8. 

0-1644     „     0-2379  AgBr.     Br  =  61-5. 

CgHgOgBr^  requires  C  =  23-0;  H  =  3-0;  Br  =  61-5  per  cent. 

yy- Di-iodovaleric  acid,  CHg'CI^'CHg'CHg'COjH,  is  prepared  in  a 
similar  way  by  gradually  adding  Av-butinene-a-carboxylic  acid 
(2-5  grams)  to  10  grams  of  a  solution  of  hydrogen  iodide  in  acetic 
acid  (saturated  at  0°),  the  whole  being  cai'efuUy  cooled  in  ice  and  salt. 
After  twenty-four  hours,  the  solution  was  poured  into  water,  the 
yellow  solid  collected  by  the  aid  of  the  pump,  washed  with  dilute 
sodium  bisulphite  to  remove  iodine,  and  purified  by  crystallisation 
from  light  petroleum,  from  which  yy-di-iodovaleric  acid  separates  in 
colourless  needles  melting  at  90°  : 

0-2182  gave  0-1431  CO2  and  0-0439  H^O.     C  =  17-8;  H  =  2-2. 

0-0991     „     01321  AgBr.     1  =  72-0 

C5H8O2I2  requires  C  =  16-9;  H  =  2-2;  I  =  71-7  per  cent. 

Ethyl  ^y-Butinene-a-carhoxylate,  CHiC-CHg'CHg'COgEt. 

In  oi'der  to  prepare  this  ester,  the  pure  acid  (7  grams)  is  dissolved 
in  a  cold  mixture  of  alcohol  (60  grams)  and  sulphuric  acid  (7  grams). 
After  seven  days,  water  is  added,  the  oily  ester  extracted  with  ether, 
the  ethereal  solution  washed  with  water  and  dilute  sodium  carbonate, 
dried  over  calcium  chloride,  evaporated,  and  the  residual  oil  distilled. 

0-1914  gave  0-4665  CO2  and  0-1317  HgO.     C  =  66-6;  H  =  7'9. 
CyH^gOg  requires  0  =  665;  11  =  7-7  per  cent. 

Ethyl  Ay-butinene-a-carboxylate  distils  at  160 — 161°  (765  mm.)  and 
has  a  pungent  and  rather  unpleasant  odour. 

Reduction  of  Ethyl  Ay-Butinene-a-carboxylate  to  Allylacetic  Acid. 

In  carrying  out  this  reduction  the  ester  (20  grams)  was  dissolved  in 
alcohol  (200  grams)  and  gradually  added  through  a  long  condenser  to 
sodium  (25  grams)  kept  at  120°  by  means  of  an  oil-bath.  Alcohol  was 
then  gradually  added  until  the  sodium  had  completely  dissolved,  and, 
after  the  addition  of  water,  the  solution  was  evaporated  on  the  water- 
bath  until  free  from  alcohol.  The  liquid  was  then  acidified  and 
extracted  with  ether,  the  ethereal  solution  dried  over  calcium  chloride 
and  evaporated,  and  the  residual  oil  distilled,  when  almost  the  whole 
quantity  passed  over  at  188°  (759  mm.)  : 

0-1716  gave  03742  CO2  and  0-1241  H.O ;  0  =  59-4;  H  =  8-l. 
^5^8^2  requires  0  =  60-0  ;  H  =  8-0  per  cent. 

That  this  oil  was  allylacetic  acid  was  proved  by  the  fact  that,  when 
exposed  to   bromine   vapour,   it  was  gradually  converted  into  a  solid 
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substance  which,  aftei*   crystallisiDg  from   light  petroleum,  melted  at 
58°  and  gave  the  following  results  on  analysis : 

0-1541  gave  0  1294  CO2  and  0-0406  H2O.    C  =  22-8  ;  H  =  2-9. 
0-2116     „     0-3070  AgBr.     Br  =  61-7. 

C^HgOaBrg  requires  C  =  23  0  ;  H  =  3-0  ;  Br  =  6 1  5  per  cent. 

This  substance  is  obviously  yS-dibromovaleric  acid, 
CHgBr-CHBr-CH^-CHa-COgH, 
the  melting  point  of  which,  prepared  from  allylacetic  acid,  is  stated  by 
Messerschmidt  {Annalen,  1881,  208,  100)  to  be  58°. 


^^-Pentinene-(3^-dicarboxi/lic  Acid,  CH:C-CH2-CMe(C02H)2. 

This  acid  has  been  prepared  by  three  different  processes. 

I.  Bi/  the  Action  of  Trlbromopropane  on  the  Sodium  Derivative  of 
Ethyl  Methylmalonate. — In  carrying  out  this  synthesis,  sodium 
(33  grams)  dissolved  in  alcohol  (400  c.c.)  was  mixed  with  trlbromopro- 
pane (200  grams)  and  ethyl  methylmalonate  (248  grams),  when  a 
vigoi'ous  action  set  in  and  the  temperature  rapidly  rose  to  the  boiling 
point. 

The  product  was  treated  in  the  way  already  described  in  detail  in 
the  case  of  ethyl  malonate  (p.  821),  and  yielded  an  oil  almost  the 
whole  of  which  (with  the  exception  of  unchanged  ethyl  methylmalonate) 
distilled  at  145 — 147°  (13  mm.)  and  did  not  leave  an  oil  of  high  boiling 
point  as  was  the  case  when  ethyl  malonate  was  employed. 

The  oil  which  distilled  at  145 — 147°  is  ethyl  methyl-yhromoallyl- 
malonate,  CH2lCBr'CH2*CMe(C02Et)2,  as  the  following  analysis  shows  : 

0-2266  gave  0-3583  CO2  and  0-1095  HgO  ;  C  =  43-l ;  H-5-4. 
0-1631     „     0-1069  AgBr.     Br  =  27-8. 

CiiHjKO^Br  requires  C  =  45-0  ;  H  =  58  ;  Br  =  27-3  per  cent. 

When  treated  with  alcoholic  potash,  under  the  conditions  described 
on  p.  822,  this  bromo-ester  yielded  a  colourless,  crystalline  acid  which 
separated  from  a  mixture  of  ether  and  light  petroleum  in  colourless 
plates  : 

0-2052  gave  0-4039  CO2  and  0-0894  H2O.    C  =  53-7  ;  H  =  4-8. 
C^HgO^  requires  0  =  53-8;  H  =  5-l  per  cent. 

A^-Pentinene-l3^-dicarboxylic  acid  melts  at  134°  with  decomposition 
into  carbon  dioxide  and  the  corresponding  monobasic  acid. 

It  is  readily  soluble  in  water,  ether,  alcohol,  chloroform,  or  benzene, 
but  sparingly  so  in  light  petroleum.  Its  aqueous  solution  gives,  with 
ammoniacal  cuprous  chloride,  a  very  pale  yellow,  voluminous  precipitate 
of  the  copper  derivative,  which,  on  warming,  becomes  deeper  yellow 
and    caseous.     The   acid  is  not   reduced  when  its  aqueous  solution  is 
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boiled    with   sodium  amalgam   and,   in   spite  of  several   attempts,   no 
addition  product  with  bromine  could  be  isolated. 

The  oxidation  of  A^-pentinene-/?/3-dicarboxylic  acid,  carried  out 
exactly  as  described  on  p.  828,  yielded  methylsuccinic  acid  which,  after 
crystallising  from  light  petroleum,  melted  at  112°  and  the  identity  of 
which  was  proved  by  mixing  with  a  sample  of  methylsuccinic  acid  pre- 
pared by  another  process,  when  no  alteration  in  melting  point  could 
be  observed.     The  acid  was  also  analysed  : 

0-1512  gave  0-2516  CO2  and  0-0813  HgO.     0  =  45-3;  H  =  6-0. 
C-HgO^  requires  C  =  45-4;  H  =  6'l  per  cent. 

The  silver  salt  of  A^-pentinene-;8/3-dicarboxylic  acid, 
C,H,0,Ag2,AgOH, 
was  obtained  as  a  white  precipitate  when  silver  nitrate  was  added  to  a 
slightly  alkaline  solution  of  the  ammonium  salt.  Since  it  was  not  so 
explosive  as  the  silver  salt  of  AY-butinene-aa-dicarboxylic  acid  (p.  824) 
it  was  found  possible  to  analyse  it  in  the  usual  manner,  but  the  results 
obtained  were  rather  low  : 

0-1799  gave  0-1144  Ag.     Ag  =  63-5. 

0-2971     „     0-1879  Ag.     Ag  =  63-2. 

C^'H^.0^Ag.2,Ag01I  requires  Ag  =  G5-4  percent. 

Ethyl  A^-  Pentinene-PP-dicarboxylute,  CH:C'CH2*CMe(C02Et)2. 

This  ester  was  pi"epared  by  leaving  the  pure  dibasic  acid  (20  grams) 
in  contact  with  alcohol  (100  c.c.)  and  sulphuric  acid  (10  c.c.)  for 
twenty-four  hours  and  then  heating  on  the  water  bath  for  two  hours. 
It  is  a  colourless  oil  which  distils  at  122 — 123°  (15  mm.)  and  possesses 
a  pungent  but  not  disagreeable  odour : 

0-1473  gave  0-3362  CO2  and  0-1003  H2O.    C  =  62-3  ;  H  =  7-5. 
Cj^^Hj^gO^  requires  C  =  62-3  ;  H  =  7-5  per  cent. 

When  the  ester  is  shaken  with  an  ammoniacal  solution  of  cuprous 
chloride,  an  almost  colourless,  flocculent  precipitate  of  the  copper 
derivative  rapidly  separates. 

II.  By  the  Action  of  Methyl  Iodide  on  the  Sodium  Derivative  of  Ethyl 
y- Bromocdl ylmalonate . — This  process  was  carried  out  as  follows.  Ethyl 
y-bromoallylmalonate  (29  grams)  was  mixed  with  a  cold  solution  of 
sodium  (2-4  grams)  in  alcohol  (35  c.c.)  and  then  methyl  iodide 
(20  grams)  added,  the  temperature  being  kept  below  40°  by  cooling 
with  water.  After  remaining  overnight,  water  was  added,  the  oil 
extracted  with  ether  and  fractionated,  when  almost  the  whole  quantity 
distilled  at  145 — 150°  (18  mm.).  This  was  hydrolysed  with  alcoholic 
potash  in  the  usual  manner,  and,  after  mixing  with  water  and 
evaporating  until  free  from  alcohol,  the  solution  was  acidified  and 
extracted  with  ether.     The  ethereal  solution   was  dried  over  calcium 
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chloride  and  evaporated,  when  a  solid  acid  was  obtained  which  separated 
from  light  petroleum  in  plates,  melted  at  134°  with  decomposition, 
and  consisted  of  pure  ^^-pentinene-ftfi-dicarhoxylic  acid  : 

0-1314  gave  0-2582  COg  and  00615  H2O.    C  =  53-6  ;  H  =  5-2. 
C^HgO^  requires  0  =  53-8;  H  =  5-l  percent. 

III.  By  the  Action  of  Methyl  Iodide  on  the  Sodium  Derivative  of 
Ethyl  Ay-Butinene-aa-dicarboxylate. — In  carrying  out  this  method  of 
preparation,  sodium  (O'G  gram)  was  dissolved  in  alcohol,  mixed  with 
ethyl  Av-butinene-aa-dicarboxylate  (5  grams)  and  methyl  iodide 
(3-5  grams),  and  heated  on  the  water-bath  for  two  hours.  The  pro- 
duct was  mixed  with  water,  the  ester  extracted  with  ether,  and,  after 
removing  the  ether  by  evaporation,  the  residue  was  hydrolysed  by 
digesting  with  a  slight  excess  of  alcoholic  potash.  The  solution  was 
diluted  with  water,  evaporated  until  free  from  alcohol,  acidified,  and 
extracted  with  ether,  when  a  solid  acid  was  obtained  which  crystallised 
from  a  mixture  of  ether  and  light  petroleum  in  plates,  melted  at  134°, 
and  was  found  by  direct  comparison  to  be  identical  with  the 
A^-pentiuene-ySyS-dicar-boxylic  acid  described  above. 

A^-Pentinene-P-carboxylic  Acid,  CHIC-CHg-CHMe-COgH. 

When  A^-pentinene-/3/3-dicarboxylic  acid  is  heated  in  a  distilling 
flask  under  the  ordinary  pressure,  carbon  dioxide  is  eliminated  and  an 
oil  passes  over  at  200 — 210°  which,  after  redistillation,  boils  constantly 
at  207—208°  (768  mm.). 

0-2666  gave  0-6228  00^  and  01670  K.p.     C  =  63-7;  H  =  7-0. 
CgHgOg  requires  0  =  64-3  ;  H  =  7-l  per  cent. 

A^-Fentinene-j3-carboxylic  acid  is  a  viscous,  colourless  oil  which  has  an 
unpleasant  odour  somewhat  resembling  that  of  valeric  acid. 

It  is  rather  sparingly  soluble  in  water  and  its  solution  in  sodium 
carbonate  rapidly  decolorises  permanganate.  The  basicity  of  the  acid 
was  first  determined  by  titration  with  standard  caustic  potash  solution, 
when  0*3088  gram  neutralised  0-151  KOH,  whereas  this  amount  of  a 
monobasic  acid,  O^HgOo,  should  neutralise  0-153  KOH. 

The  silver  salt,  O^H-O^AgjAgOH,  is  obtained  as  a  white,  flocculent 
precipitate  when  silver  nitrate  is  added  to  a  slightly  alkaline  solution 
of  the  ammonium  salt.  It  was  collected  by  the  aid  of  the  pump, 
washed  well  and  dried  over  sulphuric  acid  in  a  vacuum  desiccator  : 

0-2271  gave  0-1429  Ag.     Ag  =  62-9. 

0-2796     „     0-1767  Ag.     Ag  =  631. 

OgH702Ag,AgOH  requires  Ag  =  62-8  per  cent. 

Ethyl  A^-Pentinene-^-carboxylate,  OH-C-OHg-OHMe-OO^Et. — In  pre- 
paring this  ester,  the   pui-e  acid   (15  grams)   was  mixed   with  a  cold 
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solution  of  sulphuric  acid  (10  c.c.)  in  alcohol  (80  c.c.)  and  allowed  to 
stand  for  ten  days  at  the  ordinary  temperature.  Water  was  then 
added,  the  oil  extracted  with  ether,  the  ethereal  solution  washed  well 
with  dilute  sodium  carbonate,  dried  over  calcium  chloride,  evaporated, 
and  the  ester  twice  fractionated  : 

0-1759  gave  0-4400  COg  and  0-1342  H^O.     C  =  68-2  ;  H  =  8-4. 
^8^12^2  I'equires  C  =  68-6  ;  H  =  8-6  per  cent. 

Ethyl  A^-2)entinene-^-Garboxi/late  has  a  pleasant  ethereal  odour  and 
distils  at  165—167^  (757  mm.). 

Action    of    Sodium    Ethoxide    on     Tribromoprojxme.     Formation    of 
fi-Bromoalhjl  Ethyl  Ether,  CH2:CBr-CH2-0-C2H5. 

When  tribromopropane  (100  grams)  is  added  to  a  cold  solution  of 
sodium  (24-5  grams)  in  alcohol  (300  grams),  a  rapid  rise  of  temper- 
ature takes  place  and  much  sodium  bromide  separates.  After  boiling 
on  the  water-bath  for  half  an  hour,  the  product  was  diluted  with 
water,  extracted  several  times  with  ether,  the  ethereal  solution  dried 
over  calcium  chloride,  and  the  ether  very  slowly  distilled  off.  On 
fractionating  the  oil,  it  was  separated  into  two  portions  boiling  at 
80— 130°  and  130—135°.  The  latter  is  jB-hromoalhjl  ethyl  ether  and 
identical  with  the  substance  which  Henry  [Ber.,  1872,  5,  188)  prepared 
from  ethyl  dibromohydrin,  CH2Br'CHBr'CH,'0"CoH-,  by  the  action 
of  caustic  soda  : 

0-2317  gave  0-3094  CO2  and  0-1169  HgO.     C  =  36-4;  H  =  5-6. 

0-1964     „     0-2203  AgBr.     Br  =  48-0. 

CgHgOBr  requires  0  =  36-3;  H  =  5-4;  Br  =  48-4  per  cent. 

The  fraction  80 — 130°  probably  contained  A^-propinene  ethyl  ether, 
CH:0'CH2*O*02H5,  since  it  yielded  a  silver  derivative  when  treated 
with  ammoniacal  silver  nitrate,  but  it  was  not  further  investigated. 

Preparation  of  Projnolic   Acid,   CH:C'C0oH,    and  Ethyl   Projnolate, 

CHiC-OOgEt.  " 

Since  Av-butinene-a-carboxylic  acid,  CH:0*OH2*OH2*002H,  is  closely 
allied  to  propiolic  acid,  it  was  thought  necessary  to  prove  this  relation- 
ship by  a  careful  comparison  of  their  physical  properties  and  especially 
of  the  magnetic  rotations  of  the  acids  and  their  esters.  Furthermore, 
considerable  quantities  of  propiolic  acid  were  required  for  other 
investigations  and  it  was  therefore  important  to  work  out,  as  carefully 
as  possible,  the  best  method  for  its  preparation.  After  many  com- 
parative experiments,  the  following  process,  which  is  a  modification  of 
that  devised  by  Bandrovvski   {Ber.,  1880,  13,  2340;  1882,  15,  2701) 

VOL.   XCI.  3   K 


834      PERKIN  AND  SIMONSEN  :   THE  ACTION  OF  TUIBROMOPROPANE 

and  Baeyer  [Ber.,  1885,  18,  677  and  2209),  was  adopted  as  the  most 
satisfactory, 

Dibromosucciuic  acid  (5U  grams)  is  dissolved  in  as  little  hot  alcohol 
as  possible,  allowed  to  cool,  and  then  treated  with  strong  alcoholic 
potash  (KOH  =  55  grams),  the  latter  being  added  in  four  portions,  the 
whole  well  agitated,  and  the  temperature  kept  below  40°  during  the 
addition.  A  caseous  precipitate  separates  at  first,  but  this  soon 
becomes  crystalline  and,  after  heating  on  the  water-bath  for  one 
hour,  the  product  is  filtered  by  the  aid  of  the  pump,  the  precipitate 
washed  twice  with  alcohol  and  dried  at  about  40°. 

The  colourless,  crystalline  mass  (potassium  acetylenedicarboxylate 
and  potassium  bromide)  from  three  such  operations  is  dissolved  in  as 
little  water  as  possible,  mixed  with  cold  30  per  cent,  sulphuric  acid 
(40  grams  HoSO^),  and,  after  remaining  overnight,  the  precipitate  is 
collected,*  dissolved  in  hot  water  (350  c.c),  and  heated  in  a  reflux 
apparatus  for  one  hour  on  the  water-bath  and  then  for  one  hour  to 
boiling.  The  solution  is  then  cooled,  acidified,  saturated  with  ammonium 
sulphate,  and  extracted  fifteen  times  with  washed  ether,  the  ethereal 
solution  is  dried  over  calcium  chloride,  evaporated,  and  the  propiolic 
acid  purified  by  distillation.  The  purity  of  the  acid  prepared  in  this 
way  was  controlled  by  analysis  : 

0-1521  gave  0-2850  COg  and  0-0411  H.A     C  =  51-l  ;  H  =  3-0. 
C3H2O0  requires  C  =  51'4;  H  =  2-9  per  cent. 

Propiolic  acid  distils  at  83 — 84°  (50  mm.)  and  solidifies  to  a  crystal- 
line mass  which  melts  at  about  9°;  the  yield  obtained  from  100  grams 
of  dibromosucciuic  acid  was  18 — 20  grams.  It  is  a  very  irritating 
liquid  which  blisters  the  skin  much  in  the  same  way  as  formic  acid 
does.  In  order  to  prepare  ethyl  propiolate,  it  is  not  necessary  to 
employ  sealed  tubes  as  recommended  by  Baeyer  (loc.  cit.,  p.  688). 

The  acid  (20  grams)  is  dissolved  in  alcohol  (60  c.c.)  and  sulphuric 
acid  (6  grams)!  ^^^  allowed  to  stand  for  two  days,  water  is  then 
added,  the  ester  extracted  with  ether,  the  ethereal  solution  washed 
with  dilute  sodium  carbonate,  dried  over  calcium  chloride  and 
fractionated  : 

0-1319  gave  0-2945  CO2  and  0-0749  H.p.     C  =  60-8  ;  H  =  6-4. 
C^HgO^  requires  C  =  6r2;  H  =  6  1  per  cent. 

*  The  filtrate  is  mixed  with  dilute  sulphuric  acid  (10  grams  H0SO4)  and,  if  a 
further  precipitate  separates,  this  is  collected  and  decomposed  by  heating  with  water 
and,  in  this  way,  a  further  small  quantity  of  propiolic  acid  may  sometimes  be 
obtained. 

t  If  larger  quantities  of  sulphuric  acid  are  employed  and  the  solution  is  heated, 
esters  of  higher  boiling  point  are  ajrt  to  be  produced  which  have  not  been  further 
iuvestigated. 
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Ethyl  2^'>'opiolafe,  CH:C"CO<,Et,  distils,  as  stated  by  Baeyer,  at 
119°  (745  mm.)  and  its  vapour  has  a  very  irritating  action  on  the 
eyes  and  skin. 

Densities,  Magnetic  notations,  and  Refractive  Powers  of  Ethyl 
i^y-Butinene-aa-dicarhoxylate,  Ethyl  ^y-Butinene-a-carboxylate, 
Ethyl  ^^-Pentinene-^fi-dicarhoxylate,  Ethyl  ^^-Pentinene-^- 
carboxylate,  Propiolic  Acid,  and  Ethyl  Propiolate. 

The  magnetic  rotations  and  refractive  powers  of  the  above 
substances  were  determined  by  Sir  W.  H.  Perkin,  with  the  following 
results. 

Ethyl  Ay-Butinene-aa-dicarboxylate. 

The  first  specimen  of  this  ester  examined  was  prepared  by  digesting 
the  acid  with  alcohol  and  sulphuric  acid  in  the  usual  way.  It  distilled 
at  129°  under  22  mm.  pressure. 

Density : 

(Z4°/4°=  1-0541;  cZ  15°/ 15°=  1-0444;  cZ  25°/25°=  1-0367. 

Magtietic  rotation  : 

t.  Sp.  rot.  jMoI.  rot. 

15-15°  1-1143  11-737 

Refractive  power  : 

d  15-9°/4°=  1-04175. 

— — V, 

IX.  d  d  ^ 

a 1-44253                 0-42479  84-108 

(3 1-45176                 0-43366  85-864 

y 1-45700                 0-43868  86-860 

Dispersion,  y  -  a  =  2*752. 

Since  these  results  did  not  agree  quite  satisfactorily  with  those 
obtained  in  the  case  of  the  corresponding  monocarboxylic  ester 
(p.  836),  a  second  specimen  of  the  ester  was  prepared  from  very  care- 
fully purified  dibasic  acid  by  treatment  with  sulphuric  acid  and  alcohol 
in  the  cold.  It  distilled  at  the  same  temperature  as  before  and  gave 
density  and  magnetic  rotation  values  agreeing  closely  with  those 
obtained  in  the  case  of  the  first  specimen. 

Density  : 

d  10°/10°=  1-0492  ;  d  15°/15°=  1-0449  ;  d  20720°=  1-0410. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

15-9°  1-1139  11-733 

8   K  2 
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Elhyl  ^y-Bulineiie-a-carhoxylate. 

The  specimen  examined  distilled  at  160 — 161°  (765  mm.). 

Density  : 

d  474°  =  0-96848;  d  15715°  =  0-95835  ;  d  25725°  =  0-95002. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

15-3°  1-1126  8-129 

Refractive  poiver : 

tZ  16  •7°/4°  =  0-95585. 

u-l  u-l 

~ ~ —  p. 

fji.  d  d   ^ 

a 1-42673       0-44644  56-251 

(3 1-43516       0-45525  57-362 

y 1-44001       0-46003  58-002 

Dispersion,  y  -  a  =  1  -75 1 . 

Ethyl  A^-Pentinene-l3ft-dicarboxylate. 
The  specimen  examined  distilled  at  122 — 123°  (15  mm.). 
Density : 

d4°/4°  =  1-04203;      d  15715°  =  1-03188;       cZ  20°/20°  =  102799; 
d25°/25°=  1-02421. 
Magnetic  rotation : 

t.  Sp.  rot.  Mol.  rot. 

16-6°  1-0457  11-949. 

Refractive  power  : 

d  17°/4°=  1-02913. 

fi.                               d  d   ^ 

a 1-43718       0-42481  90-059 

y« 1-44565       o"43303  91-803 

y 1-45066       0-43791  92-836 

Dispersion,  y  — a  =  2-777. 

Ethyl  /^^-Pentinene- fi-carboxylate. 

This  ester  distilled  at  165—167°  (757  mm.). 

Density  : 

(i  474°  =  0-95424;  cZ  15715°  =  0-94404  ;  cZ  20720^  =  0-93989  ; 
d  25725°  =  0-93602. 
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Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot 

16-75°  1-0944  9-030 

Refractive  power  : 

d  1774°  =  0-94128. 

H.  d  d 

a 1-42654  0-45314  63-440 

(3 1-43486  0-46198  64-677 

y 1-43991  0-46735  65-429 

Dispersion,  y  -  a  =  1  -989. 


Propiolic  Acid. 
The  specimen  examined  distilled  at  83 — 84°  (50  mm.). 
Density  : 

rf  474°=  1-1499;  (^  15715°=  1-1387;  (i  25725°  =  M301. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

15-3°  1-2415  4-241 

Refractive  pov^er  : 

d  15°/4°  =  1-13780. 

^Lzl.  azlp. 

fjL.                                d  d 

a 1-43146       0-37921  26-545 

^ 1-44293       0-38929  27-250 

y 1-44623       0-39218  27-452 

Dispersion,  y  -  a  =  0-907. 

Ethyl  Propiolate. 
This  ester  distilled  at  119°  (745  mm.). 
Density  : 

d  4°/4°  =  0-9788  ;  d  15715°  =  0-9676  ;  d  25725°  =  0-9583. 

Magnetic  rotation  : 

t.  Sp.  rot.  JIol.  rot. 

15-3°  1-1199  6-311. 
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Refractive  power  : 

d  15°/4°  =  0-96676. 

- —  - — p. 

a 1-41133                 0-42577  41-725 

/3 1-42065                 0-43542  42-671 

y 1-42611                 0-44108  42226 

Dispersion,  y  -  a  =  0-501 . 

The  consideration  of  the  results  obtained  in  the  determination  of 
the  magnetic  rotation  and  refractive  power  of  the  substances  described 
in  this  paper,  and  which  contain  the  grouping  CH:C*CH*,  was 
rendered  very  difficult  owing  to  the  want  of  sufficient  evidence  as  to 
the  value  of  the  acetylenic  linking.  The  only  acetylene  derivative 
which  had  been  examined  was  dipropargy!,  CHrC'CHg'CHg'CrCH,  the 
magnetic  rotation  of  which  was  found  to  be  10-435.  If  this  be 
compared  with  the  value  for  diallyl,CH2:CH-CH2-CH2-CH:CH2  (8-420), 
it  is  seen  that  the  change  from  two  ethylenic  linkings  to  two 
acetylenic  linkings  in  the  same  position  is  2-015.  Again,  the  effect 
of  converting  the  corresponding  saturated  substance  into  diallyl  is 
easily  calculated  by  subtracting  the  magnetic  rotation  of  hexane 
(6-646)  from  that  of  diallyl  (8420),  when  we  obtained  1-774  as  the 
rise  in  rotation  due  to  the  two  double  linkings,  or  0-887  *  for  each. 

These  considerations  seemed  to  indicate  that  the  rise  in  rotation, 
due  to  converting  the  group  'CHj'CHg*  into  •C:C*,  was  rather  more 
than  twice  that  which  is  produced  when  "CH^'CHg*  is  converted  into 
•CHICH*.  The  rotation  of  ethyl  A-y-butinene-a-carboxylate  was  there- 
fore calculated  in  the  following  way  : 

Mol.  rot. 

Ethyl  w-valerate  7-500 

Acetylenic  linking    1-905 

Calculated  rotation  9-405 

and,  since  the  value  actually  found  was  8-129,  the  inference  was  drawn 
that  this  ester  could  not  contain  an  acetylenic  linking  and  must 
therefore  be  an  unsaturated  closed  chain  compound  possessing  either 
of  the  formulae, 

CH2-CH-C02Et  CH,.    ^^^  ^^  ^^ 

1^1^  I     ^>CH-CO.,Et, 

CH=CH  '  CHglC—^  ^     ' 

or  some  formula  closely  allied  to  these,  and  the  observed  magnetic 
rotation  was  in  excellent  accord  with  this  assumption  (compare  Proc, 
1906,  22,  133). 

*  Owing,  no  doubt,  to  the  fact  that  diallyl  contains  tivo  double  linkings,  this 
number  is  rather  high.  The  usual  value  for  the  conversion  of  'CHa'CHg'  into 
•CH;CH'  deduced  from  a  large  number  of  cases  is  about  0-720. 
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During  the  course  of  this  investigation,  facts  gradually  came  to 
light  which  pointed  strongly  in  favour  of  the  acetylenic  constitution 
of  the  substances  described  in  this  paper,  and  it  therefore  became 
important  to  determine  the  magnetic  rotation  of  acetylene  derivatives 
other  than  dipropargyl  with  a  view  to  ascertaining  whether  this 
isolated  case  might  not  possibly  be  abnormal,  A  very  pure  specimen 
of  propiolic  acid,  CHrC'COoH,  was  accordingly  prepared  and  examined 
and  the  results  compared  with  the  magnetic  rotation  of  the  correspond- 
ing saturated  substance  : 

Mol.  rot. 

Pi'opiolic  acid     4'241 

Propionic  acid  3"462 

Difference 0-779 

with  the  surprising  result  that  the  rise  in  rotation  in  this  case  was 
found  to  be  almost  exactly  that  which  is  produced  when  a  saturated 
substance  is  converted  into  the  corresponding  unsaturated  substance 
containing  an  ethylenic  linking.  In  other  words,  the  rise  of  rotation 
was  only  half  that  which  had  been  observed  in  connexion  with  an 
acetylenic  linking  in  dipropargyl.  It  will  doubtless  be  found  that  the 
high  value  of  the  two  acetylenic  linkings  in  dipropargyl  is  due  to  the 
influence  which  the  two  groups  exert  on  one  another.* 

A  comparison  of  the  formulae  of  ethyl  propiolate,  CH:C*CO.,Et,  and 
ethyl  AY-butinene-a-carboxylate,  CH:C*CH2*CH2'COoEt,  shows  that 
these  substances  are  closely  related,  and  if  the  difference  for  the  chancre 
from  propionic  acid  to  propiolic  acid  is  applied,  we  find  that  the  calcu- 
lated rotation  of  ethyl  A^-butinene-a-carboxylate 

Ethyl  n-valerate    7-500 

Acetylenic  linking     0-779 

Calculated  rotation   8*279 

agrees  well  with  that  actually  found  (8-129),  especially  when  we  note 
that  the  acetylenic  linking  is  in  a  different  position  with  respect  to  the 
carboxyethyl-group  in  the  two  cases. 

Similarly,  it  may  be  shown  that  the  magnetic  rotation  values  of  ethyl 
A^-pentinene-)8-carboxylate  and  the  other  substances,  described  in  this 
paper  as  derivatives  of  acetylene,  are  in  all  cases  in  harmony  with  this 

*  While  this  communication  was  in  the  press  we  found  two  papers  by  Griner 
{Ann.  Chim.  Phys.,  1892  [vi],  26,  347)  and  Faworsky  {J.  pr.  Chem.,  1891,  [ii],  44, 
233)  in  which  it  is  shown  that  dipropargyl,  prepared  in  the  usual  manner  from 
diallyl,  is  a  mixture  of  hydrocarbons.  If,  as  seems  to  be  the  case,  ordinary  dipro- 
pargyl contains  the  hydrocarbon,  CHo'CjC'C-C'CHg,  the  presence  of  the  two 
associated  treble  linkings  may  account  for  the  high  value  foi;nd  for  the  magnetic 
rotation. 
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view  of  their  constitution.  It  is  also  interesting  to  observe  that  the 
values  obtained  for  the  refractive  power  of  propiolic  acid  and  its  ester 
point  in  the  same  direction  as  the  magnetic  rotation  values,  and  indicate 
that  the  rise  in  refraction,  due  to  the  introduction  of  the  acetylenic 
linking,  is  not  much  greater  than  that  produced  by  introducing  an 
ethylenic  linking. 

Thus  the  refractive  power  of  propiolic  acid  for  Ha  is  26545,  whereas 
the  value  calculated  for  an  acid,  C3H2O2,  containing  an  ethylenic  link- 
ing is  26'1. 

The  authors  Avish  to  express  their  thanks  to  the  Research  Fund 
Committee  of  the  Society  for  a  grant  in  aid  of  the  expenses  of  this 
investigation. 

The  Scuunck  Laboratory, 
The  Victoria  University  of  Manchester. 


LXXVII. — llie  Action  of  Trihromopropane  on  the  Sodium 
Derivative  of  Ethyl  Malonate.  Part  II.  Formation 
of  i:^'^^-IIeptadi-inene-^-carhoxylic  Acid  (^|r-m.-Tohlic 
Acid),  (CH:C-CH,)oC(CO,H)o. 

By   William    Henry    Perkin,    jun.,    and    John    Lionel    Simonsen 
(Schunck  Research  Fellow  in  the  University  of  Manchester). 

The  principal  product  of  the  action  of  tribromopropane  on  the  sodium 
derivative  of  ethyl  malonate  is  ethj/l  y-hromoallylmalonate,  a  detailed 
account  of  which  is  given  in  the  preceding  communication,  and  it  is 
there  stated  that  besides  this  substance,  another  bromo-ester  (b.  p. 
191°/11  mm.)  is  always  produced  in  considerable  quantities.  In- 
vestigation has  shown  that  this  bromo-ester  is  ethyl  yy-dih'omodiallyl- 
malonate,  produced  according  to  the  equation 
2CH2Br-CHBr-CH2Br  +  4NaCH(C02Et)2  = 

(CH2:CBr-CH2)2C(C02Et)2  -f  3CH2(C02Et)2  -f-  4NaBr. 
When  this  ester  is  digested  with  alcoholic  potash,  it  is  decomposed 
with  elimination  of  hydrogen  bromide  and  formation  of  ^"-i-heptadi- 
ineyie-h-cao-hoxylic  acid, 

CTic-CH:>CH-003, 

which  crystallises  in  prisms  and  melts  at  47°.     This  interesting  acid, 
like  Ay-butinene-a-carboxylic  acid,  CHiC-CHg-CHg-COgH   (p.  827),  of 
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which  it  is  a  derivative,  evidently  contains  acetylene  linkings,  since  it 
yields  a  copper  derivative  when  its  aqueous  solution  is  mixed  with 
ammoniacal  cuprous  chloride  and  the  silver  salt  has  an  abnormal 
composition,  the  analytical  numbers  lying  between  those  required  by 
the  formuliB  CgH.O^Ag.AgOH  and  2AgOH. 

The  interest  which  attaches  to  this  acid  is  due  to  the  extraordinary 
ease  with  which  it  is  converted  into  the  isomeric  ?>i-toluic  acid,  and  this 
remarkable  intramolecular  change  led  us  in  the  first  instance  (Proc, 
1906,  22,  134)  to  name  the  acid  "  {l/-m.-toluic  acid"  and  to  assign  to  it 
the  constitution 

CH  •C-CH,-C-CO„H 

2     I  2     II  2 

ch:ch-ch 

The  conversion  into  m-toluic  acid  takes  place  when  the  acid  is  simply 
boiled  with  water  or  when  it  is  treated  in  the  cold  with  hydrobromic 
acid,  but  heat  alone  does  not  bring  about  this  change. 

The  disco veiy  that  the  acid  yields  a  copper  derivative  and  especially 
the  study  of  the  values  obtained  in  the  determination  of  the  magnetic 
rotation  of  ethyl  ij/-7n-tohva,te  (p.  845)  caused  us  to  discard  the  above 
formula,  and  there  can  now  no  longer  be  any  doubt  that  the  constitu- 
tion of  the  acid  is  represented  by  the  formula 

ij/-m-Tolmc  acid  is  therefore  somewhat  closely  allied  to  ^'sophenyl- 
acetic  acid,* 

ch:ch-ch 

(Buchner,  Ber.,  1898,  31,  987;  Braren  and  Buchner,  Ber.,  1891,  34, 
987),  and  it  is  worthy  of  note  that  this  acid  when  heated  at  100°  with 
a  solution  of  hydrogen  bromide  in  acetic  acid  is  converted  by  intra- 
molecular change  into  a  derivative  of  ^-toluic  acid, 

The  only  other  somewhat  similar  cases  which  we  have  been  able  to 
find  are  the  formation  of  tetramethyldihydrobenzene  (euterpene)  from 
dihydroeucarveol  by  the  action  first  of  phosphorus  pentachloride  and 
then  of  quinoline  (Baeyer,  Be)'.,  1898,  31,  2077), 

^„^^      .CH(0H)-CH2-CIVre.,  ^^^      ,CH-CH.,.    ^^^^ 

CHMe<^jj^^_  J_^^l^^  -     -^      C^^<CMe:CH>^^^^- 

*  For  some  time  we  were  of  opinion  that  >|/-?n-toluic  acid  was  identical  with 
a-2sophenylacetic  acid,  and  we  are  greatly  indebted  to  Prof.  Buchner  for  sending  us  a 
specimen  of  this  valuable  acid  which  enabled  us  to  decide  against  the  identity. 
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and  the  case  of  eucarvone,  which  when  heated  to  boiling  for  an  hour 
is  quantitatively  converted  into  carvacrol, 

^^^     .CO-CH2-CMe2  ^^^     .C(OH)=CH.   ^  ^,„^^ 

and  when  treated  in  the  cold  with  phosphorus  pentachloride  yields 
2-chlorocymene  (Klages  and  Kraith,  Ber.,  1899,  32,  2558). 

In  endeavouring  to  find  an  explanation  of  the  remarkable  ease  with 
which  i^-m-toluic  acid  is  converted  into  ??i-toluic  acid,  it  should  be 
borne  in  mind  that  the  intramolecular  change  takes  place  rapidly  when 
the  acid  is  boiled  with  water  or  dilute  acids,  but  is  not  brought  about 
by  heat  alone  (p.  843).  If  we  assume  that  the  water,  which  appears 
to  be  essential  to  the  transformation,  is  added  to  the  acetylenic  linkings 
in  \p-m-to\\i\c  acid  (in  the  way  so  frequently  observed  in  other  cases) 
and  is  then  eliminated  again,  we  obtain  the  following  comparatively 
simple  explanation  of  the  conversion  into  m-to\\i\c  acid : 

CH3-C(0H):0H.  CH3^C==CH. 

>CH-CO.,H   -^   CH/  >CH-C02H  — > 

CH3-C(0H):CH/  ^  \C(OH):CH/ 

CIIo~/CGHk  CHg^/C  —  CHk 

CH/  >CH-C02H    — >       Cii/  ^C-CO.,H. 


Ethyl  yy-Dibromodiallyhnalonate,  (CH.2lCBr'CH2)9C(C0.2Et)2,  and  its 
Conversion  into  ^'^^-Heptadi-inene-S-carboxylic  Acid  {\p-m.-Toluic 
Acid),  (CH:C-CH2)2C(C02H)2. 

When  tribromopropane  reacts  with  the  sodium  derivative  of  ethyl 
malonate,  under  the  conditions  described  in  the  preceding  communica- 
tion, an  oil  {A)  of  high  boiling  point  is  always  obtained  in  consider- 
able quantity  (compare  p.  821).  This  was  twice  fractionated  under 
11  mm.  pressure,  when  almost  the  whole  quantity  distilled  at  about 
191°: 

0-2296  gave  0-3313  CO,,  and  0-0971  H2O.     C  =  39-3  ;  H  =  4-7. 

0-2434     „     0-2310  AgBr.     Br  =  40-3. 

Ci3Hi804Br2  requires  C  =  39-2  ;  H  =  4-5  ;  Br  =  40-2  per  cent. 

Ethyl  yy -dibromodiaUylmalonate  is  a  viscid,  heavy  oil,  possessing  a 
rather  unpleasant  odour,  and  is  very  slowly  attacked  by  boiling  with 
dilute  sulphuric  acid  or  with  potassium  carbonate.  Its  conversion 
into  xp-ni-tolmc  acid  was  effected  as  follows. 

The  dibromo-ester  (20  grams)  was  mixed  with  a  strong  solution  of 
caustic  potash  (25  grams)  in  methyl  alcohol,  when  a  large  quantity 
of  sodium  bromide  immediately  separated,  and,  after  boiling  for  three 
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hours  on  the  water-bath,  the  solution  was  diluted  with  water  and 
evaporated  until  free  from  alcohol.  After  mixing  with  powdered  ice, 
hydrochloric  acid  was  added  until  the  solution  just  reacted  with  congo- 
paper,  and  the  oily  precipitate  was  rapidly  extracted  three  times  with 
ether.  The  ethereal  solution  was  dried  over  calcium  chloride  and 
evaporated,  when  an  oil  remained  which,  over  sulphuric  acid  in  a 
vacuum  desiccator,  gradually  crystallised.  The  ci'ystals  were  left  in 
contact  with  porous  porcelain  until  quite  free  from  oil,  and  then 
recrystallised  several  times  from  light  petroleum  (b.  p.  60 — 70°). 
Three  different  preparations  were  analysed  : 

0-1027  gave  0-2639  CO^  and  0-0533  HgO.     C  =  70-1 ;  H - 5-8. 
0-1837     „     0-4670  CO2    „    0-0998  HgO.     0  =  69-3  ;  H- 6-0. 
0-1459     „     0-3726  CO2    „    0-0782  H2O.     C  =  69-6  ;  H  =  6-0. 
CgHgOg  requires  C  —  70-5;  H  =  5-9  per  cent. 

^°-^-Heptadi-{nene-S-carboxylic  acid  {i{/-m-to\uic  acid)  melts  at  47°  and 
is  unaltered  by  heating  at  150°  for  half  an  hour,  since  the  acid  solidified 
again  on  cooling  and  melted  at  the  same  temperature  as  before.  It  is 
readily  soluble  in  most  organic  solvents,  but  i-ather  sparingly  so  in 
cold  water  or  light  petroleum.  When  its  solution  in  light  petroleum 
is  allowed  to  evaporate  spontaneously,  the  acid  separates  in  magnifi- 
cent, glistening  prisms.  The  solution  of  the  sodium  salt  decolorises 
permanganate  instantly,  but  the  acid  is  not  reduced  when  it  is  treated 
with  a  large  excess  of  sodium  amalgam  in  the  cold.  The  aqueous 
solution  of  the  acid  gives  with  ammoniacal  cupi-ous  chloride  an  imme- 
diate dense  yellow  precipitate  of  the  copper  derivative.  The  deter- 
mination of  the  dissociation  constant  of  t/'-??i-toluic  acid  gave 
^  =  0-01307,  which  is  considerably  higher  than  that  of  m-toluic  acid 
(^  =  0-00514). 

Salts  of  {j/-m-Toluic  Acid. — The  basicity  of  the  acid  was  determined 
by  titration  with  standard  caustic  potash  solution,  when  0-1299 
neutralised  0-072  KOH,  whereas  this  amount  of  a  monobasic  acid, 
CgHgOg,  should  neutralise  0-0727  KOH.  The  neutral  solution  of 
the  ammonium  salt  gives  no  precipitate  with  barium,  calcium,  zinc,  or 
magnesium  chloi-ides ;  copper  sulphate  gives  no  precipitate  in  the  cold, 
but,  on  warming,  a  deep  blue  copper  salt  separates. 

The  silver  salt,  like  the  corresponding  silver  salt  of  Av-butinene-a- 
carboxylic  acid  (p.  827),  has  an  abnormal  composition.  It  was 
prepared  by  adding  excess  of  silver  nitrate  to  a  cold,  slightly  alkaline 
solution  of  the  ammonium  salt,  and  obtained  in  the  form  of  a 
voluminous,  white  precipitate,  which  was  collected  by  the  aid  of  the 
pump,  washed  with  warm  water,  alcohol,  and  ether,  and  dried  over 
sulphuric  acid  in  a  vacuum  desiccator.  Although  only  slowly  affected 
by  light,  this  salt  is  highly  explosive,  and  the  silver  had  therefore  to 
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be  determined  as  chloride  by  heating  the  salt  with  hydrochloric  and 
nitric  acids  in  a  sealed  tube.  Two  different  preparations  gave  the 
following  results : 

0-3615  gave  0-3035  AgCl.     Ag  =  63-1. 

0  1704     „     01464  AgCl.     Ag  =  64-6. 
CgHijOgAgjAgOH    requires    Ag  =  58-7;    C8Hy02Ag,2AgOH    requires 
Ag  =  65-7  per  cent. 

These  analyses  indicate  that  the  salt,  prepared  in  the  above 
manner,  is  a  mixture  of  varying  quantities  of  the  two  silver  salts, 
C8H.02Ag,AgOH  and  C8H702Ag,2AgOH. 

Ethyl  \p-VLi-toluate,  (CH:C*CH2)2CH*C02Et,  was  prepared  by  adding 
the  pure  acid  (20  grams)  to  a  cold  mixture  of  alcohol  (100  c.c.)  and 
sulphuric  acid  (10  c.c),  and,  after  remaining  for  a  week,  the  solution 
was  mixed  with  water  and  the  ester  extracted  with  ether.  The 
ethereal  solution  was  washed  with  water  and  dilute  sodium  carbonate, 
the  ether  evaporated,  and  the  ester  distilled  under  reduced  pressure  : 

0-1250  gave  0-3334  COg  and  0-0821  H2O.     C  =  72-7j  H  =  7-3. 
Cj^HjgOg  requires  C  =  73-l  ;  H  =  7-3  per  cent. 

Ethyl  xp-vd'toluate  is  a  colourless  oil  which  possesses  a  pleasant, 
ethereal  odour  and  distils  at  113°  (20  mm.).  On  hydrolysis  it  yields 
\p-m-io\\x\c  acid,  showing  that  no  molecular  change  had  taken  place 
during  its  preparation. 

The  density,  magnetic  rotation,  and  refractive  power  of  ethyl 
j/'-Tn-toluate  and  of  a  very  pure  specimen  of  ethyl  7?z-toluate  were 
determined  by  Sir  W.  H.  Perkin  with  the  following  results  : 

Ethyl  ifz-m-Toluate. 
Density  : 

d  10710°=  1-0052;  d  15715°=  1-0009;  d  20720°  =  0-9971. 

Magnetic  rotation : 

L  Sp.  rot.  Mol.  rot. 

15-4°  1-3031  11-876 

Refractive  poiver  : 

d  15-3°/4°  =  0-99993. 

d    '  fl! 

a 1-45795                 0-45798  75-109 

(3 1-46806                 0-46809  76-767 

y 1-47397                0-47401  77-737 

Dispersion,  y  — a  =  2-628, 
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Ethyl  m-Toluate,  b.  p.  231°  (750  mm.)- 
Density  : 

cZ  10710°=  10374;  cZ  15715°=  1-0336;  cZ  20720  =  1-0301. 


Magnetic  rotation  : 

t 
15- 

Refractive  powey 


t.  Sp.  rot.  Mol.  rot. 

15-5°  1-6746  14-773 


d  14-5°/4°=  1-03313. 

d  d  ^' 

a 1-50468                 0-48850  80-114 

/3  1-52085                 0-50415  82-680 

y 1-53124                 0-51420  84-329 

Dispersion,  y-a  =  4-215. 

These  values  are  interesting  in  several  ways.  In  the  first  place 
they  show  clearly  the  close  relationship  existing  between  ethyl 
j/'-m-toluate  and  ethyl  Av-butinene-a-carboxylate. 

Ethyl  Ar-butinene-a-carboxylate,  CH:C-CH2-CH2-C02Et,  may  be 
regarded  as  acetic  ester  in  which  hydrogen  has  been  replaced  by  the 
group  CHiC-CHo*,  and  the  value  for  this  group  may  therefore  be 
calculated  by  subtracting  the  rotation  of  ethyl  acetate  (4-462)  from 
that  of  ethyl  Av-butinene-a-carboxylate  (8-129)  and  amounts  to  3-667. 
Since,  then,  ethyl  ./.-m-toluate,  (CH:C-CH2)oCH-C02Et,  is  acetic  ester 
in  which  two  atoms  of  hydrogen  have  been  replaced  by  two 
CHJC'CHo*  groups,  it  is  clear  that  the  magnetic  rotation  of  this  ester 

may  be  calculated  in  the  following  way  : 

Mol.  rot. 

Acetic  ester   4-462 

2CH:C-CH,-  replacing  2H 7-334 

Ethyl  i//-??i,-toluate  (calc.) 11-796 

This  number  agrees  well  with  that  actually  found  (11-876),  and  this 
fact  is  strong  evidence  in  favour  of  the  views  of  the  constitutions  of 
A-c-butinene-a-carboxylic  acid  and  i/^-??i-toluic  acid  which  have  been 
adopted  in  these  communications.  Another  point  of  interest  in  con- 
nexion with  the  relationship  between  i/^-m-toluic  and  ?n-toluic  acids  is 
the  remarkable  rise  in  magnetic  rotation  and  also  in  refractive  power 
and  dispersion  which  accompanies  the  intramolecular  change  fi'om  the 
i/^-acid  to  the  benzene  derivative,  as  is  well  seen  from  the  following 

comparison  : 

Mol.  rot.  Refra3tioii.  Dispersion. 

./.-m-Toluic  ester  11-876  75-109             2-628 

m-Toluic  ester     14-773  80-114             4-215 
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Mr.  E.  C.  C.  Billy  kindly  undei-took  to  deteriiiiue  the  ultra-violet 
absorption  spectra  of  i/'-?/i-toluic  acid  and  m-toluic  acid,  and  the 
absorption  curves  of  these  substances  are  shown  in  the  accompanying 
figure. 

Oscillation  frequencies. 
3000  32   34   36    38  4000  42   44    46   48 


25,000 


Upper  curve  :  y^-m-Toluic  acid. 
Lower  curve  :  m-  Toluic  acid. 


Mr.  Baly  adds  the  following  comment.  "  iZ^-m-Toluic  acid  shows  a 
small  absorption  band  which  is  undoubted  evidence  of  some  form  of 
tautomerism,  and  this  may,  possibly,  be  due  to  the  mobility  of  two 
hydrogen  atoms  of  the  two  'CHo*  groups,  and  may  be  expressed 
thus  : 


CH:C-CH.- 


CH:C-CH.v 


2>CH-C0,H 


— > 


cl!!c!cH>^'H-CO^H. 


There  is  a  very  striking  difference  between  the  curves  of  i/^-9«- toluic 
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and  m-toluic  acids,  for,  although  they  are  of  the  same  shape,  the 
benzenoid  absorption  occurs  at  a  hundred  times  the  dilution  at  which 
the  absorption  of  the  i/^-acid  occurs.  This  is  clear  evidence  that 
\l/-m-to\mc  acid  is  not  benzenoid  in  character,  since  simple  benzene 
derivatives  do  not  exhibit  their  absorption  spectra  at  such  great 
concentrations  (iV710)." 


Conversion  of  ^'^^-Heptadi-inene-B-carhoxylic  Acid  (i/^-m-Toluic 
Acid)  into  va-Toluic  Acid. 

This  remarkable  intramolecular  change  takes  place  readily  under 
the  following  conditions. 

(a)  By  Boiling  with  Water. — When  i/'-??i-toluic  acid  is  boiled  with 
water  for  two  hours  it  completely  dissolves  and,  on  cooling,  a 
crystalline  acid  sepax'ates  which  melts  at  110 — 111°  and  consists  of 
pure  va-toluic  acid. 

0-0944  gave  0-244  COg  and  0-052  H^O.     C  =  70-5,  H  =  6-1. 
CgHgOo  requires  C  =  70-5  ;  H  =  5-9  per  cent. 

The  same  result  is  obtained  when  the  acid  is  digested  with  dilute 
hydrochloric  or  sulphuric  acids. 

(b)  By  the  Action  of  Hydrohromic  Acid  in  the  Cold. — In  carrying  out 
this  experiment,  i/^-??i-toluic  acid  (1  gram)  was  dissolved  in  a  cold 
solution  of  hydrogen  bromide  in  acetic  acid  (saturated  at  0°,  5  grams), 
and,  after  standing  overnight,  the  solution  was  allowed  to  evaporate 
over  solid  potash  in  a  vacuum  desiccator,  when  an  almost  colourless, 
crystalline  residue  remained  which,  after  crystallisation  from  light 
petroleum,  melted  at  110°  and  consisted,  as  direct  comparison  showed, 
of  pure  m-toluic  acid. 

(c)  By  the  Action  of  Phosphorus  Pentachloride. — This  experiment, 
made  with  the  object  of  preparing  the  amide  of  xp-m-tcAnic  acid, 
resulted  in  the  formation  of  the  amide  of  ??i-toluic  acid.  i^-m-Toluic 
acid  (6  grams)  was  mixed  with  phosphorus  pentachloride  (10  grams) 
and,  when  the  reaction  had  subsided,  the  liquid  was  warmed  until  the 
pentachloride  had  completely  dissolved.  The  product  was  cooled  and 
then  added,  drop  by  drop,  to  concentrated  aqueous  ammonia  sur- 
rounded by  ice.  A  good  deal  of  a  dark  tarry  mass  separated,  this 
was  filtered  off,  and  the  filtrate,  on  standing,  deposited_^  crystals  of 
an  amide  which  separated  from  ether  in  colourless  needles  and  melted 
at  93° : 

0*1959  gave  16-2  c.c.  nitrogen  at  12-5  and  758  mm.     N  =  9-7. 
CgHgOgN  requires  N  =  9-3  per  cent. 

That   this  substance  was  the  amide  of  ?rt-toluic  acid  and   not  of 
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i}/-in-to\inc  acid  was  proved  l^y  hydrolysis  with  alcoholic  potash,  when 
it  yielded  pure  ?/i-toluic  acid  of  melting  point  IIC^.  Moreover,  Reinsen 
and  Keid  (Ame7\  Chem.  J.,  1899,  21,  290)  state  that  the  amide  of 
7n-toluic  acid  melts  at  94°. 

TuE  SciiuNCK  Laboratory, 
The  Victoria  University  of  Manchester, 


LXXVIII. — The   Action    of    Trihromoijropane    on    the 
Sodium  Derivative  of  Ethyl  Acetoacetate. 

By  Thomas  Edward  Gardner  and  William  Henry  Perkin,  jun. 

When  tribromopropane  is   digested   in  alcoholic   solution    with   the 
sodium  derivative  of  ethyl  acetoacetate,  decomposition  takes  place  readily, 
and  the  principal  product  of  the  action  is  et/ujl  y-bromoallylacetoacetate 
(b.  p.  121°  under  8  mm.): 
OHgBr-CHBr-CHgBr  +  2COMe-CHNa-C02Et  = 

CHo:CBr-CH2-CH(C0xMe)C0^Et  +  COMe-CHg-CO.^Et  +  2NaBr. 
Hydrolysis  with  alcoholic  potash  converts  ethyl  y-bromoallylaceto- 
acetate into  Ay-butinene-a-carboxi/lic  acid,  CHIC'CHg'CHg'COgH,  but 
when  digested  with  dilute  sulphuric  acid  it  gradually  undergoes  ketonic 
hydrolysis  with  formation  of  y-hromoallylacetone  (b.  p.  83°  under 
8  mm.) : 

CHo:CBr-CH2-CH(COMe)CO,Et  +  H.O  = 

CH2:CBr-CH2-CH2-COMe  +  CO2  +  Et-OH. 

y-Bromoallylacetone  yields  an  oxime  and  a  semicai'bazone,  and  when 
reduced  with  alcohol  and  sodium  is  converted  into  2-hydroxy-6- 
hexene  (methylcrotonylcarbinol),  CH2:CH'CH2-CH2-CH(OH)Me. 

When  the  bromo-ketone  is  digested  with  alcoholic  potash  it  is  decom- 
posed with  elimination  of  hydrogen  bi"omide  and  formation  of  methyl 
Ay-butinene  ketone,  CH:C*CH2*CH2'COMe;  a  colourless  oil  distilling  at 
149°  (749  mm.),  which  yields  a  crystalline  oxime  and  semicarbazone 
and  shows  the  behaviour  of  an  acetylene  derivative,  since  it  gives  a 
yellow  precipitate  of  the  copper  derivative  when  its  aqueous  solution 
is  mixed  with  ammoniacal  cuprous  chloride. 

The  sodium   derivative  of  ethyl   methylacetoacetate  reacts  readily 
with    tribromopropane,   and    the  ethyl  methyl-y-bromoallyJacetoacetate, 
CH2:CBr-CH2*CMe(COMe)C02Et,    produced,    when     hydrolysed    by 
alcoholic  potash,  yields  A^-pentinene-j3  cai'boxylic  acid, 
CHrC-CHg-CHMe-COgH. 
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In  the  preceding  communication  it  was  bhown  that  one  of  tlie 
products  of  the  action  of  tribromopropana  on  the  sodium  derivative  of 
ethyl  malonate  is  ethyl  yy-dibromodiallyhnalonate, 

(CH2:CBr-CII^),C(COoEt)2, 
and   that  this  substance,  on  hydrolysis  with  alcoholic  potash,  yields 
A"^-heptadi-inene-S-carboxylic  acid  {ip-m-to\mc  acid), 

The  analogous  substance,  ethi/l  yy-dibromodialli/lacetoacetate, 
(CHo:CBr-CH2)oC(COMe)CO,Efc, 
is  produced  during  the  action  of  tribromopropane  on  the  sodium  deriv- 
ative of  ethyl  acetoacetate,  and  is  also  hydrolysed  by  alcoholic  potash 
with  formation  of  i/'-??i-toluic  acid. 

Hlhtjl  y-Bromoallylacetoacetale,  CH^:CBr'CH2-CH(COMe)-C02Et. 

In  preparing  this  substance,  sodium  (23  grams)  was  dissolved  in 
alcohol  (300  c.c.)  and  when  quite  cold  mixed  with  ethyl  acetoacetate 
(130  grams)  and  tribromopropane  (145  grams).  Reaction  commenced 
in  the  cold,  and,  after  heating  for  three  hours  on  the  water-bath,  water 
was  added,  the  oil  extracted  with  ether,  the  ethereal  solution  washed 
well,  dried  over  calcium  chloride,  evaporated,  and  the  residual 
oil  repeatedly  fractionated  under  a  pressui'e  of  8  mm.  It  was  thus 
separated  into  three  portions,  namely,  unchanged  ethyl  acetoacetate, 
an  oil  boiling  at  120 — 121°,  and  an  oil  {C)  which  distilled  approxi- 
mately at  175 — 180°  and  which  is  further  described  on  p.  854. 

The  oil  distilling  at  120 — 121°  (8  mm.)  is  ethyl  y-brotnoalhjlaceto- 
acetate  : 

0-2555  gave  0  4020  CO2  and  0-1215  H^O.     0  =  429;  H-5-3. 

0-2578     „     0-1983  AgBr.     Br  =  32-7. 

CgH^gOgBr  requires  C  =  43-3  ;  H  =  52  ;  Br  =  32-1  per  cent. 

Ethyl  y-bromoallylacetoacetate  is  a  colourless  oil  of  unpleasant 
odour  which  has  the  specific  gravity  ci  10710°=  1-3620  ;  d  15°/15°  = 
1-3569  ;  d  20°/20°-  1-3522.  It  is  a  very  stable  substance,  since  it  is 
apparently  unchanged  by  boiling  with  diethylaniline,  and  even 
quinoline  at  the  boiling  point  seems  to  attack  it  only  very  slowly. 

When  this  ester  is  digested  with  alcoholic  potash,  separation  of 
potassium  bromide  occurs,  and  the  product,  after  evaporation  with 
water,  acidifying,  and  extracting  with  ether,  yields  an  acid  of  melting 
point  53°,  which  consists  of  almost  pure  Ay-butinene-a-carboxylic  acid, 
since  a  mixture  of  equal  quantities  of  this  acid  and  of  the  acid  of  this 
constitution  described  in  the  previous  communication  (p.  827)  melted 
at  55—57°. 
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y-Bromoallylacdone,  CHglCBr'CHg'CHg-CO'CHg. 

This  ketone  is  produced  when  ethyl  y-bromoallylacetoacetate  is 
digested  with  dilute  sulphuric  acid.  The  crude  bromo-ester,  distilling 
at  120 — 130''  (8  mm.)  in  quantities  of  100  grams,  was  digested  with 
20  per  cent,  sulphuric  acid  (400  c.c.)  for  several  hours,  cooled,  and 
extracted  three  times  with  ether.  After  drying  over  calcium  chloride 
and  evaporating,  the  residue  was  sepai-ated  into  y-bromoallylacetone, 
distilling  at  83°  (8  mm.),  and  unchanged  ethyl  y-bromoallylacetoacetate, 
which  latter  was  again  heated  with  dilute  sulphuric  acid,  and  in  this 
way  a  very  good  yield  of  the  brorao-ketone  was  ultimately  obtained  : 

0-23G6  gave  0-3520  CO,  and  0-1120  Hp.     C  =  40-6;  H  =  5-3. 

0-3120     „     0-3315  Agiir.     Br  =  45-2. 

CoHgOBr  requires  C  =  40-7;  H  =  5-l;  Br  =  45  2  per  cent. 

y-Bruiiioallylacetone  distils  at  83°  (8  mm.),  and,  when  quite  pure,  at 
about  195°  (757  mm.)  with  little  decompo-sition. 

The  oxime,  CH^ICBr'CHj'CH^'CMelN'OH,  was  prepared  as 
follows. 

Sodium  (2-3  grams)  was  dissolved  in  methyl  alcohol  and  mixed  with 
a  concentrated  aqueous  solution  of  hydroxylamine  hydrochloride 
(7  grams),  and,  after  filtering  from  the  precipitated  sodium  chloride, 
the  bromo-ketone  (12  grams)  was  added  to  the  filtrate.  The  solution 
was  allowed  to  stand  for  twenty-four  hours,  diluted  with  water,  and  the 
oxime  extracted  with  ether  ;  the  ethereal  solution  was  washed,  dried 
over  calcium  chloride  and  evaporated,  and  the  residue  rapidly  distilled 
under  reduced  pressure  : 

0-2371  gave  16  c.c.  nitrogen  at  19°  and  7G2  mm.     ISr  =  7-8. 
CgHjijONBr  requires  N  =  7*3  per  cent. 

y- Br omoallylacetoxime  i?,  Q.  co\o\xv\qss  oil  which  distils  at  118 — 120° 
under  12  mm.  pressure. 

y-Bromoallylacetone  semicarbazone, 

CH^ICBr-CHg-CH./CMelN-NH-CO-NHg. 
— When  the  bromo-ketone  (1*8  grams)  is  mixed  with  a  concentrated 
aqueous  solution  of  semicarbazide  hydrochloride  (1-2  grams)  and 
sodium  acetate  (3  grams)  and  vigorously  shaken  on  the  machine,  the 
crystalline  semicarbazone  soon  commences  to  separate.  After  several 
hours,  the  crystals  were  collected  at  the  pump,  washed  first  with  water, 
then  with  alcohol,  and  purified  by  recrystallisation  from  alcohol,  when 
the  semicarbazone  was  obtained  in  glistening  plates  melting  at  150° 
without  decomposition  : 

0-2200  gave  35  c.c.  nitrogen  at  15°  and  756  mm.     N=  18-5. 
C^HjgONgBr  requires  N  =  17-7  per  cent. 
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Reduction  of  y-Bromoallylacetone  to  ' 2-ITt/droxy-5-hexene  (mefchyl- 
crotonylcarbinol),  CliI.^:CB.-CH.-^-Cl{^-CH{OB.)'CR^.—V/hen  a  solution 
of  the  bromo-ketone  (20  grams)  in  alcohol  (50  grams)  is  gradually 
added  to  sodium  (30  grams),  heated  in  a  reflux  apparatus  at  120°  by 
means  of  an  oil-bath,  a  vigorous  reaction  takes  place  with  separation 
of  sodium  bromide,  and  when  this  has  slackened  alcohol  is  gradually 
added  until  the  whole  of  the  sodium  has  dissolved.  The  product  is 
mixed  with  water,  extracted  several  times  with  ether,  the  ethereal 
solution  washed  with  water,  dried  over  potassium  carbonate,  and 
evaporated,  when  an  oil  remains  which  distils  at  140°  (759  mm.)  : 

0-1412  gave  0-3726  CO2  and  0-1550  H2O.     C  =  72-0;  H  =  12-2. 
CgHigO  requires  C  =  72-0;  H=  12-0  per  cent. 

Methylcrotonylcarbinol  had  already  been  prepared  by  Crow 
(Annalen,  1880,  201,  42)  from  allylacetone  by  reduction  with 
sodium  amalgam  and  the  boiling  point  observed  by  that  author 
was  139°. 

When  this  alcohol  was  oxidised  with  chromic  acid  mixture,  using 
an  excess  of  25  per  cent.,  an  oil  was  obtained  which  contained 
unchanged  alcohol,  but,  after  purification  by  conversion  into 
the  semicarbazone  and  regeneration  by  dilute  hydrochloi'ic  acid, 
it  distilled  at  128°  (749  mm.)  and  consisted  of  pure  allylacetone  : 

0-1285  gave  0-3464  COo  and  0-1204  H2O.     0  =  735;  H  =  10-4. 
CgHjoO  requires  C  =  735  ;  H  =  10-2  per  cent. 

The  den.-5ity  and  magnetic  rotation  of  y-bromoallylacetoue  were 
idetermined  by  Sir  W.  H.  Perkin,  with  the  following  i-esults  : 

Density  : 

d  10°/10°=  1-38989  j  d  15°/15°=  1-38439;  c?  20720°=  1-37934. 

Mag7ietic  rotation : 

t.  iSp.  rot.  Mol.  rot. 

17-2°  1-4018  9-973 


Methyl  Ay-Butimne  Ketone,  CH-C'CHg'CR./CO-CHg. 

In  preparing  this  ketone,  y-bromoallylacetono  (60  grams)  was  mixed 
"with  a  hot  solution  of  caustic  potash  (60  gram.s)  in  methyl  alcohol 
'(200  grams)  and  the  mixture  heated  on  the  water-bath  for  three  hours, 
ivhen  decomposition  took  place  readily  with  separation  of  potassium 
•bromide  and  the  liquid  became  very  dark-coloured. 

The  product  was  mixed  with  water  and  the  ketone  extracted  several 
times  with  ether,  the  ethereal  solution  was  washed  with  water,  dried 
•over  calcium  chloride,  evaporated,  and  the  re.'-idual  crude  ketone  piui- 
•fied  by  distillation  under  reduced  pressure  : 

3  L  2 
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01311  gave  0-3595  CO2  and  O'lOlO  H,0.     C  =  74-8  j  H  =  8-5. 
CgllyO  requires  C  =  75  0  ;  H  =  83  per  cent. 

Methyl  ^y-butinene  ketone  distils  at  149°  (749  mm.)  and  has  a 
characteristic  odour.  It  readily  decolorises  permanganate,  gives  a 
voluminous,  yellow,  copper  derivative  when  its  aqueous  solution  is  mixed 
with  ammoniacal  cuprous  chloride,  and  yields  crystalline  derivatives 
with  sodium  hydrogen  sulphite,  phenylhydrazine,  hydroxylamine,  and 
semicarbazide.  It  was  unfortunate  that,  owing  to  the  formation 
of  substances  of  high  boiling  point  during  the  above  method  of  pre- 
paration, the  yield  of  ketone  was  always  very  unsatisfactory. 

Methyl  Ay-Butinene  ketoxime,  CH.'C-CHg'CH./CMelN-OH,  was 
prepared  by  adding  the  ketone  (5  grams)  to  hydroxylamine  hydro- 
chloride (3  "5  grams)  and  caustic  potash  (10  grams)  dissolved  in  a  little 
water,  sufficient  methyl  alcohol  being  added  to  produce  a  clear 
solution. 

After  twenty-four  hours,  the  product  was  rendered  acid  by  the 
addition  of  hydrochloric  acid,  extracted  with  ether,  the  ethereal 
solution  washed  with  water,  dried  over  calcium  chloride,  and  evaporated, 
when  a  colourless  oil  was  obtained  which,  over  sulphuric  acid  in  a 
vacuum,  gradually  solidified.  The  crystals  were  drained  on  porous 
porcelain  and  crystallised  from  water,  from  which  the  oxime  separated 
in  colourless  plates  of  melting  point  48 — 49°  : 

0-175  gave  19-2  c.c.  nitrogen  at  16°  and  768  mm.     N  =  12-9. 
CgHgON  requires  N=  126  per  cent. 

Methyl  ^y-hutinene  ketone  semicarhazone  separates  rapidly  when  the 
ketone  is  shaken  with  an  excess  of  a  solution  of  semicarbazide 
acetate.  The  crystalline  precipitate  was  collected  by  the  aid  of  the 
pump,  washed  with  water  and  cold  alcohol,  and  purified  by  recrystalli- 
sation  from  dilute  alcohol,  from  which  the  semicarhazone  separates  as 
a  glistening,  crystalline  mass  and  melts  at  135 — 136°  without  decom- 
position : 

0-2269  gave  52  c.c.  nitrogen  at  16°  and  765  mm.     N  =  27-4. 
CyHjjONg  requires  N  =  27*4  per  cent. 

The  density,  magnetic  rotation,  and  refractive  power  of  methyl 
Av-butinene  ketone  wei-e  determined  by  Sir  W.  H.  Perkin  with  the 
following  results  : 

Density  : 

d  4°/4^  =  0-91956;  d  15715°  =  0-91C05  ;  d  25725°  =  0-90245. 

Majnetic  rotation 

t.  Sp.  rot.  Mol.  rot. 

14°  1-2267  7-179 
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Refractive  poicer  : 

d  12-574°  =  0-91 174. 

a 1-43693     0-47923  46006 

P 1-44601     0-48918  46961 

y 1-45152     0-49522  47-541 

Dispersion,  y  -  a  =  1-535. 

The  values  obtained  for  the  magnetic  rotation  of  methyl  Av-buti- 
nene  ketone  are  interesting  because  they  confirm  the  close  relationship 
existing  between  this  ketone  and  Av-butinene-a-carboxylic  acid  and  its 
ester.  The  effect  produced  by  converting  an  ester  into  the  corre- 
sponding ketone  may  be  estimated  thus  : 

Mol.  rot. 

Ethyl  propionate,  CHg-CHg-CHg-COaEb    6-477 

Methyl  propyl  ketone,  CHg-CHg-CHg-CO-CHg 5499 


Difference 0  978 

and  this  is  practically  the  same  as  the  difference  (0'950)  between  the 
magnetic  rotations  of  ethyl  Av-butinene-a-carboxylate, 

CH-C-CHo-CHg-COgEt 
(8-129),    and   methyl    Av-butinene    ketone,    CH:C-CH2-CH2-CO-CIl3 
(7179),  a  proof  that  these  compounds  are  analogously  constituted. 

Elhyl  Methyl-y-hromoallylacetoacetate, 
CH2:CBr-CH2-CMe(COMe)-C02Et. 

In  preparing  this  substance,  sodium  (23  grams)  was  dissolved  in 
alcohol  (300  c.c.)  and,  when  quite  cold,  mixed  with  ethyl  methylaceto- 
acetate  (144  grams)  and  tribromopropane  (140  grams),  cai'e  being 
taken  that  the  temperature  did  not  rise  above  40°  during  the  opera- 
tion. 

The  reaction  commenced  at  once  and,  after  heating  on  the  water- 
bath  for  three  hours,  the  product  was  isolated  and  purified  by  dis- 
tillation in  the  usual  manner  (p.  849)  and  found  to  bail  at  about 
138°  (26  mm.): 

0-2500  gave  0-4183  CO2  and  0-1305  H2O.     C  =  45-6  ;  H  -  58. 
0-3222     „     0-2293  AgBr.     Br  =  303. 

Cto^i5<^3^r  requires  C  =  45  6  ;  H  =  5-7  ;  Br  =  30-4  per  cent. 
When  ethyl  methyl-y-hromoaUylacetoacetate  was  hydrolysed  with  alco- 
holic potash  it  yielded  an  acid  which  distilled  at  207 — 208°  and  gave 
the  following  results  on  analysis  : 

0-1574  gave  0-3678  CO^  and  0-1039  FgO.     C  =  637  ;  H  =  73. 
CgHgOg  requires  C  =  64-3  ;  H  =  7*1  per  c  nt. 
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Thore  can  be  no  doubt  tliat  this  acid  is  identical  witb  ^^-pentinene- 
a-carhoxylic  acid,  CHiC'CHg'CHMe'COjH,  the  preparation  and  pro- 
perties of  whicli  are  described  in  detail  on  p.  832. 

Ethjl  yy- Dibromodiallylacetoacetate,  (CH2lCBr*CH2)2C(COMe)'C02Et, 
and  its  Conversion  into  ^'^^-Ileptadi-inene-t-carboxylic  Acid, 
(f  m-Toluic  Acid),  (CH:C-CH2)2CH-C02H. 

When  the  product  of  the  action  of  tribromopropane  on  the  sodium 
derivative  of  ethyl  acetoacetate  is  fractionated,  a  considerable  quantity 
of  an  oil  of  high  boiling  point  is  obtained  (C.  p.  849)  which  distils  at  about 
175 — ISO"^  (8  mm.)  with  slight  decomposition.  Although  the 
analytical  results  were  rather  low  (Br  =  38 ;  whereas  CjgHjpOgBr  requires 
434  per  cent.),  there  can  be  no  doubt  that  this  substance  is  ethyl 
yy-dibromodiallylacetoacetate  and  corresponds  with  ethyl  yy-dibromo- 
diallylmalonate  which  is  obtained  (p.  842)  when  tribromopropane 
reacts  with  the  sodium  derivative  of  ethyl  malonate.  This  is  clearly 
proved  by  the  behaviour  of  the  dibromo-ester  on  treatment  with 
alcoholic  potash. 

Ethyl  yy-dibromodiallylacetoacetate  was  digested  with  excess  of 
alcoholic  potash  and  the  product  evaporated  with  water  until  free 
from  alcohol,  cooled  to  0°,  carefully  acidified  with  hydrochloric  acid, 
and  repeatedly  extracted  with  ether.  On  evaporation,  the  ethereal 
solution  deposited  a  viscid  syrup  and,  since  this  showed  no  signs  of 
crystallising,  it  was  converted  into  the  ester  by  means  of  alcohol 
and  sulphuric  acid  and  the  portion  distilling  at  90 — 100°  (10  mm.) 
again  hydrolysed.  The  syrupy  acid  now  gradually  solidified  and, 
after  draining  on  porous  porcelain,  it  was  recrystallised  from  light 
petroleum,  when  colourless  crystals  were  'obtained  which  melted  at 
47 — 48°  and  consisted  of  pure  \p-\\\-toluic  acid  : 

0-2088  gave  0-5400  CO2  and  0-1153  HgO.     C  =  70-6  ;  H  =  6-l. 
CgHgOj  requires  C  =  705  ;  H  =  5-9  per  cent. 

The  identity  of  this  acid  with  l//-7?^-toluic  acid  (p.  843)  was  proved 
by  mixing  equal  quantities  of  the  two  preparations,  when  no  alteration 
in  melting  point  could  be  observed. 

Thk  Sciiunck  Laboratory, 
The  Victoria  University  of  Manchester. 
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LXXIX. — Aromatic  Azoimides.     Part  I.    Parahydroxy- 

johenylazoimide. 

By  Martin  Onslow  Forster  and  Hans  Eduarp  Fierz. 

In  view  of  the  indifference  displayed  by  phenylazoimido  towards 
alcoholic  potash,  the  remarkable  facility  with  which  camphorylazO' 
imide  is  resolved  into  iminocamphor  and  nitrogen  by  minute  quantities 
of  this  agent  (Trans.,  1905,  87,  826)  suggests  a  fundamental  differ- 
ence in  structure  which  we  believe  is  best  explained  by  regarding  the 
camphoryl    derivative    as    capable   of    acting   in    the    enolic    form, 

CgHj4<^N     ^ ,   in  which   hydrogen  might    be    expected  to   migrate 

readily.     Supporting  this  suggestion,  a  more  recent  observation  should 

riTT, fig- 
be  noted,  namely,  the  relative  stability  of  the  oxime,  C'8Hj^<^  i  ^    ^, 

which  is  not  altered  by  cold,  alcoholic  potash  ;  moreover,  whilst  the 
transparent  and  colourless  crystals  of  camphorylazoimide  quickly 
become  opaque  and  pink  in  daylight,  a  specimen  of  the  oxime  has  now 
been  exposed  during  12  months  without  undergoing  any  noticeable 
change. 

From  this  standpoint,  a  study  of  the  hydroxypbenylazoimides, 
particularly  the  ortho-derivative,  seemed  attractive,  analogy  with  the 
enolic  modification  of  camphorylazoimide  suggesting  the  possibility  of 
proceeding  to  o-be^zoquinone 

Ns  NH  O 

/%0H  -^\-0  ^\-0 

II    n      -->    II    r     ->     II    r 
\^  \^  \^ 

with  perhaps  less  uncertainty  than  by  the  method  of  Willstjitter  and 
Pfannenstiel  (Ber.,  1904,  37,  4744). 

Since  Griess  discovered  phenylazoimide  in  1866,  a  considerable 
number  of  aromatic  azoimides  have  been  described  in  which  hydrogen 
ia  replaced  by  halogens,  and  by  the  carboxyl,  cyano-,  amino-,  nitro-, 
triazo-,  and  sulphonic  groups.  Hydroxy-derivatives  appear  to  have 
escaped  attention,  however,  owing  perhaps  to  various  difficulties  in 
dealing  with  diazophenols,  and  with  the  object  of  gaining  experience 
in  the  manipulation  of  hydroxypbenylazoimides  before  attacking  the 
meta-  and  ortho-derivatives,  we  have  studied  the  preparation  and 
properties  of  the  para-compound. 

In  selecting  a  method  for  preparing  the  substance,  it  was  recognised 
t-hat  the  original   process  for  obtaining   an   aromatic   azoimide   wj^s 
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inapplicable,  owing  to  the  subsidiary  changes  induced  by  bromine. 
Among  other  methods,  we  therefore  tried  one  suggested  by  the 
behaviour  of  benzenediazo-i/^-semicarbazinocamphor  towards  very  dilute 
alkali,  which  resolves  it  into  phenylazoimide  and  camphoryl-i//-carbamide 
(Trans.,  190G,  89,  222).  After  several  preliminary  failures,  however, 
tlie  method  finally  adopted  was  the  general  one  described  by  Emil 
Fischer  [Annalen,  1877,  100,  96),  namely,  addition  of  sodium  carbonate 
to  the  diazonium  salt  mixed  with  hydroxylamine  hydrochloride;  this 
action  has  been  studied  also  by  Mai  {Ber.,  1892,  25,  372),  who,  under 
modified  conditions,  effected  a  replacement  of  the  diazo-  by  the 
amino-group,  and  later  by  Eupe  and  von  Majewski  [Ber.,  1900,  33, 
3408). 

Although  we  are  now  able  to  prepare  ;;-hydroxyphenylazoimide  in 
considerable  quantity  and  excellent  condition,  the  early  experiments 
were  very  discouraging,  both  as  regards  quality  and  yield.  We 
ascribe  this  to  the  tendency  displayed  by  the  diazotised  phenol  *  to 
undergo  decomposition  when  the  solution  of  hydroxylamine  is  added, 
and  find  that  addition  of  potassium  hydroxide  in  small  proportions  at 
this  stage  has  a  marked  effect  in  improving  the  yield.  The  exact 
course  of  the  action  is  still  obscure,  but  it  seems  probable  that  the 
hydroxylamine  forms  with  the  diazo-anhydride  a  hydroxylamino- 
derivative  which,  when  treated  with  potash,  undergoes  rearrangement, 
and  then  loses  water. 

N  N  N-NH-OH      N:N-0H 

HO-N  N  N  NH  N, 


KOH 

-->      I      I     -->     I      I     -->    I      i    -^ 
\/  \/  \/ 

HO  O  HO  HO  HO 

This  appears  to  us  more  plausible  than  the  explanation  put  forward 
by  Mai  (loc.  cit.),  according  to  whom  the  intermediate  stage  in  the 
conversion  of  diazotised  toluidine  into  tolylazoimide  is  the  condensation 
product,  CgH^Me'NIN'O'NHo,  which  is  represented  as  then  losing 
water ;  it  is  difficult  to  believe  that  such  a  compound  would  arise  from 
the  diazotised  aminophenol,  which  is  itself  an  anhydride. 

In  its  behaviour  towards  alcoholic  potash,  jo-hydroxyphenylazoimide 
might  be  expected  to  behave  in  a  manner  recalling  either  camphoryl- 

*  The  present  occasion  is  not  suited  to  a  discussion  of  the  constitution  of  diazotised 
phenols,  and  althongli  aware  that  'Syo]f[  (Aimalcn,  1900,  312,  126)  represents  them 
as  quinonediazides,  and  has  heen  supported  in  this  action  by  Hantzsch  [Ber.,  1902, 
35,  888),  Orton  also  inclining  to  this  view  (Trans.,  1903,  83,  796),  we  believe  that 
the  change  under  consideration  is  one  of  those  in  which  the  anh3'dride  formula  best 
meets  the  facts.  It  must  not  be  overlooked  that  other  changes  also  have  been  found 
in  closer  agreement  with  this  representation  (Morgan  and  Micklethwait,  Trans., 
1905,  87,  1302,  and  1906,  89,  ■!). 


FORSTER    AND    FIERZ :   AROMATIC   AZOIMIDES.      PART   I.       857 

azoimide  or  certain  aromatic  azoimides  in  which  hydrogen  has  been 
replaced  by  a  negative  group,  as,  for  example,  ^j-nitrophenylazoimide, 
which  yields  hydrazoic  acid  and  ;;-azoxyphenetole,  arising  from  the 
corresponding  nitrophenol  (Noelting,  Grandmougin,  and  Michel,  Ber., 
1892,  25,  3328).  Neither  of  these  changes  has  been  observed,  however, 
the  potassium  derivative  of  /^-hydroxyphenylazoimide  behaving  in  a 
distinctive  manner  which  is  very  interesting.  As  precipitated  by 
alcoholic  potash  from  a  freshly  prepared  specimen  of  the  phenol  in  dry 
ether,  the  substance  is  practically  colourless,  but  when  a  solution  in 
absolute  alcohol  is  warmed,  it  rapidly  becomes  intensely  blue,  and  on 
treatment  with  ether  or  chloroform  furnishes  a  dark  blue,  crystalline 
potassium  derivative  which  is  apparently  isomeric  with  the  original 
substance.  During  this  change  there  is  no  liberation  of  gas,  and  on 
acidi6cation,  jtj-hydroxyphenylazoimide  is  recovered,  unaccompanied  by 
hydrazoic  acid,  distinguishing  the  change  from  that  observed  by 
Curtius,  who  noticed  a  blue  coloration  on  dissolving  hippurylazoimide 
in  sodium  hydroxide  {J.  pr.  Chem.,  1895,  [ii],  52,  243). 

Before  this  blue  salt  was  isolated  and  analysed,  we  believed  the 
development  of  colour  to  be  due  to  indophenol  formation,  which  would 
indicate  the  occurrence  of  the  very  change  we  hoped  to  effect,  because 
an  indophenol  might  be  expected  to  arise  from  ^:)-quinoneimine  be- 
coming condensed  with  unaltered  ;;-hydroxyphenylazoimide,  to 

Such  an  action,  however,  involves  loss  of  nitrogen,  and  is  therefore 
precluded  in  the  present  instance.  We  are  more  disposed  to  think 
that  the  case  must  be  parallel  with  the  observation  of  Loring 
Jackson  and  Oenslager  [Ber.,  1895,  28,  1614),  who  found  that  when 
/;-quinone  and  sodium  phenoxide  are  mixed  in  ether,  a  deep  blue 
precipitate  is  formed  having  the  composition  G^fi.2,1C^^'0^?i.  In 
other  words,  it  appears  to  us  quite  likely  that  the  colourless  potassium 
derivative  is  capable  of  undergoing  transformation  into  a  quinonoid 
modification, 

N=N  N=N  N— NK 

\/  \/  V 

N  NK  N 


"■^  o  o 

which  immediately  combines  with  unaltered  isomeride  to  produce  a 
deep  blue  substance.  We  have  made  many  attempts  to  isolate  the 
benzoyl  and  m-nitrobenzoyl  derivatives  in  quinonoid  modifications, 
hitherto  unsuccessfully,  but  it  is  significant  that  specimens  of  these 
compounds  prepared  from  the  blue  derivative,  [although  melting  at 
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the  same  toinperaturo  as  those  from  the  colourless  variety,  are  uni- 
formly much  darker  coloured,  whilst  in  the  case  of  the  m-nitro- 
compound  the  crystalline  habit  appears  to  be  different. 

Even  when  the  colourless  potassium  derivative  is  employed  as  the 
starting  material  for  the  benzoic  ether,  there  is  considerable  difficulty 
in  obtaining  the  product  free  from  colour,  and  at  first  it  appeared 
uncertain  whether  this  compound  might  not  be  the  quinonoid  variety  ; 
accordingly  we  prepared  it  by  a  method  which  renders  that  possibility 
remote,  from  /;-nitrophenol,  as  follows, 

NOo  NO,  NH,  NgBrg  Ng 


~>      I        I      -^      I        I      -->      I        I      -^ 

\/  \/  \/ 

IIO  BzO  BzO  BzO  BzO. 

obtaining  a  benzoyl  derivative  identical  with  the  one  furnished  by 
the  coloui'less  potassium  derivative  of  ;j-hydroxyphenylazoimide. 
Hence  we  are  led  to  the  conclusion  that  the  benzoyl  derivative  when 
freshly  prepared  from  a  good  specimen  of  the  colourless  alkali  com- 
pound contains  at  most  a  trace  of  the  quinonoid  variety,  which  is 
perceptibly  augmented,  however,  in  the  product  from  the  blue  modifi- 
cation. Although  it  may  appear  somewhat  bold  to  suggest  the 
change  in  question,  namely, 

N— N  N=N  N— NBz 

\/  \/  %/ 

N  NBz  N . 


BzO 

O  0 

external  justification  may  be  found  in  some  recent  experiments  by 
Auwers  {Annalen,  1904,  332,  159),  who  gives  evidence  of  the  change 

BzO-CVH.Br./CF./NH-CcH^     — >     HO'CgH.Bra'CH^-NBz-CeHs. 

It  is  true  that  this  is  confined  to  ortho<lerivatives,  and  does  not  take 
place  with  meta-  and  para-compounds,  but  on  the  other  hand  the  recog- 
nition by  Hantzsch  and  Gfrke  of  «cz-nitrophenol  esters  among  the 
products  of  the  action  between  anhydrous  alkyl  halides  and  the  carefully 
dried  silver  salts  of  nitrophenols  (Be?-.,  1906,  39, 1073)  places  the  change 
in  question  within  the  bounds  of  probability.  Moreover,  just  as  the 
nitrophenols  yield  a  solution  in  alkali  which  must  be  regarded  as 
containing  the  rtci-nitrophenol  salt,  OIC^H^INO'OB,  in  preponderating 
amount,  so  the  colourless  potassium  derivative  of  ^-hydroxyphenyl- 
azoimide,  when  dissolved  in  water,  changes  spontaneously  into  the 
coloured  variety,  and  very  rapidly  when  warmed.     We  Jiope,  however, 
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to  gain   more    infonnaLion  on  this  point  by  studying  the  meta-  and 
ortho-compounds,  which  are  now  in  hand. 

One  point  remains  to  be  noticed  before  describing  the  experiments. 
In  the  hope  of  obtaining  the  nitrosophenol, 

N3  N. 


iNo  "'  '      i:noii 

HO  O 

we  treated  ^-hydroxyphenylazoimide  with  nitrous  aciil,  which  converts 
it,  however,  into  the  azoimide  derivative  of  o-nitrophenol ;  previous 
cases  of  this  action  have  been  recorded,  salicylic  acid,  for  example, 
undergoing  nitration  in  the  same  circumstances,  whilst  pyx'ene  is 
converted  into  the  nitro-derivative  when  an  ethereal  solution,  floating 
on  concenti-ated  aqueous  potassium  nitrite,  is  slowly  treated  with  very 
dilute  sulphuric  acid.  It  is  noteworthy  that  whilst  2>hydroxyphenyl- 
azoimide,  although  volatile  in  steam,  rapidly  undergoes  deterioration 
with  boiling  water,  the  mVro-derivative  is  quite  stable,  and  may  be 
purified  by  steam  distillation  ]  moreover,  the  potassium  derivative  of 
the  latter  substance  is  distinguished,  by  its  stability,  from  the  colour- 
less /)-hydroxyphenylazoimide  compound,  which  suggests  that  the 
formation  of  a  blue  derivative  is  suspended  by  the  stronger  demand 
of  the  nitro-group  for  metal. 

Experimental. 


p  -  Hydroxyphenijlazoimide, 

HO 

An  ice-cold  solution  of  ;^-aminophenol  hydrochloride,  prepared  from 
30  grams,  and  200  c.c.  of  hot  water,  was  treated  with  50  c.c.  of  con- 
centrated hydrochloric  acid,  and  slowly  diazotised  with  15  grams  of 
sodium  nitrite  in  50  c.c.  of  ice- water ;  20  grams  of  hydroxylamine 
hydrochloride  dissolved  in  50  c.c.  of  water  were  then  added,  the 
mixture  being  promptly  poured  into  1200  c.c.  of  ice-cold  water  in 
which  150  grams  of  anhydi'ous  sodium  carbonate  had  been  dissolved. 
The  liquid  became  intensely  yellow,  but  after  a  brief  interval  some 
tarry  material  floated  to  the  surface  of  the  solution,  which  was  now 
turbid  and  brown,  whilst  an  intensely  sweet  taste,  characteristic  of 
7)-hydroxyphenylazoimide,  became  perceptible.  About  this  time  a 
moderate  effervescence  began,  and,  becoming  quite  brisk  after  fifteen 
minutes,  50  c.c.  of  a  25  per  cent,  solution  of  potassium  hydroxide  were 
added,  thus  checking  the  gas  evolution,  and  the  liquid,  now  amounting 
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to  1750  c.c,  was  freed  from  tar  by  passage  through  a  large  fluted 
filter.  The  alkaline  filtrate  was  next  treated  with  20  per  cent,  acetic 
acid  until  brisk  effervescence  occurred,  but  excess  of  the  acid  need 
not  be  used,  as  the  hydroxyphenylazoimide  is  quite  easily  extracted  by 
ether  from  its  solutions  in  sodium  carbonate  and  bicarbonate ;  more- 
over, it  is  sparingly  soluble  in  water  which  is  saturated  with  ether, 
and  consequently  three  separate  extractions  with  300  c.c.  of  the 
solvent  were  sufficient  to  remove  it  from  the  salt  solution. 

The  combined  ethereal  solutions  were  very  dark  brown,  and  if  dried 
without  further  treatment  yielded  a  most  unsatisfactory  specimen  of 
the  azoimide,  which  is  most  conveniently  isolated  in  the  form  of  its 
potassium  derivative  ;  dilute  potash  followed  by  a  50  per  cent,  solution 
precipitated  the  potassium  derivative  in  lu'^trous  plates,  but  these 
crystals  were  almost  invariably  dark  brown  or  greenish-brown,  and 
could  not  be  decolorised  by  recrystallisation.  A  white,  or  at  most 
slightly  yellow,  specimen  of  the  potassium  derivative  can  be  obtained, 
however,  by  shaking  the  ethereal  solution  several  times  with  aqueous 
sodium  carbonate  until  the  colour  is  reduced  from  dark  brown  to  pale 
pink ;  the  first  extracts  are  almost  black,  and  the  final  ones  bluish, 
twenty  or  twenty-five  extractions  being  necessary.  Tlie  ethereal  solution 
may  be  dried  with  calcium  chloride,  but  anhydrous  sodium  sulphate  is 
to  be  preferred,  because  the  dissolved  material  undergoes  resinification 
more  quickly  when  in  contact  with  the  former  material.  From  the 
dried  solution  the  potassium  derivative  was  prepared  by  adding  8  grams 
of  potassium  hydroxide  dissolved  in  40  c.c.  of  absolute  alcohol,  which 
precipitated  18*5  grams  of  a  colourless  material  quickly  assuming  a 
faint  greenish-yellow  tinge  ;  this  derivative  was  filtered  with  the  aid  of 
a  pump,  washed  with  absolute  ether,  and  dried  in  a  desiccator  pro- 
tected from  light.  The  mother  liquor  unavoidably  contained  some  of 
the  azoimide  derivative,  because  if  potash  is  in  excess,  the  precipitate 
is  contaminated  with  free  alkali. 

The  />-hydroxyazoimide,  in  the  form  of  a  colourless  oil,  has  been 
obtained  by  adding  acetic  acid  to  an  aqueous  solution  of  the  white 
potassium  derivative,  and  on  evaporating  an  ethereal  solution  at  the 
ordinary  temperature  in  absence  of  water,  there  was  deposited  a 
viscous  oil  which  quickly  solidified  in  a  freezing  mixture  and  melted 
again  at  about  20° ;  but  this  product  soon  became  almost  black  in  the 
desiccator,  and  an  attempt  to  purify  it  by  steam  distillation  was 
unsuccessful,  as  it  decomposes  profoundly  when  heated  with  water. 
Distillation  under  reduced  pressure  was  equally  disappointing.  Under 
0*5 — 1  mm.,  ebullition  appeared  to  begin  at  about  150°,  but  suddenly 
gas  was  evolved  in  torrents,  and  an  alarming  explosion  took  place, 
pulverising  the  porcelain  dish  which  served  as  an  oil-bath  ;  attempts  to 
obtain    the   substance   in   a   form   suitable    for   analysis    have    been 
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abandoned  in  consequence.  The  azoimide  is  a  definite  substance, 
however,  giving  rise  to  certain  derivatives  described  below  ;  it  has  a 
strongly  sweet  taste,  and  the  odour  suggests  phenol  and  hydrazoic 
acid,  producing  in  a  modified  degree  the  characteristic  throbbing  at 
the  base  of  the  forehead  when  the  vapour  is  inhaled.  Ferric  chloride 
develops  a  pink  coloration  ;  reduction  with  stannous  chloride  resolves 
it  into  j9-aminophenol  and  ammonia. 

The  Benzoyl  Derivative. — This  compound  is  readily  obtained  by 
shaking  benzoyl  chloi'ide  with  an  alkaline  solution  of  the  colourless  or 
blue  potassium  derivatives  described  below.  It  is  readily  soluble  in 
ethyl  acetate,  acetone,  benzene,  pyridine,  methyl  alcohol,  or  ethyl 
alcohol,  but  only  moderately  in  light  petroleum  boiling  at  50 — 60°, 
and  is  most  conveniently  crystallised  fi"om  the  last-named,  which 
deposits  it  on  cooling  in  lustrous  needles,  melting  at  80 — 81°.  Although 
stable  when  protected  from  light,  it  becomes  opaque  and  dull  on  ex- 
posure, this  change  in  appearance  being  accompanied  by  a  fall  in  the 
melting  point,  which  becomes  indefinite  at  70 — 75°.  On  one  occasion 
we  obtained  colourless  crystals  of  the  benzoyl  derivative,  but  usually 
the  substance  is  pale  brown,  and  there  appears  to  be  no  difference  in 
the  melting  point  of  various  specimens. 

Considerable  difliiculty  has  been  experienced  in  the  estimation  of 
carbon,  the  percentage  of  which  frequently  appeared  to  be  O'B — \"2 
per  cent,  in  excess  of  that  required  by  the  formula  ;  this  was  observed 
also  in  connexion  with  the  7«-nitrobenzoyl  derivative  described  below, 
and  it  has  been  recorded  that  formazyl  compounds  present  great  diffi- 
culty (Bamberger,  Ber.,  1894,  27,  157),  whilst  azines  gave  results 
approximating  to  8  per  cent,  surplus  of  nitrogen  (Klingemann,  Ber., 
1889,  22,  3064).  Satisfactory  results  were  obtained  ultimately  by 
using  both  silver  and  copper  reducing  spirals  amounting  to  25  cm.  in. 
length. 

01986  gave  0-4757  COj  and  0-0723  H.O.     C  =  65-33  ;  H  -  4-04. 

0-1294     „     19-2C.C.  of  nitrogen  at  19°  and  773  mm.;  N  =  17-64. 
C13H9O2N3  requires  C  =  65-27  ;  H  =  3-77  ;  N  =  17-57  per  cent. 

A  determination  of  molecular  weight  gave  the  average  value  203  in 
benzene,  that  calculated  for  CjgHgO^Ng  being  239.  The  behaviour  of 
the  substance  towards  80  per  cent,  sulphuric  acid  recalls  that  of  other 
azoimides,  nitrogen  being  set  free  suddenly  in  quantity  representing 
two-thitds  of  the  total  content. 

0-2272  gave  22-4  c.c.  of  nitrogen  at  20^  and  751  mm.     N  =  11-35. 
C13H9O2N3  requires  2/3  N  =  1 1  -71  per  cent.  _ 

The  benzoyl  derivative  is  readily  hjdrolysed  by  alcoholic  potash  and 
hydrochloric  acid,  the  same  effect  being  proluced  by  heating  with 
hydroxylamine  acetate  in  absolute  alcohol.     Jt  is  indifferent  towards 


862      FORSTER   AND   FIERZ :   AROMATIC   A^OIMIDES.      PART  I, 

aqueous  stannous  chloride,  hxit  an  alcoholic  solution  reduces  the  sub- 
stance very  readily,  forming  benzoyl-/)-aminophenol  and  ammonia, 
unaccompanied  by  nitrogen  ;  this  behaviour  is  distinctive  from  that  of 
camphorylazoimide,  which  changes  quantitatively  into  aminocamphor 
and  nitrogen. 

The  m.-Nilrohenzoyl  Derivative, — The  substance  is  prepared  by  shak- 
ing an  alkaline  solution  of  the  potassium  derivative  witli  finely 
divided  m-nitrobenzoyl  chloride,  and  recrystallising  the  product  from 
boiling  absolute  alcohol,  which  deposits  long,  lustrous,  faintly  yellow 
needles  melting  at  118°. 

01700  gave  03442  CO.,  and  O-QSSTH^O.     0  =  5521  ;  H=3-51. 

0-1790     „     30-G  c.c.  of  nitrogen  at  20°  and  756  mm.     N=  19-81. 
CjaHyO^N^  requires  C  =  54-93;  H  =  2-82;  N-19-71  percent. 

The  m-nitrobenzoyl  derivative  is  very  sensitive  to  light,  which 
causes  the  crystals  to  become  deep  yellow  and  depresses  the  melting 
point.  It  is  sparingly  soluble  in  cold  alcohol,  and  almost  insoluble  in 
petroleum,  which  dii-solves  it  sparingly  when  boiled  ;  in  benzene- 
chloroform  or  hot  alcoliol  it  is  readily  soluble. 

The  Methyl  Klher. — This  compound  was  first  obtained  by  Piupe  and 
von  Majewski  {Ber.,  loc.  cit.)  from  diazotised  /)-anisidine,  and  later 
by  one  of  us  from  ;;-methoxybenzenediazo-i/^-semicarbazinocamphoran(J 
aqueous  alkali  (Trans.,  1906,  89,  238).  We  have  prepared  it  again 
from  the  former  source,  and  confirm  the  observatious  of  the  authors 
mentioned,  obtaining  the  substance  from  a  petroleum  solution  in 
lustrous,  yellowish  plates  melting  at  35°  ;  an  attempt  to  distil  it  under 
29  mm.  pressure  was  unsuccessful,  decomposition  occurring  at  150°. 

2^13  Colourless  Potassium  Derivative. — When  freshly  prepared  fromi 
a  carefully  purified  ethereal  solution  of  the  azoimide,  the  potassiumi 
derivative  is  (olourless,  and  forms  colourless  solutions  in  water  and 
cold  alcohol;  on  adding  ether  or  chloroform  to  the  latter,  it  is  precipi- 
tated in  lustrous  plates  which  usually  have  a  brownish  tinge,  and  these 
crystals  appear  to  contain  alcohol  of  crystallisation,  although  our 
analytical  results  agree  only  approximately  with  those  required  by 
calculation. 

0-2538  gave  40-7  c.c.  of  nitrogen  at  19°  and  750  mm.     N  -  18-64. 
0-2451     „     0-1011  K,SO^.     K  =  18-48. 

CjjH^ONgTv  requires  N  =  24-28  ;  K  =  2254  per  cent. 
CyH40N3K,C2H^O        „       K  =  19-18;  K- 17-81 

These  figures  might  be  expected  from  a  specimen  containing  a 
small  proportion  of  alkali  carbonate,  and  are  confirmed  by  the  decom- 
position with  80  per  cent,  sulphuric  acid  : 

0-2488  gave  25-6  c.c.  of  nitrogen  at  20°  and  750  mm.     N  =  1 1  -82, 
C^H^ONaK.CoHgO  requires  2/3  N  -  12-79  per  cent. 
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When  the  colourless  potassium  derivative  is  covered  with  a  mixture 
of  concentrated  hydrochloric  and  nitric  acids  (1:1),  a  very  vigorous 
action  ensues,  and  a  quantitative  yield  of  tetrachloroquinone  is  pro- 
duced, 

llie  Blue  Potassium  Derivative. — Although  when  freshly  prepared 
the  potassium  derivative  is  practically  colourless  and  forms  a  colourless 
solution  in  water,  the  dry  substance  becomes  green  during  a  few  hours 
even  when  protected  from  light,  and  then  dissolves  in  water  with  a 
bluish-green  shade.  If  sach  a  solution  is  gently  heated,  the  colour 
rapidly  intensifies  to  the  magnificent  "  King's  blue  "  associated  with  a 
successful  application  of  the  Liebermann  test  for  nitroso-cooipounds, 
and  evolution  of  gas  occurs  simultaneously.  The  latter  change  appears 
to  follow  the  development  of  colour,  because  we  have  isolated  a  definite 
blue  derivative  by  warming  the  colourless  compound  with  absolute 
alcohol  during  one  hour  at  50 — 60^  and  adding  dry  ether  to  the  deep 
blue  liijuid,  when  a  lustrous,  blue,  crystalline  precipitate  is  formed ; 
during  this  process,  moreover,  there  is  no  evolution  of  gas,  provided 
water  is  excluded  from  the  system. 

The  product  dissolves  freely  in  water,  developing  the  rich  colour 
mentioned  above,  and  as  the  aqueous  solution  evolves  gas  when  heated, 
it  appears  that  the  change  undergone  by  the  colourless  derivative  when 
the  solution  in  water  is  heated  consists  of  transformation  into  the 
coloured  variety  followed  by  decomposition  involving  liberation  of  gas  ; 
if  this  more  profound  alteration  is  allowed  to  proceed,  the  pure  blue 
colour  changes  to  dirty  greenish-blue,  and  acidification  yields  a  reddish- 
brown  precipitate  which  is  soluble  in  alkali,  but  has  not  yet  furnished 
a  homogeneous,  crystalline  material.  Benzoquinone,  although  carefully 
sought,  has  not  been  recognised  in  the  product. 

Analysis  gave  results  indicating  isomerism  between  this  compound 
and  the  colourless  variety  : 

0-2290  gave  35-0  c.c.  of  nitrogen  at  20°  and  751  mm.     N=  18-40. 

0-1567     „     00728  Pt.     K=  18-58. 

CgH40N3K,C2HgO  requires  N  =  19-18  ;  K  =  17-81  per  cent. 

Two-thirds  of  the  nitrogen  was  liberated  by  cold  80  per  cent, 
sulphuric  acid  : 

0-2234  gave  22-6  c.c.  of  nitrogen  at  20^  and  750  mm.     N  =  11-63. 

The  same  proportion  was  gradually  evolved  on  boiling  the  aqueous 
solution  continuously  : 

0-2524  gave  282  c.c.  of  nitrogen  at  20°  and  760  mm.     N  =  13-21. 
CeH40N3K,C2HgO  requires  2/3  N  =  12-79  per  cent. 

During  the  latter  decomposition  a  very  small  proportion  of  ammonia 
was  produced,  and  identified  in  the  form  of  platiuichloride. 

The  blue  derivative  readily  undergoes  hydrolytic  dissociation  when 
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the  aqueous  solution  is  diluted,  the  intense  blue  colour  being  quickly 
destroyed, and  changing  to  delicate  pink  ;  in  this  solution  the  blue  colour 
is  immediately  restored  by  alkali.  If  a  concentrated  solution  is  acidified 
with  an  organic  or  mineral  acid,  the  liquid  becomes  red,  and  the  blue 
colour  is  restored  on  adding  alkali ;  the  hydroxyphenylazoimide  liber- 
ated by  acids  appears  to  have  the  properties  of  the  original  material , 
but  the  solid  potassium  derivative  obtained  from  it  is  bluish  green. 
Moreover,  although  the  benzoyl  and  m-nitrobenzoyl  derivatives  obtained 
by  agitating  the  blue  derivative  in  water  with  the  respective  chlorides 
melted  at  the  temperatures  just  recorded,  in  each  case  the  specimens 
were  deep  red,  and  the  nitro-compound  crystallised  in  hard,  lustrous 
prisms  instead  of  silky  needles.  The  methoxy-compound  obtained  by 
heating  the  blue  derivative  in  absolute  alcohol  with  methyl  iodide  was 
identical  with  that  prepared  from  ^-auisidine,  however,  although  the 
yield  was  very  bad,  juore  than  half  the  material  remaining  in  the  dis- 
tillation flask  in  the  form  of  a  red,  amorphous  solid. 

^3 


3  -  Nilro-i-hydroxyiyheiiylazoimide, 

\/N0,. 
HO 

Five  grams  of  the  coloui-less  potassium  derivative  of  ^-hydroxy- 
phenylazoimide dissolved  in  200  c.c.  of  water  were  treated  with 
15  c.c.  of  hydrochloric  acid  and  cooled  with  ice  ;  to  the  well-stirred 
liquid  a  solution  containing  4  grams  of  sodium  nitrite  was  added 
slowly,  the  first  drop  producing  turbidity  soon  followed  by  yellow 
crystals,  unaccompanied  by  gas  evolution.  After  one  hour  the  product 
was  extracted  with  ether,  the  ether  evaporated,  and  the  residue 
distilled  in  a  current  of  steam,  which  carried  over  bright  yellow 
needles  weighing  2"5  grams;  recrystallisation  from  petroleum  followed 
by  alcohol  raised  the  melting  point  to  91"^. 

0-1148  gave  31-3  c.c.  of  nitrogen  at  21°  and  752  mm.     N  =  31-32. 
CgH^OgN^  requires  N  =  31-11  per  cent. 

The  nitro-compound,  which  has  a  pungent,  quinone-like  odour  in 
steam,  is  obtained  also  when  an  ethereal  solution  of  j9-hydroxyphenyl- 
azoimide  is  treated  with  nitrosyl  chloride  in  glacial  acetic  acid.  It  is 
slightly  soluble  in  water,  and  crystallises  in  beautiful  reddish-orange 
prisms  from  both  alcohol  and  petroleum ;  the  crystals  become  dark 
brown  when  exposed  to  light,  and  owing  to  the  volatility  of  the 
substance  the  specimen  bottle  is  quickly  covered  with  a  deep  red 
film. 

The  potassium  derivative  forms  dark  red  needles,  and  the  aqueous 
solution,  which  resembles    that   of    o-nitrophenol   in    alkali,  becomes 
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first  yellow,  then  colourless  when  treated  with  acid,  the  neutral  stage 
being  well  defined. 

The  benzoyl  derivative,  prepared  by  the  pyridine  method,  crystal- 
lises from  alcohol  in  long,  lustrous,  colourless  needles  melting  at  103° 
after  sintering  a  few  degrees  lower. 

0-1454  gave  24-6  c.c.  of  nitrogen  at  20°  and  758  mm.     N  =  19-G7. 
C^gHgO^N^  requires  N=  19-72  per  cent. 

The  substance  is  readily  soluble  in  hot  petroleum,  from  which  it 
crystallises  in  lustrous  plates ;  it  dissolves  freely  in  chloroform, 
separating  in  needles  on  adding  petroleum.  The  crystals  become  pink 
when  exposed  to  light. 

Having  noticed  that  m-nitrophenylazoimide  is  quickly  reduced  to 
m-nitraniline  by  alcoholic  ammonium  sulphide,  we  applied  this  process 
to  the  identification  of  the  nitrohydroxyphenylazoimide,  because  the 
product  which  should  arise  by  reduction,  namely,  o-nitro-p-amino- 
phenol,  has  been  characterised  by  Friedlander  and  Zeitlin  {Ber.,  1894, 
27,  196),  who  obtained  it  by  the  action  of  66  per  cent,  sulphuric  acid 
on  m-nitrophenylazoimide  : 

NOo-C^H^-Ng  4-  HgO  =  N02-CgH3(OH)-NHo  +  Ng. 

Hydrogen  sulphide  was  passed  into  a  solution  containing  1  gram 
of  nitrohydroxyphenylazoimide  in  alcoholic  ammonia,  when  the  dark 
colour  became  intensified,  and  brisk  effervescence  occurred ;  the 
solution  was  filtered  from  sulphur  and  evaporated,  the  residue  being 
recrystallised  from  boiling  petroleum,  which  deposited  long,  silky, 
dark  red  needles  having  a  bro\Yn  lustre,  and  melting  at  131°. 
Friedliinder  and  Zeitlin  having  given  126 — 128°  as  the  melting  point, 
a  specimen  was  prepared  by  their  method,  and  found  to  be  identical 
with  our  own. 

Z-Nitro-i-hydroxyplienylazoimide  from  '^-IlydroxypJienylhydraziiie. 

The  foregoing  method  for  preparing  the  nitro-compound  being  one 
which  might  have  been  expected  to  yield  the  corresponding  nitroso- 
derivative,  it  appeared  desirable  to  study  the  action  of  nitrous  acid 
upon  jo-hydroxyphenylhydrazine  (Altschul,  J.  pr.  Chem.,  1898,  [ii], 
57,  203).  Five  grams  of  the  hydrochloride  were  dissolved  in  100  c.c. 
of  5  per  cent. ^hydrochloric  acid,  cooled  with  ice,  and  treated  with 
8  grams  of  sodium  nitrite  ;  yellow  crystals  quickly  separated,  and  by 
the  treatment  previously  applied,  3-nitro-4-hydroxyphenylazoimide 
was  obtained  in  yellow  crystals  melting  at  91°,  which  do  not  depress 
the  melting  point  of  the  former  specimen  when  mixed  with  it. 

In  the  paper  quoted,  Altschul  described  the  nitrosamine  of  ;>hydroxy- 
phenylhydrazine  as  consisting  of  brownish  crystals  characterised  by 
the  stupefying  odour  of  nitrosophenylhydrazine  ;    the  melting   point 
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was  not  recorded,  however,  and  we  believe  this  specimen  to  have  been 
very  impure,  because  repetition  of  the  experiment  under  the  con- 
ditions prescribed  by  Altschul  gave  snow-white,  lustrous  needles. 
This  product  was  odourless,  and  could  be  recrystallised  from  warm 
methyl  alcohol,  when  it  melted  at  123 — 124°;  it  has  been  preserved 
during  two  months  without  undergoing  decomposition,  and  gives  the 
Liebermann  reaction  very  well  defined  in  all  stages.  The  substance 
is  very  sensitive  to  alkalis,  and  is  decomposed  by  warm  mineral  acids, 
producing  a  quinone-like  odour,  which  probably  accounts  for  the 
observation  of  Altschul. 


Prepao'ation  of  \-Benzoxy2)henylazoimidefrom  ^-Nitrophenol. 

Tlie  difficulty  experienced  in  obtaining  a  colourless  specimen  of  the 
benzoyl  derivative  of  /)-hydroxyphenylazoimide,  coupled  with  the 
uncertainty  of  the  earlier  analytical  results,  rendered  it  important  to 
prepare  the  substance  by  an  independent  method,  if  possible  one 
excluding  the  probability  of  the  substance  having  a  quinonoid  struc- 
ture. This  has  been  carried  out  by  converting  ^;-nitrophenol  into  the 
benzoyl  derivative,  reducing  this  to  ^j-benzoxyaniline,  and  transforming 
the  diazonium  salt  of  this  base  into  the  perbromide,  which,  on  treat- 
ment with  ammonia,  yielded  /j-benzoxyphenylazoimide. 

The  benzoyl  derivative  of  /9-nitrophenol  was  obtained  quantitatively 
by  heating  70  grams  with  62  grams  of  benzoyl  chloride  until  hydrogen 
chloride  was  no  longer  evolved,  dissolving  the  hard  cake  in  boiling  glacial 
acetic  acid  and  pouring  the  solution  into  water.  The  readiness  with 
which  the  ester  is  hydrolysed  not  only  precludes  its  preparation  by  the 
Schotten-Baumann  method  ;  it  also  renders  the  reduction  a  matter 
of  considerable  difficulty.  HUbner  {Annalen,  1881,  210,  379)  effected 
this  by  using  alcoholic  hydrochloric  acid  and  tin,  but  on  repeating  his 
experiment  we  obtained  less  than  5  per  cent,  of  the  base,  the  remain- 
ing ester  becoming  hydrolysed.  Equally  unsuccessful  were  attempts 
to  reduce  with  zinc  dust  and  water,  alcoholic  ammonium  sulphide,  iron 
with  acetic  acid,  and  aluminium  amalgam  in  moist  ether,  but  a 
good  yield  of  ^^-benzosyaniline  was  ultimately  obtained  by  reducing 
the  nitro-compound  with  alcoholic  acetic  acid  and  zinc.  Fifty  grams 
of  benzoylated  p-nitrophenol  were  suspended  in  500  c.c.  of  alcohol 
mixed  with  200  c.c.  of  50  per  cent,  acetic  acid ;  to  the  well-stirred 
liquid  100  grams  of  zinc  dust  made  pasty  with  alcohol  were  added  at 
such  a  rate  as  to  keep  the  temperature  below  40°,  and  when  this 
amount  of  metal  had  been  used,  50  c.c.  of  glacial  acetic  acid  were 
added,  and  the  liquid  stirred  until  potash  no  longer  developed  a  yellow 
coloration  when  heated  with  the  alcoholic  liquid.  On  filtering  from 
zinc  it  was  necessary  to  wash  the  latter  with  boiling  water  as  well  as 
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alcohol,  because  a  portion  of  the  base  remains  in  the  form  of  a  double 
salt  which  is  insoluble  in  alcohol,  but  is  decomposed  by  hot  water ; 
the  filtrate  deposited  40  grams  of  pure,  crystalline,  /j-benzoxyaniline. 
The  conversion  of  this  compound  into  the  azoimide  was  attempted 
first  by  Fischer's  method,  but  a  more  satisfactory  yield  was  obtained 
by  converting  the  diazonium  salt  into  the  perbromide,  and  treating 
this  with  ammonia. 

ip-Benzoxi/diazobenzene  Perbromide,  CgHj'CO'O'CgH^'NgBrg,  was  pre- 
pared by  diazotising  with  10  grams  of  sodium  nitrite  in  20  c.c.  of 
water  an  ice-cold  paste  containing  30  grams  of  /)-benzoxyaniline, 
150  c.c.  of  glacial  acetic  acid,  and  30  c  c.  of  hydrobromic  acid  (sp.  gr. 
1  -42),  afterwards  adding  to  the  filtered  solution  33  grams  of  bromine 
dissolved  in  30  c.c.  of  hydrobromic  acid  ;  the  liquid  was  diluted  with 
its  own  volume  of  water,  and  the  filtered  perbromide,  of  which  the 
yield  was  quantitative,  recrystallised  from  hot,  absolute  alcohol, 
forming  beautiful,  lustrous,  orange  needles,  decomposing  at  106 — 108°. 

0-1417  gave  01700  AgBr.     Br  =  51-06. 

CjgHgO^NoBrg  requires  Br  =  51-61  per  cent. 

It  was  necessary  to  heat  the  Carius  tube  at  400 — 420°  during  eight 
hours  ;  estimations  at  260—300°  and  320—360°  gave  42  per  cent,  and 
50  per  cent,  of  bromine  respectively. 

The  conversion  of  the  perbromide  into  the  azoimide  took  place  in  the 
ordinary  fashion,  and  the  resulting  material  was  identical  with  the 
substance  obtained  on  benzoylating  ^;-hydroxyphenylazoimide,  thus 
establishing  the  constitution  of  this  compound.  Nevertheless,  it  is 
not  a  convenient  source  of  the  azoimide  itself,  because  although  very 
readily  hydrolysed,  separation  of  the  latter  from  the  product  is  a 
troublesome  process. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


LXXX. — Studies  171  the  Camphane  Series.     Part  XXII I. 
Oximes  of  Camphoi'ylsemicarhazide  and  Cami^horijl- 
azoimide. 
By  Martin  Onslow  Forster  and  Hans  Eduard  Fierz. 

During  the  past  four  years  various  unsuccessful  attempts  have  been 
made  by  one  of  us  to  obtain  a  structural  isomeride  of  camphor  through 
the  missing  monoxime  of  camphorquinone  isomeric  with  isonitroso- 
camphor,  and   a   favourable    opportunity    to    produce  the    monoxime 

3  M  2 
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appearing  to  follow  from  the  observation  that  a  trace  of  alcoholic 
potash  eliminates  two-thirds  of  the  nitrogen  from  camphorylazoimide, 
leaving  iminocamphor  (Trans.,  1905,  87,  826),  we  hoped  to  complete 
the  following  series  : 

On  preparing  the  oxime  of  camphorylazoimide,  however,  we  were 
disappointed  to  find  it  quite  indifferent  towards  cold  alcoholic  potash, 
so  that  the  next  step  in  the  series  could  not  be  taken.  Another 
distinctive  feature  of  the  substance  is  its  resistance  to  light,  which 
quickly  renders  the  colourles.*?,  transparent  crystals  of  the  azoimide 
opaque  and  pink,  whereas  the  oxime  has  now  been  exposed  during 
twelve  months  without  undergoing  apparent  change.  In  seeking  the 
explanation  of  these  differences,  it  seemed  possible  that  the  activity  of 
the  azoimido  w;is  due  to  enolisation,  a  process  which  would  not  be 
possible  in  the  oxime,  and  we  are  therefore  studying  the  hydroxy- 
phenylazoimides  with  a  view  to  making  comparison  between 
camphorylazoimide  and  o-bydroxyphenylazoimide  (compare  Trans., 
this  vol.,  p.  855)  : 

C,H,<g^-''^     or     C,H,<§:^^     and     C.U.^'^^. 

In  conjunction  with  these  experiments  we  have  investigated  the 
behaviour  of  camphoryl-i/'-semicarbazide  towards  hydroxylamine,  and 
have  incidentally  observed  a  case  of  isomerism  which  appears  to  merit 
description.  For  reasons  given  in  previous  papers  (Trans.,  1905, 
87,  110  and  722),  camphoryl-i/^  semicarbazide  is  represented  by  the 
formula 

^«^i^<C(OH)-NH>^^' 
and  on  heating  the  acetate  in  alcohol  with  the  acetate  of  hydroxyl- 
amine, there  is  produced  an  oxime  which  has  [a]i,  105*4°  in  glacial 
acetic  acid,  and  melts  at  242° ;  we  represent  this  compound  as  derived 
from  normal  camphorylsemicarbazide,  principally  because  hot  Fehling's 
solution,  which  oxidises  camphoryl-i/'-semicarbazide  itself  to  camphor, 
converts  the  oxime  into  camphoroxime  : 


CH-N(NH2)-CO-NH2  CH 


<^'sHi4<A.^nH-  "     — >     C!j.Hi^< 


c:noh  "      «  "^c:noh" 

It  has  been  shown  already  that  camphoryl-i/^-semicarbazide  is 
characterised  by  the  readiness  with  which  it  undergoes  condensation 
with  aldehydes,  and  as  the  oxime  would  appear  to  contain  a  primary 


STUDIES    IN    THE   CAMPHANE   SERIES.      PART   XXIII.  869 

semicarbazide  nucleus,  we  expected  to  find  that  this  compound  also 
would  combine  freely  with  aldehydes.  That,  however,  is  not  the  case. 
Condensation  products  have  been  obtained,  it  is  true,  from  benz- 
aldehyde,  m-nitrobenzaldehyde,  and  furfuraldehyde,  but  only  with 
great  difficulty,  and  experiments  with  other  aldehydes  failed  to  yield 
derivatives.  Moreover,  the  compounds  obtained  from  the  aldehydes 
mentioned  are  resolved  by  dilute  acids  into  their  components  so  easily 
as  to  distinguish  them  sharply  from  camphoryl-i/^-semicarbazones.  The 
unusually  high  specific  rotatory  power  which  characterised  the  latter 
group  is  not  observed  among  the  members  of  the  oxime  series. 

By  the  action  of  acids  on  the  oxime  of  camphorylsemicarbazide 
(m.  p.  242°),  there  is  produced  an  isomeric  substance  melting  at  222^^, 
the  converse  change  being  effected  by  warm,  dilute  potassium  hydr- 
oxide. This  oxime  is  Isevorotatory,  and  is  further  distinguished  from 
the  original  modification  by  the  readiness  with  which  hydroxylamine  is 
eliminated  under  the  influence  of  acids,  regenerating  camphoryl-i/^-semi- 
carbazide.  This  behaviour  on  the  part  of  a  substituted  camphoroxime 
is  quite  unusual,  and  as  far  as  we  know,  unique,  because  one  of  the 
most  conspicuous  features  of  camphoroxime,  distinguishing  it  from  the 
majority  of  ketoximes,  is  the  tenacity  with  which  the  oximino-group 
resists  the  action  of  hydrolytic  agents. 

Moreover,  the  occurrence  of  isomerism  among  the  substitution 
products  of  camphoroxime  has  not  been  observed  hitherto,  and  in  this 
connexion  the  pi'operties  of  a  substance  first  described  by  Lapworth 
and  Harvey  (Trans.,  1902,  81,  553)  appear  highly  interesting.  These 
authors  warmed  the  hydrochloride  of  aminocamphoroxime  with 
potassium  cyanate,  obtaining  the  oxime  of   camphorylcarbamide, 

CH-NH-CO-NH, 

^8«i4^c:noh 

which  we  prepared  subsequently  by  the  action  of  hydroxylamine  on 
camphor  J  Icarbamide  and  its  pseudo-Taodi&cation  (Trans.,  1905,  87,  114). 
They  noted  two  crystalline  forms,  needles  and  plates,  both  of  which 
appeared  to  melt  at  203 — 204° ;  on  one  occasion,  however,  they  found 
the  plates  melted  at  158 — 159°,  immediately  solidified,  and  melted 
again  at  203—204°.  In  the  light  of  our  own  experiments,  it  appears 
to  us  probable  that  a  specimen  of  the  oxime  which  melts  at  203 — 204° 
contains  two  modifications,  because  we  have  raised  the  melting  point 
to  212°  by  repeated  crystallisation,  and  then,  by  the  action  of  cold 
hydrochloric  acid,  converted  it  into  a  modification  which,  when  crys- 
tallised from  methyl  alcohol,  partly  fuses  at  about  180°,  immediately 
resolidifies,  and  finally  melts  at  202°. 

Much  remains  to  be  accomplished  before  the  exact  relation  between 
the  two  oximes  of  camphorylsemicarbazide  can  be  established,  but  the 
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existence  of  camphoroxime  and  its  derivatives  in  one  form  only  has 
long  been  a  puzzling  circumstance  to  workers  on  the  subject,  and  makes 
it  worth  while  to  record  the  existence  of  these  two  compounds.  The 
most  significant  point  as  regards  this  relationship,  however,  is  the 
facility  with  which  hydroxylamine  is  eliminated  from  the  modification 
which  melts  at  222°.  The  behaviour  of  the  benzylidene  derivative 
towards  acids  indicates  that  the  less  fusible  modification  does  not  thus 
lose  the  oximino-group,  and  the  natural  conclusion  is  that  the  two 
compounds  are  oxime  and  iso-oxime, 

o 

because  the  only  camphor  derivative  in  which  the  iso-oxime  structure  has 
been  conclusively  recognised,  namely,  the  ^V-methyl  ether  of  zsonitroso- 
camphor,  is  hydrolysed  immediately  by  warm,  dilute,  mineral  acids, 
yielding  camphorquinone  and  /?-methylhydroxylamine  (Trans.,  1904, 
85,  896). 

Experimental. 

Oxime  of  Caniphorylsemicarbazide,  CgHj^<^  i         A.      ^  ^. 

One  hundred  grams  of  camphoryl-i/^-semicarbazide  nitrate  were  con- 
verted into  the  acetate,  and  heated  in  700  c.c.  of  absolute  alcohol  with 
50  grams  of  hydroxylamine  hydrochloride  and  50  grams  of  crystallised 
sodium  acetate  dissolved  in  water  ;  after  four  hours  the  liquid  was 
diluted,  and  evaporated  until  crystals  began  to  separate,  70  grams 
being  thus  obtained.  It  was  found  that  the  yield  is  greatly  diminished 
if  the  alcohol  is  removed  before  adding  water,  owing  to  the  hydrolytic 
action  of  the  free  acetic  acid  ;  moreover,  much  time  is  saved  by  using 
the  acetone  compound  of  the  i/r-semicarbazide  instead  of  the  acetate, 
the  yield  of  oxime  being  the  same. 

The  substance  was  recrystallised  from  boiling  absolute  alcohol, 
separating  in  lustrous,  transparent,  six-sided  plates;  it  melts  at  242°, 
with  violent  intumescence  : 

01757  gave  0-3520  COo  and  01304  H,0.     C  =  54-64;  H  =  8-25. 

0-2436     „     49-8  c.c.  of  nitrogen  at  19°  and  766  mm.     N  =  23-64. 
C11H20O2N4  requires  C  =  55-00;  H  =  8-33;  N  =  23-33  per  cent. 

A  solution  containing  0-1025  gram  in  25  c.c.  of  pyridine  gave 
ao  0°40'  in  a  2-dcm.  tube,  whence  [a]i>  81*3°,  and  02114  gram 
dissolved  in  25  c.c.  of  glacial  acetic  acid  gave  a^  1°47',  corresponding 
to  [a]o  105-4°.  The  oxime  is  insoluble  in  petroleum,  and  dissolves 
very  sparingly  in  boiling  acetone,  chloroform,  or  ethyl  acetate  ;  it  is 
moderately  soluble  in  hot  alcohol,  cold  pyridine,  or  hot  nitrobenzene, 
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dissolving  readily  in  cold  glacial  acetic  acid,  from  which  it  separates 
on  considerable  dilution  with  water.  The  substance  dissolves  in  dilute 
aqueous  alkalis,  being  reprecipitated  by  acids,  but  is  insoluble  in 
sodium  carbonate.  The  alcoholic  solution  gives  a  mirror  when  warmed 
with  ammoniacal  silver  oxide,  but  it  is  indifferent  to  ferric  chloride, 
even  on  boiling. 

The  action  of  Fehling's  solution  on  the  oxime  indicates  very  clearly 
the  position  of  the  oximino-group.  This  agent  has  been  shown  to 
oxidise  camphoryl-i/^-semicarbazide  to  camphor,  with  simultaneous 
elimination  of  cyanic  acid  ;  the  oxime  also  reduces  Fehling's  solution 
on  warming,  the  product  consisting  of  camphoroxime,  which  can  be 
extracted  by  ether  in  the  form  of  a  soluble  copper  derivative. 

The  Isomeric  Oxime. — When  dry  hydrogen  chloride  is  passed  into  a 
suspension  of  the  finely  powdered  oxime  in  benzene  no  change  occurs, 
but  if  solid  sodium  carbonate  is  added  to  a  solution  of  the  oxime  in 
20  per  cent,  sulphuric  acid  or  concentrated  hydrochloric  acid,  the 
colourless,  crystalline  precipitate  is  found  to  be  distinct  from  the 
original  oxime,  although  isomeric  with  it,  whilst  the  filtrate  reduces 
cold  Fehling's  solution.  The  elimination  of  hydroxylamine  to  which 
this  reduction  is  due  makes  it  impossible  to  convert  the  oxime  into 
the  isomeride  quantitatively,  because  the  dissolution  in  acid  proceeds 
very  slowly,  and  before  it  is  complete  the  product  has  begun  to  lose 
hydroxylamine.  The  isomeride  dissolves  sparingly  in  boiling  alcohol, 
from  which  it  crystallises  in  flat,  lustrous  needles,  melting  with 
decomposition  at  222°. 

0-1811  gave  0-3634  CO2  and  0-1393  H2O.     C  =  54-73;  H  =  8-54. 
0-1356     „     27-9  c.c.  of  nitrogen  at  24°  and  766  mm.     N  =  23'26. 
CiiHjoOoN^  requires  C  =  55-00 ;  H  =  8-33  ;  N  =  23-33  per  cent. 

A  solution  containing  01 015  gram  in  25  c.c.  of  pyridine  gave 
ao  -0°23'  in  a  2-dcm.  tube,  whence  [aj^  -37-7°.  The  substance  is 
insoluble  in  petroleum,  and  dissolves  very  sparingly  in  boiling  chloro- 
form, being  slightly  more  soluble  in  boiling  ethyl  acetate ;  cold 
pyridine  dissolves  it  less  readily  than  the  original  oxime. 

Before  this  compound  was  analysed,  it  was  believed  to  be  the 
anhydride  of  the  dextrorotatory  oxime,  because  the  latter  is  re. 
generated  when  the  solution  is  heated  with  aqueous  potash  ;  the  cold 
agent  has  no  effect  upon  it,  but  warming  the  liquid  effects  dissolution, 
and  on  neutralising  the  diluted  solution  with  hydrochloric  acid,  the 
crystalline  precipitate  consists  of  the  dextrorotatory  oxime.  The 
isomerides  are  distinguished  by  their  behaviour  towards  alcoholic 
ferric  chloride,  which  develops  with  the  Itevorotatory  oxime  a  grass- 
green  coloration,  doubtless  due  to  the  hydroxylamine  eliminated  by 
acids,  because  the  colour  of  the  liquid  resembles  exactly  that  produced 
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by  ferric  chloride  and  hydroxylamine  hydrochloride.  The  readiness 
with  which  hydroxylamine  is  eliminated  is  further  shown  by  the 
behaviour  of  Fehling's  solution,  which  has  no  action  on  a  cold 
alkaline  suspension  of  the  laevorotatory  oxime  ;  if,  however,  the 
latter  is  dissolved  in  dilute  hydrochloric  acid,  and  promptly  rendered 
alkaline,  Fehling's  solution  is  reduced  without  warming. 

Action  of  Nitrous  Acid.— Five  grams  of  the  dextrorotatory  oxime 
were  dissolved  in  50  c.c.  of  20  per  cent,  sulphuric  acid  and  cooled  with 
ice  during  the  gradual  addition  of  16  c.c,  of  a  20  per  cent,  solution  of 
sodium  nitrite;  no  marked  change  occurred  until  13  c.c.  had  been 
added,  when  suddenly  a  flocculent  precipitate  appeared  in  the  some- 
what turbid  liquid.  On  spreading  the  filtered  material  over  porous 
earthenware,  it  was  found  to  be  yellow  and  slimy,  but  when  exposed 
to  air  it  gradually  became  pale  and  friable,  liberating  cyanic  acid ; 
when  quite  hard  and  odourless  the  product  was  crystallised  from 
absolute  alcohol,  and  found  to  consist  of  camphorylazoimide,  melting 
at  67°.  The  filtrate  from  the  slimy  precipitate  was  warmed  to  about 
80°,  when  brisk  evolution  of  cyanic  acid  took  place,  and  camphoryl- 
azoimide separated. 

Condensation  of  the  Cnmphorylsemicarbazide  Oxime  with  Aldehydes. 

The    henzylidene    compound,    CgHj4<^i.        '  °    °  '' 

was  obtained  by  heating  5  grams  of  the  oxime  in  alcohol  with  3  grams 
of  benzaldehyde  and  a  few  drops  of  ammonia  during  four  hours,  a 
preliminary  experiment  having  shown  that  condensation  does  not  occur 
unless  the  liquid  is  faintly  ammoniacal ;  the  product  was  crystallised 
from  acetone  and  then  twice  from  hot  alcohol,  which  yielded  lustrous, 
transparent  prisms,  melting  with  decomposition  at  205°  : 

01919  gave  0-6077  CO2  and  0-2591  HgO.     C  =  63-96;  H  =  8-23. 

0  2936     „     38-8  c.c.  of  nitrogen  at  17°  and  742  mm.     N  =  15-30. 

CigHa^OgN^  requires  0  =  65-85  ;  H  =  7-31  ;  N  =  17-07. 

C^gHo A^4  +  CgHfiO       „        0  =  64-17;  H  =  8-02;  N  =  14-97  percent. 

A  solution  containing  0-2612  gram  in  25  c.c.  of  chloroform  gave 
a^  2°18'  in  a  2-dcm.  tube,  whence  [ajo  llO-P.  The  substance  is 
insoluble  in  petroleum,  and  is  only  moderately  soluble  in  hot  benzene, 
but  it  dissolves  readily  in  ethyl  acetate,  and  freely  in  chloroform  and 
pyridine ;  when  covered  with  methyl  alcohol,  ethyl  alcohol,  or  acetone, 
the  compound  absorbs  the  solvent,  and  dissolves  only  on  heating  with 
a  further  quantity.  Oold  Fehling's  solution  has  no  action,  but  is 
reduced  on  boiling,  and  ammoniacal  silver  oxide  also  undergoes  slight 
reduction  when  warmed  with  the  alcoholic  solution. 

An  attempt  to  prepare  the  henzylidene  compound  by  heating  benz- 
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aldehyde  camphoryl-i/^-semicarbazone  in  absolute  alcohol  with  hydroxyl- 
amine  acetate  was  unsuccessful,  the  oxime  of  camphorylsemicarbazide 
being  produced  instead. 

When  the  finely-powdered  benzylidene  compound  was  covered  with 
cold  20  per  cent,  sulphuric  acid,  the  odour  of  benzaldehyde  slowly 
became  perceptible,  but  the  solid  did  not  disappear ;  after  four  weeks 
the  filtrate,  when  rendered  alkaline,  reduced  cold  Fehling's  solution 
immediately,  whilst  the  solid  contained  the  laevorotatory  oxime  and 
benzaldehyde  camphoryl-i/'-semicarbazone.  Thus,  the  action  of  acid 
first  eliminates  benzaldehyde  and  converts  a  portion  of  the  regenerated 
oxime  into  its  isomeride  ;  this  loses  hydroxylamine,  forming  camphoryl- 
i/^-semicarbazide,  which  at  once  combines  with  the  liberated  benz- 
aldehyde. 

The  m-nitrobenzi/lidene  compound, 

xh-n(n:ch-C6H4-no2)-co-nh, 

was  prepared  from  5  grams  of  the  oxime  and  3  "2  grams  of  ni-u'iivo- 
benzaldehyde  by  heating  with  alcohol  and  a  few  drops  of  ammonia 
in  a  sealed  tube  during  four  hours  at  100°.  On  crystallising  the 
product  from  acetone  mixed  with  petroleum,  it  was  obtained  in  minute, 
flat,  transparent  needles,  melting  at  215°  with  vigorous  decomposition  : 
01923  gave  0-4051  COg  and  0*1117  H^O.  C  =  57-45  ;  H  =  6-45. 
OjgHogO^Nj  requires  0  =  57-91;  H  =  6-16  per  cent. 

A  solution  containing  0'1367  gram  dissolved  in  25  c.c.  of  chloro- 
form gave  od  1°23'  in  a  2-dcm.  tube,  whence  [ajo  126-5°.  The 
substance  is  insoluble  in  petroleum,  dissolving  sparingly  in  cold 
chloroform  or  boiling  benzene,  crystallising  from  the  latter  in  silky 
needles  ;  it  is  moderately  soluble  in  hot  methyl  or  ethyl  alcohol,  and 
in  cold  ethyl  acetate,  whilst  cold  acetone  and  glacial  acetic  acid  dis- 
solve it  freely. 

„,..,.,  ,  ^^    xh-N(n:ch-o,b;30)-oo-nh, 

Ihe/wr/wr^/aaene  compound,  CgHj^<^i,'  as/  .^ 

C^s  OH 

obtained  by  heating  5  grams  of  the  oxime  with  2  5  grams  of  furfuralde- 

hyde  in  absolute  alcohol  during  three  days  under  a  reflux  condenser, 

was  crystallised^  several  times  from  alcohol,  and  finally  precipitated 

from  chloroform  by  petroleum ;  it  melts  and  decomposes  at  225°  : 

0-1859  gave  28-4  c.c.  of  nitrogen  at  20°  and  770  mm.     N-  17-71. 

CjgHgjOgN^  requires  N  =  17-61  percent. 

A  solution  containing  0-3311  gram  in  25  c.c.  of  chloroform  gave 
ttD  3°12'  in  a  2-dcm.  tube,  whence  [ajo  120  8^.  The  substance  is 
insoluble  in  petroleum,  and  crystallises  fi'om  boiling  benzene  in 
slender,  transparent,  prismatic  needles ;  it  is  readily  soluble  in  cold 
chloroform,  ethyl  acetate,  or  acetone,  combining  with  the  last-named 
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medium.     Ethyl   alcohol   deposits   it   in   fern-like  aggregates,   and  it 
crystallises  from  methyl  alcohol  in  transparent,  hexagonal  prism.s. 

Oxime  of  Camphorylazoimide,  ^^u^Cy^.-f^p.^- 

Forty  grams  of  camphorylazoimide  dissolved  in  500  c.c.  of  absolute 
alcohol  were  treated  during  eight  hours  with  20  grams  of  hydroxyl- 
amine  hydrochloride  and  30  grams  of  anhydrous  sodium  acetate  dissolved 
in  water,  then  for  a  few  hours  with  a  further  10  grams  of  the  hydro- 
chloride and  15  grams  of  the  acetate  ;  the  filtered  liquid  was  evaporated 
and  treated  with  water,  but  the  product,  even  after  the  second  treat- 
ment with  hydroxylamine,  solidified  very  slowly,  and  required  to  be 
recrystallised  several  times  from  dilute  alcohol  before  the  melting 
point  remained  constant.  The  oxime  forms  lustrous,  silky  needles 
melting  at  84° : 

0-19S9  gave  0-4192  COg  and  0-1462  n^O.     C  =  57-48;  H  =  8-16. 

0-1153     „     27-6  c.c.  of  nitrogen  at  23°  and  770°  mm.     N  =  27-34. 
CioHirP^4  requires  C  =  57-69  ;  H  =  7-70  ;  N  -  2692  per  cent. 

Determinations  of  rotatory  power  were  carried  out  in  a  2-dcm.  tube, 
25  c.c.  of  solvent  being  employed  in  each  case  : 
0-5046  gram  in  benzene  gave  aj,   -  8°0',  whence  [a]o  -  198*2°. 
0-5037     „     in  absolute  alcohol  gave  a^  -  6°27',  whence  \_a\  -  1601°. 
05128     „      in  acetone  gave  a^  -  6°43',  whence  [aj^  —163-7°. 
0-5230     ,,      in  chloroform  gave  ap  -  6°45',  whence  [ajo  -161-3°. 

It  dissolves  very  readily  in  petroleum  or  in  cold  alcohol,  but  is  very 
sparingly  soluble  in  boiling  water,  from  which  it  crystallises  in  thread- 
like needles  ;  it  is  odourless,  and  only  very  slightly  volatile  in  steam. 
Compared  with  camphorylazoimide  and  camphoroxime,  the  sub- 
stance is  most  inert.  It  does  not  yield  a  benzoyl  derivative  by  the 
Schotten-Baumann  method,  and  it  is  indifferent  towards  cold  alcoholic 
potash  ;  dilute  sulphuric  acid  dissolves  it  slowly  without  eliminating 
hydroxylamine,  and  if  the  acid  solution  is  boiled  it  becomes  turbid, 
and  a  volatile  oil,  probably  a  nitrile,  is  formed,  having  a  pungent 
odour  of  peppermint,  again  without  production  of  hydroxylamine. 

In  working  with  camphorylazoimide  we  made  many  attempts,  under 
varying  conditions,  to  remove  the  nitrogen  in  the  form  of  hydrazoic 
acid,  but  without  success.  The  oxime,  however,  when  boiled  with 
alcoholic  potash  yields  hydrazoic  acid,  which  has  been  isolated  as  usual 
in  the  form  of  the  silver  salt ;  we  have  not  identified  the  remaining 
products,  having  satisfied  ourselves  that  the  hoped-for  structural 
isomeride  of  ?sonitro.socamphor  is  not  among  them. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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LXXXL— 27ic  Constituents  of  the  Essential  Oil  of 
American  Pennyroyal.  Occurrence  of  a  Dextro- 
Menthone. 

By  Marmadukb  Barrowcliff, 

The  essential  oil  obtained  by  distillation  from  the  labiate  plant 
Hedeoma  jjulegioides  (Linne)  Persoon,  commonly  known  as  American 
Pennyroyal,  was  first  investigated  by  Kremers  {^Proc.  Amer.  Pharm. 
Assoc,  1887,  35,  546),  who  stated  that  it  contained  esters  of  formic, 
acetic,  and  isoheptoic  acids,  together  with  two  compounds  having  the 
empirical  formula  CjgHjgO,  which  were  designated  "  hedeomol."  These 
compounds,  which  were  separated  by  the  fractional  distillation  of  the 
hydrolysed  oil,  were  found  to  boil  respectively  at  168 — 171°  and 
206 — 209°.  In  a  subsequent  communication  (Pharm.  Bundschau, 
1891,  9,  130),  Kremers  showed  that  both  these  compounds  were 
ketones.  From  the  fraction  of  the  oil  boiling  at  168 — 171°  he  pre- 
pared a  crystalline  oxime  melting  at  41 — 43°,  whilst  the  fraction 
boiling  at  206 — 209°  yielded  an  oxime  melting  at  52°,  which  be  indi- 
cated might  possibly  be  ^-menthoxime.  Somewhat  later,  Habhegger 
(Amer.  J.  Pharm.,  1893,  65,  417)  identified  pulegone  as  a  constituent 
of  the  oil. 

The  necessity  having  arisen  for  preparing  a  quantity  of  pulegone,  for 
which  the  oil  of  hedeoma  appeared  to  be  a  convenient  source,  it  was 
deemed  desirable  to  examine  more  completely  the  other  constituents 
of  this  oil,  and  the  results  are  embodied  in  the  present  communication. 

Experimental. 

The  material  employed  for  this  investigation  was  obtained  from 
Messrs.  Fritzsche  Brothers,  New  York,  and  possessed  the  characters 
of  a  genuine  hedeoma  oil.  It  had  a  density  of  0"9297  at  15°/15°,  an 
optical  rotation  at  22°  of  +  25°44'  in  a  1-dcm.  tube,  and  was  soluble  in 
twice  its  volume  of  70  per  cent,  alcohol.  By  a  preliminary  determina- 
tion of  the  amount  of  free  and  combined  acids,  it  was  found  that 
20  grams  of  the  oil  required  0"064  gram  NaOH  to  neutralise  the  free 
acids  and  0'1025  gi-am  NaOH  to  hydrolyse  the  esters  present. 

Treatment  with  Sodium  Carbonate. — The  entire  amount  of  oil 
(2200  grams)  was  first  shaken  three  times  successively  with  a  10  per 
cent,  solution  of  sodium  carbonate.  The  combined  alkaline  liquids 
were  extracted  with  ether  to  remove  any  suspended  oil,  then  acidified 
with  sulphuric  acid,  and  distilled  in  steam.  The  distillate,  which  con- 
tained some  oily  drops,  was  extracted  with   ether,  and  the  ethereal 


0-0918  Ag.  Ag  =  40-7. 

00914  Ag.  Ag  =  41-4. 

0-0975  Ag.  Ag  =  41-8. 

0-0786  Ag.  Ag  =  42-6. 
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solution  well  washed  with  water,  the  washings  being  added  to  tho 
aqueous  distillate.  From  the  acids  remaining  in  the  latter  a  barium 
salt  was  prepared,  which  gave  the  reactions  of  formic  and  butyric 
acids.  The  oily  acids  which  had  been  extracted  by  ether  were 
neutralised  with  potassium  hydroxide,  and  subsequently  converted 
into  silver  salts  by  fractional  precipitation  with  a  solution  of  silver 
nitrate.     These  were  washed,  dried,  and  analysed  : 

Fraction      I.     0-1837  of  silver  salt  gave  0-0707  Ag.     Ag  =  38-4. 
II.     01286  „  „     0-0514  Ag.     Ag  =  39-9. 

„      III.     0-2251 

„      IV.     0-2205 

„        V.     0-2329 

„      VI.     0-1844 

OjoHjgOoAg  requires  Ag  =  39-0  per  cent. 
CgHjAAg  V       Ag  =  43-0       „ 

The  oily  acids  therefore  appear  to  be  a  mixture  of  octoic  and 
decylic  acids.  No  indication  was  obtained  of  the  presence  of 
isoheptoic  acid,  Avhich  Kremers  (Proc.  Amer.  Pharm.  Assoc,  1887,  35, 
546)  considered  to  be  a  constituent  of  the  oil. 

Treatment  with  Potassium  Hydroxide. — After  the  treatment  with 
sodium  carbonate  the  oil  was  extracted  thi^ee  times  successively  with 
a  5  per  cent,  solution  of  potassium  hydroxide,  then  washed  with  water, 
and  dried  with  anhydrous  sodium  sulphate.  The  combined  alkaline 
liquids  were  extracted  with  ether  to  remove  a  small  amount  of 
suspended  oil,  then  acidi6ed  with  sulphuric  acid,  and  again  extracted 
with  ether.  This  ethereal  liquid  was  shaken  with  a  solution  of  sodium 
carbonate,  washed,  dried,  and  the  solvent  removed,  when  a  very  small 
amount  of  a  viscid  oil  was  obtained  which  had  a  creosote-like  odour 
and  gave  a  brown  coloration  with  ferric  chloride.  This  substance  was 
evidently  a  phenol,  but  an  attempt  to  obtain  a  crystalline  benzoyl 
derivative  from  it  was  unsuccessful. 


Identification  of  Salicylic  Acid-. 

The  alkaline  liquid  obtained  by  shaking  the  above-mentioned 
ethereal  liquid  with  a  solution  of  sodium  carbonate  was  acidified  with 
sulphuric  acid  and  extracted  with  ether.  This  ethereal  liquid,  after  the 
removal  of  the  solvent,  yielded  a  small  amount  of  a  crystalline  solid, 
which  was  brought  on  a  porous  plate  to  remove  a  little  adhering  oil, 
and  then  recrystallised  from  water,  from  which  it  separated  in  needles 
melting  at  156°.     It  gave  a  violet  coloration  with  ferric  chloride  : 

0-1046  gave  0-2332  COg  and  0-0411  H,0.     C  =  60-8;  H  =  4-4. 
C7Hg03  requires  C  =  60-9;  11  =  4-3  per  cent. 
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This  substance  was  thus  identified  as  salicylic  acid.  As  the  original 
oil  had  previously  been  extx'acted  with  sodium  carbonate,  this  acid 
could  not  have  existed  in  it  in  a  free  state,  and  was  probably  present 
in  the  form  of  methyl  salicylate,  which  had  become  hydrolysed  in  the 
pi'ocess  of  isolation. 

Preliminary  Examination  of  the  Ter penes. — In  order  to  test  for  the 
presence  of  an  olefinic  or  other  unstable  terpene,  the  oil  which  had 
previously  been  extracted  with  sodium  carbonate  and  caustic  alkali,  as 
above  described,  was  distilled  under  60  mm.  pressure,  and  the  portion 
which  passed  over  below  120*^  (about  50  c.c.)  separately  collected. 
This  was  again  distilled  under  the  same  pressure,  when  it  was  resolved 
into  the  following  fractions:  below  105°,  105—120°;  above  120°. 
The  fraction  boiling  below  105°/60  mm.  had  the  odour  of  pinene  and  a 
density  of  0-8508  at  15°/15°,  which  indicated  the  absence  of  any 
olefinic  terpene.  The  fraction  105 — ^120°/60  mm.  was  specially  tested 
for  phellandrene,  but  with  a  negative  result.  All  the  above  fractions 
were  subsequently  added  to  the  main  portion  of  the  oil  after  the  latter 
had  been  liydrolysed. 

Isolation  of  Pulegone. 

The  entire  portion  of  the  oil  boiling  above  120°/60  mm.  was  treated 
with  a  solution  of  sodium  bisulphite  according  to  the  method  employed 
by  Baeyer  for  the  separation  of  pulegone  from  the  oil  of  Mentha 
Pulegium  {Ber.,  1895,  28,  652),  and  the  mixture  actively  shaken  for 
ten  days.  This  effected  the  separation  of  a  large  quantity  of  a  crys- 
talline bisulphite  compound,  which  was  removed  by  filtration  and 
washed  with  alcohol  and  ether.  The  uncombined  oil  contained  in  the 
filtrate  and  washings  was  extracted  with  ether,  and  the  ethereal  solu- 
tion dried  with  anhydrous  sodium  sulphate.  After  the  removal  of  the 
ether  the  residual  oil  was  rectified  under  60  mm.  pressure,  when  a 
small  quantity  of  resinous  matter  remained  in  the  flask.  The  further 
treatment  of  this  portion  of  the  oil  is  subsequently  described. 

The  solid  bisulphite  compound  and  the  aqueous  filtrate  therefrom, 
which  had  been  freed  from  uncombined  oil,  were  then  separately 
decomposed  by  warming  with  a  solution  of  potassium  hydroxide,  and 
the  liberated  ketone  extracted  with  ether  and  dried.  That  obtained 
from  the  solid  bisulphite  compound  distilled  at  135 — 140°/65  mm.  as  a 
colourless  oil,  which  acquired  a  slight  yellow  colour  on  standing,  and 
amounted  to  390  grams  : 

0-1027  gave  0-2966  CO.  and  0-0979  H2O.     C  =  78-8;  H=10-6. 
C\oHigO  requires  C  =  78-9  ;  H  =  10-5  per  cent. 

(Z  =  0-9377  at  20°/20°;  oq  -t-19°50'  in  a  1-dcm.  tube,  whence 
[a]o  -t-21-15°. 

A  portion  of  this  ketone  was  treated   with  semicarbazide  hydro- 
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chloride  and  sodium  acetate,  when  a  semicarbazone  was  obtained 
which,  after  crystallisation  from  methyl  alcohol,  melted  sharply  at  171% 
the  melting  point  of  pulegone  semicarbazone. 

The  oil  obtained  by  treating  the  aqueous  bisulphite  liquid  with 
alkali  likewise  distilled  at  135 — 140°/65  mm.,  and  amounted  to 
140  grams.  It  had  an  optical  rotation  of  +  18°2B'  in  a  1-dcm.  tube, 
and  yielded  a  semicarbazone  melting  at  171°  It  therefore  also  con- 
sisted of  pulegone,  and  the  somewhat  lower  rotatory  power  may  be 
due  to  its  having  become  partially  racemised.  The  total  quantity  of 
pulegone  obtained  by  the  above  treatment  with  bisulphite  thus 
corresponds  to  24' 1  per  cent,  of  the  original  oil. 

Hydrolysis  of  the  Oil. 

The  oil  from  which  the  pulegone  had  been  removed  as  completely  as 
possible  by  the  above-described  treatment  with  bisulphite  was  hydro- 
lised  by  boiling  it  for  two  hours  with  a  solution  of  16  grams  of 
potassium  hydroxide  in  400  c.c.  of  90  per  cent,  alcohol,  the  mixture 
being  frequently  shaken.  After  removing  the  greater  portion  of  the 
alcohol,  a  quantity  of  water  was  added,  and  the  mixture  extracted 
with  ether,  the  ethereal  solution  being  subsequently  washed  with 
water  and  dried  with  anhydrous  sodium  sulphate.  After  the  removal 
of  the  ether  the  product  was  distilled  under  a  pressure  of  60  mm., 
when  the  greater  portion  passed  over  between  135°  and  155°,  a  small 
quantity  of  resinous  substance  being  left  in  the  flask.  The  weight  of 
the  hydrolysed  oil  thus  obtained  was  1115  grams. 

Fractional  Distillation  (if  the  Oil. 

The  whole  of  the  oil  remaining  from  the  foregoing  treatment,  to 
which  was  added  the  small  portion  that  had  been  separated  for  the 
preliminary  examination  of  the  terpenes,  was  then  subjected  to  repeated 
fractional  distillation  under  the  ordinary  pressure,  when  the  following 
fractions  were  finally  collected  :  155—165°,  165—170°,  170—180°, 
180—190°,  190—200°,  200—207°,  207—212°,  212—217°,  217—224°, 
224—240°,  240—250°,  250—260°,  260—270°,  270—280°,  280—290°, 
290—300°,  300—310°. 

Identification  of  Finene. 

Fraction  155 — 165°. — This  was  a  colourless,  mobile  liquid  and 
amounted  to  7  grams  : 

0-1237  gave  0-3536  CO,  and  0-1248  HgO.     C  =  780;  H  =  ll-2. 

d  16-5°/16-5°  =  0-8867  ;  a^  -  3°32'  in  a  1-dcm.  tube. 
The  characters  of    this    fraction    indicated    that  it   consisted  of   a 
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terpene,  mixed  with  some  of  the  oxygenated  constituents  of  the  oil. 
In  order  to  remove  the  latter  as  completely  as  possible,  it  was  washed 
several  times  with  70  per  cent,  alcohol,  when  a  small  amount  of  liquid 
remained  which  was  sparingly  soluble  in  this  solvent.  It  then  yielded 
a  small  quantity  of  a  crystalline  nitrosochloride,  melting  at  103 — 104°, 
from  which  the  corresponding  nitrolbenzylamine,  melting  at  122*^,  was 
prepared.  The  presence  of  a  small  amount  of  /-pinene  in  the  oil  was 
thus  established. 

Identification  of  l-Methyl-3-cyc\ohexanone, 

Fraction  165 — 170°. — This  was  a  colourless,  limpid  liquid  having 
an  agreeable  odour.  It  distilled  for  the  most  part  at  166 — 168°  and 
amounted  to  87  grams  : 

0-1337  gave  0-3780  CO2  and  0-1324  np.     C  =  77-lj  H  =  110. 
d  16-57l6-5°- 0-9006  ;  a^  -0°io'  in  a  1-dcm.  tube. 

This  fraction,  although  consisting  chiefly  of  an  oxygenated  sub- 
stance, evidently  contained  some  pinene.  Its  solution  in  chloroform 
decolorised  a  considerable  amount  of  bromine,  hydrogen  bromine  being 
evolved. 

On  treatment  with  hydroxylamine  an  oxime  was  obtained  which 
distilled  at  130°  under  33  mm.  pressure,  and  then  slowly  solidified  in 
fine  needles  melting  at  41 — 43°.  This  melting  point  corresponds  with 
that  of  an  oxime  obtained  by  Ki'emers  {Pharm.  Rundschau,  1891,  9, 
130)  from  a  fraction  of  he(!eoma  oil  boiling  at  168—171°,  but  which 
appears  not  to  have  been  identified  or  further  examined  by  him  : 

0-1073  gave  0-2585  00^  and  0-0985  H2O.     C  -  65-7  ;  H  =  10-2. 
C7H13ON  requires  C  =  66-1  ;  H=  10-2  per  cent. 

A  portion  of  the  fraction  was  treated  with  semicarbazide  hydro- 
chloride and  sodium  acetate,  when  a  semicarbazone  was  readily 
obtained.  After  crystallisation  from  alcohol  it  was  obtained  in 
glistening  plates  melting  at  182 — 183°: 

0-1164  gave  0-2420  CO2  and  0-0919  HgO.     0  =  567;  H  =  8-8. 
CgHjfjONg  requires  0  =  56-8  ;  H  =  8-9  per  cent. 

Nine  grams  of  the  semicarbazone  were  decomposed  with  dilute 
sulphuric  acid  and  the  liberated  ketone  distilled  in  steam.  The  distil- 
late was  then  extracted  with  ether,  the  ethereal  solution  dried,  and  the 
solvent  removed,  when  a  residue  was  obtained  which  distilled  at 
167 — 168°  as  a  colourless,  mobile  oil : 

0-1098  gave  0-3018  OO2  and  0-1068  H2O.     0  =  75-0;  H=:10-8. 
0711^20  i-equires  0  =  75-0;  H=10'7  per  cent. 

J  =  0-ai54  at  20°/20°;  aD+12°0'  iu  a  1-dcm.  tube,  whence 
[a]u  4-13-1°. 
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This  ketone  is  thus  seen  to  agree  in  its  composition  and  characters 
with  1 -methyl  S-cyc^ohexanone  (compare  Aschan,  C hemic  der  alicy- 
klischen  Verbindungtn,  1905,  p.  651),  and  it  appears  to  })e  the  first 
instance  in  which  its  occurrence  in  nature  has  been  observed.  Further 
confirmation  of  its  identity  was  afforded  by  condensing  a  portion  with 
benzaldehyde  in  the  presence  of  a  dilute  solution  of  sodium  hydroxide, 
when  a  dibenzylidene  compound  was  obtained,  which  crystallised  from 
alcohol  in  yellow  needles  melting  at  125 — 126°. 

By  the  treatment  of  the  above  fraction  (b,  p.  165 — 170°)  with  an 
excess  of  hydroxylamine  hydrochloride  and  distillation  of  the  product 
under  diminished  pressure,  a  small  fraction  was  obtained  which 
distilled  below  the  boiling  point  of  the  oxime  (130°/33  mm.).  This, 
on  redistillation  at  the  ordinary  pressure,  boiled  at  170 — 176°,  had 
the  odour  of  limonene,  and  an  optical  rotation  of  -  42°  in  a  1-dcm. 
tube.  When  treated  with  a  slight  excess  of  bromine,  and  the  product 
crystallised  from  ethyl  acetate,  dipentene  tetrabromide  (m.  p.  124°) 
was  obtained.  The  mother  liquors  from  the  crystallisation  of  the 
latter  compound  yielded  a  small  amount  of  limonene  tetrabromide 
(m.  p.   104°)  : 

Fraction  170 — 180°. — This  amounted  to  7  grams  : 

0-1170  gave  0-3276  CO2  and  0-1154  H,0.     C-76-4;  H  =  10-9. 
d  16-5°/16-5°  =  0-9048;  a^  +2°4'  in  a  1-dcm.  tube. 

This  fraction  was  tested  for  cineol,  but  with  a  negative  result.  It 
was  distilled  twice  over  sodium,  when  the  greater  portion  of  the 
oxygenated  substances  was  removed,  and  was  then  found  to  contain 
small  amounts  of  dipentene  and  limonene,  which  were  identified  by 
means  of  their  tetrabromo  derivatives  : 

Fraction  180 — 190°. — The  amount  of  this  fraction  was  7  grams  : 

0  0984  gave  0-2748  CO2  and  0-0981  HgO.     C  =  76-2;  H=ll-1. 
d  16-5°/16-5°--=  0-9051 ;  a^  +3°12'  in  a  1-dcm.  tube. 

Fraction  190 — 200°. — This  amounted  to  only  3  grams  : 

0-1075  gave  0-3039  COg  and  0-1082  H^O.     C  =  77-l  ;  H  =  ll-2. 
d  16-5°/16-5°  =  0-9023;  a^  -i-5°40'  in  a  1-dcm.  tube. 

Fraction  200 — 207°. — This  was  the  same  in  amount  as  the  preceding 
fraction  : 

0-1047  gave  0-2966  CO,,  and  0-1055  HgO.     C  =  77-2  ;  H  =  ll-2. 
d  16-5°/16-5°  =  0'9031 ;  a^  +7°12'  in  a  1-dcm.  tube. 

The  three  preceding  fractions  were  too  small  in  amount  to  admit  of 
further  examination.  They  evidently  consisted  of  mixtures  of  the 
constituents  of  the  fractions  of  lower  and  higher  boiling  point. 

Fraction  207— 212°.— The  amount  of  this  fraction  was  65  grams  : 
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0  1165  gave  0-3302  CO.  and  0-1176  H,0.     C  =  77-3;  H=ll-2. 
Cj^H-igO  requires  C  =  77-9;  H  =  ll-7  per  cent. 
d  20720^  =  0-9048;  a^  +16°22'  in  a  1-dcm.  tube. 
This  fraction  was  examined  after  the   composition  of  the  following 
one  had  been  determined,  and  was  found   to  consist  largely  of  the 
constituents  of  that  fraction. 

Fraction  212 — 217°. — This  was  by  far  the  largest  fraction  obtained 
and  amounted  to  620  grams  : 

0-1349  gave  0-3849  CO2  and  0-1358  Hp.     C  =  77-8;  H=ll-2. 
Cjo^IigO  requires  C  =  77-9  ;  H=  11-7  per  cent. 
CioH^O         ,,       C  =  78-9;  H  =  10-5 
d  20720°  =  0-9121  ;  ao  +19°8'  in  a  1-dcm.  tube. 
This  fraction  combined  completely  with  hydroxylamine,  yielding  an 
oily  oxime  which  deposited  no  solid,  even  on  long  standing.     As  there 
appeared  to  be  still  some  pulegone  present,  100  grams  of  the  fraction 
were  treated  with  sodium  bisulphite  solution  in  the  manner  previously 
described,  when  8'5  grams  of  a  bisulphite  compound  were  obtained. 
This,  when  decomposed  with  a  solution  of  potassium  hydroxide,  yielded 
an  oil  which,  both  by  its  boiling  point  and  by  its  semicarbazone,  was 
identified  as  pulegone. 

Isolation  of  \Menthone  and  d-iso Menthone. 

Ten  grams  of  the  fraction  (b.  p.  212 — 217°)  from  which  the  further 
quantity  of  pulegone  had  been  removed,  were  treated  with  semi- 
carbazide  hydrochloride  and  sodium  acetate.  The  semicarbazone  thus 
obtained  was  dissolved  in  hot  absolute  alcohol,  in  which  the  greater 
portion  appeared  to  be  very  sparingly  soluble.  On  cooling,  a  quantity 
(8-5  grams)  of  a  substance  separated  in  long,  handsome  needles  which 
melted  at  184 — 186°,  and  this  melting  point  was  not  altered  by  further 
crystallisation.  This  substance  corresponded  in  melting  point  with 
^menthone  semicarbazone,  and  a  mixture  of  it  with  the  semicarbazone 
from  pure  Z-menthone  (Kahlbaum)  showed  no  diminution  in  melting 
point.  The  ketone  was  regenerated  from  it  by  distilling  rapidly  in 
steam  with  dilute  sulphuric  acid.  The  distillate  was  then  extracted 
with  ethex",  the  ethereal  solution  dried  with  anhydrous  sodium  sulphate, 
and  the  solvent  removed,  when  a  liquid  was  obtained  which  distilled 
completely  at  207—208°  : 

0-1320  gave  0-3768  COg  and  0-1370  HgO.     C  =  77-8  ;  H=ll-5. 
C^QH^gO  requires  0  =  77-9  ;  H=  11-7  per  cent. 

(Z  =  0-8957  at  20°/20° ;  a^  -  10°8'  in  a  1-dcm.  tube,  whence 
[a]o  -  11-3°. 

This  substance  was  evidently  ^-menthone,  and  the  difference  between 
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its  optical  rotation  and  that  of  pnro  ^raenthono  may  be  attributefl  to 
its  having  become  partially  racemiscd  by  the  action  of  the  (sulphuric 
acid  during  its  liberation  from  the  semicarbazone. 

The  oximo  was  prepared,  and,  after  recrystallisation  from  alcohol, 
melted  at  58—59°. 

The  mother  liquors  from  the  above-mentioned  semicarbazone  were 
concentrated,  and  the  solid  obtained  from  them  fractionally  crystal- 
lised from  alcohol.  A  further  small  quantity  of  ^-menthone  semi- 
carbazone was  thus  separated,  and  also  3'5  grams  of  a  substance 
melting  at  136 — 139°,  which  crystallised  in  hard  masses  of  im- 
perfectly formed  cubes.  The  ketone  regenerated  from  this  was 
found  to  distil  at  211— 216°: 

00954  gave  0-2730  CO;,  and  0-0975  H^O.     C  =  78-0  ;  H  =  1 1  -3. 
ti20°/20°  =  0-9148  ;  ai,  -t-24°16'  in  a  1-dcm.  tube. 

From  the  analytical  figures  and  physical  characters  it  appeared 
probable  that  this  substance  was  a  mixture  of  a  strongly  dextro- 
rotatory ketone,  CjoHj^j,0,  with  some  pulegone. 

The  above-mentioned  mother  liquors  also  yielded  about  3  grams  of 
an  uncrystallisable  oil  from  which  the  ketone  was  regenerated.  This 
distilled  at  210—214°  and  had  a^,  +31°36'  in  a  1-dcm.  tube  : 

01157  gave  0-3302  CO2  and  0-1182  H.O.     C  =  77-8;  H  =  ll-3. 
CjoHjgO  requires  C  =  77-9  ;  H=  117  per  cent. 

Tt  was  evident  that  this  substance  also  consisted  largely  of  a  ketone 
of  the  formula  CjqHj^O. 

It  therefore  seemed  probable  that  if  the  pulegone  still  contained  in 
the  fraction  of  oil  boiling  at  212 — 217°  could  be  removed,  the  semi- 
carbazone of  the  dextrorotatory  ketone  might  be  isolated  in  a  state  of 
purity.  With  this  object  in  view  100  grams  of  the  respective  fraction 
were  warmed  with  a  mixture  of  33  grams  of  potassium  dichromate  and 
11  grams  of  sulphuric  acid  in  250  c.c.  of  water,  the  mixture  being 
frequently  shaken.  The  unchanged  ketone  was  then  distilled  in  steam 
and  extracted,  when  a  liquid  was  obtained  which  distilled  at  211 — 213°, 
and  had  op  -t-15°36'  in  a  1-dcm.  tube.  Fifteen  grams  of  this  liquid 
were  converted  into  semicarbazones,  which  were  fractionally  crystal- 
lised from  alcohol,  when  12-5  grams  of  Z-menthone  semicarbazone  were 
obtained.  The  remainder  consisted  almost  entirely  of  a  compound 
which,  after  drying  at  100°,  melted  at  125 — 126°,  only  a  very  small 
amount  of  the  product  being  uncrystallisable. 

The  semicarbazone  melting  at  125 — 126°  was  decomposed  with 
dilute  sulphuric  acid  and  the  liberated  ketone  distilled  as  rapidly  as 
possible  in  steam.  It  was  then  extracted,  and  found  to  boil  constantly 
at  209-210°: 


ESSENTIAL  OIL  OF  AMERICAN   PENNYROYAL.  883 

0-1187  gave  0-3392  CO2  and  0-1247  H,0.     C  =  77-9;  H  =  ll-7. 
OjQHjgO  requires  C  =  77'9  ;  H  =  1 1  '7  per  cent. 

£Z  =  0-8961  at  20720°;  au  +43°36'  in  a  l-dcm.  tube,  whence 
[a]o  +48-6°. 

It  seemed  likely  that  this  ketone  was  a  stereoisomeride  of  ^menthone, 
as  the  physical  constants  of  the  two  compounds,  with  the  exception 
of  the  optical  rotation,  were  practically  the  same.  Its  oxime  is 
an  oil. 

Beckmann  (Annalen,  1889,  250,  322)  has  shown  that  when 
Z-menthone  ([ajo  about  -  28°)  is  treated  with  90  per  cent,  sulphuric 
acid,  a  product  is  obtained  which  possesses  a  rotatory  power  of  about 
[ajo  +  28°.  It  appeared  probable  that  this  change  was  due  to  the 
racemisation  of  one  of  the  two  asymmetric  carbon  atoms  contained  in 
the  ketone,  and  that,  if  this  were  the  case,  the  resulting  mixture  might 
be  separated  into  its  components  by  the  fractiooal  crystallisation  of 
the  semicarbazones  obtained  from  it.  In  order  to  ascertain  whether 
this  could  be  accomplished,  the  following  experiment  was  conducted. 

Fifteen  grams  of  ^-menthone  (Kahlbaum)  having  a  rotation  of 
[ajn  -  28*0°  were  inverted  according  to  the  method  employed  by 
Beckmann  {loc.  cit.),  when  a  product  was  obtained  which  had  a 
rotation  of  [ajo  +22°.  Twelve  grams  of  this  were  converted  into  the 
semicarbazones,  which  were  fractionally  crystallised  from  alcohol. 
A  quantity  (9-6  grams)  of  a  compound  melting  at  184 — 186°  was 
thus  obtained,  which  was  shown  to  be  ^menthone  semicarbazotie,  both 
by  comparison  with  the  latter  and  by  the  characters  of  the  I'egenerated 
ketone.  The  mother  liquors  yielded  a  substance  melting  at  126  — 127°  * 
which  crystallised  in  imperfectly- formed  cubes.  This  was  found 
to  be  identical  with  the  above-described  semicarbazone  melting  at 
125 — 126°.  The  ketone  regenerated  from  it  was  found  to  boil  at 
208^209°,  had  (Z  =  0-8988  at  20°/20°,  and  a^  +42°20'  in  a  l-dcm. 
tube,  whence  [a]o  +47-1°.  This  menthone  thus  possesses  the  highest 
dextrorotatory  power  that  has  as  yet  been  observed. 

Beckmann  (J.  pr.  Chem.,  1897,  55,  18),  by  oxidising  isomenthol 
with  chromic  acid,  obtained  menthones  varying  in  optical  rotation 
from  [a]o  +30°  to  [a]^  +35°,  values  considerably  lower  than  that 
recorded  above. 

The  amount  of  Z-menthone  semicarbazone  obtained  from  the  above- 
described  "inverted  menthone"  ([a]u  +22°)  indicates  that  it  must 
have  contained  at  least  60  per  cent,  of  ^menthone  {[a]o  -  28°).  The 
specific  rotation  of  the  dextrorotatoi-y  constituei.t  of  this  mixture, 
calculated  from  these  figures,  would  therefore  be  [a]u  +97°.     It  is 

*  The  mother  liijuors  from  this  second  seuiicarbazoiie  yielded  a  very  small  quan* 
tity  of  a  substance  which  crystallised  in  fine  needles  melting  at  161 — 163°.  The 
nature  of  this  compound  has  not  been  determined. 
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thus  probable  tliat  the  above-described  dextrorotatory  mentliono  did 
not  possess  its  full  degree  of  optical  activity,  and  that  the  difference 
between  the  calculated  value  ([a]o  +97°)  and  the  figures  actually 
obtained  ([a],,  +47"1°  to  +48'6°)  maybe  attributed  to  racemisation 
having  taken  place  during  the  liberation  of  the  ketone  from  its  semi- 
carbazone. 

Since  the  menthone  molecule  contains  two  asymmetric  carbon  atoms, 
ordinary  ^menthone  must  be  represented  by  either  the  configuration 
-  -  or  — H .  On  treatment  with  sulphuric  acid,  one  of  these  asym- 
metric carbon  atoms,  without  doubt  the  one  situated  in  the  a-position 
to  the  keto-group,  undergoes  racemisation,  and  it  has  been  shown 
that  the  resulting  mixture  consists  of  ^-menthone,  together  with  a 
second  menthone  possessing  a  rotatory  power  of  opposite  sign  but  of 
greater  value  than  that  of  the  former  ketone.  It  follows  from  this 
that  ordinary  ^menthone  must  be  represented  by  the  second  con- 
figuration, namely,  — I- ,  and  that  on  treatment  with  svilphuric  acid 
the  carbon  atom  possessing  a  laBvorotatory  power  undergoes  racemisa- 
tion. The  (Z-menthone  contained  in  hedeoma  oil,  and  also  in  Beck- 
mann's  "  dextro-menthone "  (Annalen,  1889,  250,  322),  must 
therefore  be  represented  by  the  configuration  +  + .  As  this  ketone 
is  not  the  optical  antipode  of  ^menthone,  it  would  seem  advisable  to 
denote  it  by  some  distinctive  name,  such  as  (i-tsomenthone.*  The  two 
other  possible  menthones,  possessing  the  configurations  -  —  and  H — 
respectively,  both  of  which  are  apparently  at  present  unknown,  would 
then  be  designated  respectively  as  Z-isomenthone  and  (/-menthone. 

Fraction  217 — 224°. — The  amount  of  this  fraction  was  43  grams  : 

0-1616  gave  0-4638  OOo  and  0-1565  HoO.     C  =  78-3;  H=10-8. 
d  20720°  =  0-9257;  ao  -t-23°o"'  in  a  1-dcm.  tube. 

A  portion  of  this  fraction  was  treated  with  semicarbazide  and  the 
resulting  semicarbazones  fractionally  crystallised,  when  it  was  found 
to  consist  of  the  constituents  of  the  preceding  fraction,  but  containing 
a  larger  proportion  of  pulegone  than  the  latter. 

Fraction  220 — 240°. — This  amounted  to  10  grams  : 

0-1083  gave  0-3125  CO.^  and  0-1052  H.O.     0  =  78-7  ;  H  =  10-8. 
d  20°/20°  =0-9270  ;  a^  +  12°4'  in  a  1-dcm.  tube. 

This  consisted  of  pulegone  and  the  constituents  of  the  fractions  of 
higher  boiling  point. 

*  This  nomenclature  is  in  accorJance  with  that  adopted  by  Aschan  {Chemie  der 
aliajklischcn  Ferbindungen,  1905,  p.  657),  who  designated  the  "  t^-menthone "  of 
Beckmann  as  fZ-mmenthone,  but  recognised  that  this  is  a  mixture  of  Z-nienthone 
and  a  hitherto  unknown  dextrorotatory  menthone  which,  when  isolated,  would 
properly  receive  the  name  rf-womenthone. 
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Fraction  240 — 250°. — The  amount  of  this  fraction  was  only  3  grams  : 

0-1008  gave  0-2935  CO^  and  0-0978  HgO.     C  =  79-8  ;  H  =  10-8. 
d  20720°  =0-9'296 ;  a^  +4°56'  in  a  1-dcm.  tube. 

Fraction  250 — 260°. — This  amounted  to  3  grams  : 

0-1173  gave  0-3415  CO2  and  0-1145  H2O.     C  =  79-4;  H  =  10-8. 
d  20°/20°  =0-9302;  a^  -0°24'  in  a  1-dcm.  tube. 

Fraction  260—270°. — This  amounted  to  3  grams  : 

0-1100  gave  0-3163  CO2  and  0-1067  HoO.     C  =  78-4;  H  =  10-8. 
d  20°/20°  =0-9322  ;  a^  +0°12''  in  a  1-dcm.  tube. 

Fraction  270 — 280°. — This  amounted  to  3  grams  : 

0-1289  gave  03717  COo  and  0-1245  H2O.     C  =  78G  ;  H  =  10-7. 
d  20°/20°  =0-9385  ;  a^  -1-1°5G'  in  a  1-dcm.  tube. 

Fraction  280 — 290°. — This  amounted  to  3  grams  : 

01090  gave  0-3121  CO2  and  0-1055  H2O.     0  =  78-1;  H  =  10-7. 
d  20°/20°  =0-9375  ;  a^  4-4°56'  in  a  1-dcm.  tube. 

As  the  five  preceding  fractions  were  all  so  very  small  in  amount, 
they  were  not  further  examined. 

Fraction  290 — 300°. — The  amount  of  this  fraction  was  8  grams  : 

0-1099  gave  0-3187  CO2  and  0-1092  H2O.     C  =  79-l  ;  H  =  ll-0. 
d  20°/20°  =0-9307;  a^  -f9°32'  in  a  1-dcm.  tube. 

The  characters  of  this  fraction  indicated  it  to  consist  of  a  mixture 
of  the  constituents  of  the  preceding  and  the  following  fractions. 
Fraction  300 — 310°. — The  amount  of  this  fraction  was  7  grams  : 

0-1150  gave  0-3375  CO2  and  01151  H2O.     C  =  80-0;  H=n-1. 
CjjHjgO  requires  0  =  81-1  ;  H=ll-7  per  cent. 
d  20°/20°  =0-9259  ;  [a]^  +  12°48'  in  a  1-dcm.  tube. 

The  analysis  and  boiling  point  of  this  fraction  indicated  that  it 
might  contain  a  sesquiterpene  alcohol,  and  as  it  was  impossible  to 
obtain  the  latter  in  a  state  of  purity,  it  was  deemed  of  intei-est  to 
prepare  the  corresponding  sesquiterpene  from  it.  The  entire  fraction 
was  accordingly  distilled  several  times  over  phosphoric  oxide, 
and  then  twice  over  metallic  sodium  under  60  mm.  pressure,  when  it 
finally  passed  over  between  160°  and  170°.  Under  the  ordinary 
pressure  it  distilled  between  270°  and  280° : 

0-0890  gave  0-2872  COo  and  0-0916  H.O.     0  =  88-0;  H  =  ll-4. 
CJ5H24  requires  0  =  88-2;  H=ir8  per  cent. 
d  20°/20°  =0-8981  ;  a^  -f  1°4'  in  a  1-dcm.  tube  ;  7il°  =1-5001. 

Molecular  refraction,  66-80. 

The  value  obtained  for  the  molecular  refraction  indicates  that  this 
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substance  belongs  to  the  group  of  bicyclic  sesquiterpenes  with  two 
ethylenic  Unkings.  By  the  production  of  this  sesquiterpene  indirect 
evidence  is  afforded  of  the  presence  of  a  small  amount  of  a  sesquiterpene 
alcohol  in  hedeoma  oil. 


Acids  Obtained  by  the  Hydrolysis  of  the,  Oil. 

The  strongly  alkaline  aqueous  liquid  which  was  separated  from  the 
hydrolysed  oil,  and  from  which  all  adliering  oil  had  been  removed  by 
extraction  with  ether,  as  previously  described,  was  concentrated  to  a 
small  bulk,  then  acidilied  with  sulphuric  acid,  and  distilled  with  steam. 
Tlie  distillate  contained  a  small  amount  of  an  oily  liquid,  which  was 
extracted  with  ether,  the  ethereal  solution  being  subsequently  washed 
with  water  and  dried.  The  acids  remaining  in  the  aqueous  distillate  were 
converted  into  their  barium  salts  and  found  to  be  formic  and  acetic 
acids.  After  removing  the  solvent  from  the  ethereal  solution  of 
volatile  acids,  the  latter  were  converted  into  the  sodium  salts,  from 
which,  by  the  addition  of  silver  nitrate,  the  corresponding  silver  salts 
were  precipitated  in  five  fractious.  These  were  washed,  dried,  and 
analysed  : 

Fraction      I.  0-2130  of  silver  salt  gave  0-0827  Ag.     Ag  =  38-82. 
11.0-1151         „  „     0-0455  Ag.     Ag  =  39-42. 

in.  0-1214         „  „     0-0493  Ag.     Ag  =  40  60. 

IV.  0-1048         „  „     0-0435  Ag.     Ag  =  41-50. 

V.  0-1179         „  „     0-0500  Ag.     Ag  =  42-40. 

CjQHjgOoAg  requires  Ag  =  39-0  per  cent. 
CgHasOgAg        „         Ag  =  43-0       „ 
These  volatile  acids  would  thus  appear  to  consist  of  a  mixture  of 
octoic  and  decylic  acids. 

After  the  distillation  of  the  volatile  acids  there  remained  in  the 
distilling  flask  about  5  grams  of  an  oily  liquid  which  was  not  volatile 
in  steam.  This  was  extracted  with  ether,  and  the  ethereal  liquid 
subsequently  shaken  with  a  solution  of  sodium  carbonate.  The 
aqueous  alkaline  liquid  was  then  acidified,  when  a  viscous,  brown  oil 
was  precipitated,  which  was  extracted  with  ether,  and,  after  the 
removal  of  the  solvent,  distilled  under  20  mm.  pressure.  The  main 
portion  passed  over  at  180 — 240°  as  a  viscid,  pale  brown  oil,  which, 
after  standing  for  some  weeks,  deposited  a  fatty-looking  solid  sub- 
stance. This  was  separated  by  filtration,  brought  on  a  porous  plate 
to  remove  a  little  adhering  oil,  and  then  crystallised  from  ethyl  acetate, 
from  which  it  separated  in  needles  melting  at  83 — 85° : 

0-1072  gave  0-213G  CO,  and  0-0762  HgO.     0  =  54-3  ;  H  =  7-9. 
CgHj^O^  requires  C  =  55-4  ;  H  =  8-0  per  cent. 
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From  the  ammonium  salt  of  this  acid  the  silver  salt  was  prepared 
and  analysed  : 

0-0896  of  silver  salt  gave  0-0491  Ag.     Ag  =  54-8. 

^8^i2^4^S2  requires  Ag  =  55'6  per  cent. 

These  analytical  figures  render  it  probable  that  this  crystalline 
substance  is  a  dibasic  acid  of  the  formula  CgHj^O^. 

Summari/. 

From  the  results  of  this  investigation  the  essential  oil  of  Hedeoma 
pulegioides  is  seen  to  contain  the  following  substances  : 

1 .  An  undetermined  phenol,  in  very  small  amount. 

2.  /-Pinene       ^ 

3.  /-Limonene  /■  in  small  amount. 

4.  Dipentene    j 

5.  l-Methyl-3-c?/c/ohexanone,  about  8  per  cent. 

6.  Pulegone,  about  30  per  cent. 

7.  /-Menthone      )     i      .  en 

'      , .     ,^      ,         '>  about  50  per  cent. 

8.  d-isoMentho7ie  ) 

9.  A  sesquiterpene  alcohol,  about  2  per  cent. 

10.  An  ester  of  salicylic  acid,  probably  methyl  salicylate. 

11.  Esters  of  formic,  acetic,  octoic,  and  decylic  acids,  together  with 
an  ester  of  a  dibasic  acid  of  the  probable  formaila  CgH^^O^. 

12.  Formic,  butyric,  octoic,  and  decylic  acids  in  the  free  state. 
All  the  above-mentioned  esters  and  acids  are  present  only  in  small 
amount. 

The  author  desires  to  express  his  warmest  thanks  to  Dr.  F.  B. 
Power,  both  for  the  suggestion  of  this  investigation,  and  for  the  kind 
advice  and  assistance  he  has  afforded  throughout  the  course  of  it. 

TuK  Wellcome  Chemical  Research  Laboratories, 
London,  E.G. 


LXXXII. — The  Constitution  of  Homoeriodictyol. — A 
Crystalline  Substance  from  Eriodictyon  Leaves. 

By   Frederick  Belding  Power  and  Frank   Tutin. 

At  the  meeting  of  the  American  Pharmaceutical  Association  held  at 
Indianapolis,  Ind.,  in  September,  1906,  a  paper  was  communicated  by 
the  authors,  entitled   "  Chemical  Examination  of  Eriodictyon  "  (com- 
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pare  Pharm.  J.,  1906,  77,  381,  and  Abstr.,  1006,  90,  ii,  885).  The 
material  used  for  this  investigation  consisted  of  the  leaves  of 
Eriodiclyon  californicurii  (Hooker  and  Arnott),  Greene  (.syn.  J^. 
ylutinosum,  Jjenth.),  which  had  been  specially  collected  for  us  in 
California. 

In  the  above-mentioned  communication  it  was  shown  that  the  leaves 
of  eriodictyon  contain,  besides  a  small  amount  of  essential  oil,  a  con- 
siderable amount  of  glucose,  resins,  and  other  amorphous  substances, 
the  hydrocarbons  ti'iacontane  (m.  p.  65*2°)  and  pentatriacontane  (m.  p, 
7i"5 — 75°),  together  with  formic,  acetic,  butyric,  cerotic,  and  other 
acids,  both  in  the  fi'ee  state  and  as  glycerides,  and  a  very  small  amount 
of  a  phytostorol  (m.  p.  136 — 137°).  lu  addition  to  these,  three  new 
crystalline  substances  of  a  phenolic  nature  were  isolated  and  described, 
namely  : 

1.  A  substance  crystallising  in  fawn-coloured  plates,  melting  at 
267°,  and  possessing  the  formula  Cj^HjgOjj,  which  was  designated 
eriodictyoL 

2.  A  substance  crystallising  in  pale  yellow  plates,  melting  at  223°, 
and  possessing  the  formula  CjjjHj^O^.  As  this  substance  was  apparently 
a  homologue  of  the  preceding  one,  differing  by  the  increment  of  CHg, 
it  was  designated  homoeriodictyol . 

3.  A  very  small  quantity  of  a  substance  crystallising  in  minute, 
bright  yellow  spangles,  and  possessing  the  formula  C^gHjgOg.* 

The  amount  of  this  last-mentioned  substance  present  in  the  leaves 
(0"014  per  cent.)  was  too  small  to  permit  of  its  further  examination, 
and  hence  no  name  was  given  to  it.  Homoeriodictyol  and  eriodictyol, 
however,  which  occur  to  the  extent  of  about  3  and  0*23  per  cent, 
respectively  of  the  weight  of  dried  leaves,  have  now  been  further 
investigated,  and  the  results  obtained  are  embodied  in  the  present 
communication. 

Homoeriodictyol  is  isomeric  with  hesperitin,  and  its  melting  point 
(223°)  is  but  three  degrees  lower  than  that  recorded  for  the  latter 
compound.  It  is  also  similar  to  hesperitin  in  most  of  its  properties, 
and  gives  the  same  reaction  as  the  latter  compound  when  treated  with 
sodium  amalgam  (Beilstein's  Handbuch,  Bd.  III.,  594).  It  was  shown^ 
however,  not  to  be  identical  with  hesperitin  by  the  fact  that  its  sodium 
derivative  possesses  the  normal  formula  C^gHjgO^Na,  whereas  sodium 
hesperitin  has  a  composition  agreeing  with  the  formula 

Ci6H,30,Na,C,eH,,Og 
(Perkin,  Trans.,  1898,  73,    1037).     It  was  therefore  concluded  that 
homoeriodictyol  possessed  a  constitution  analogous  to  that  of  hesperitin 

*  In  Abstr.,  1906,  90,  ii,  885,  the  formula  of  this  substance  is  incorrectly  given  as 
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to  which  Tiemann  and  Will  {Ber.,  1881,  14,  970)  assigned  the  following 
formula  : 

OH 


CHg-o^^     vch:ch-co-o-^    y 

OlT  "~0H 

In  view  of  this  conclusion,  homoeriodictyol  has  been  submitted  to 
the  action  of  aqueous  potassium  hydroxide  under  the  same  conditions 
as  were  employed  by  Tiemann  and  Will  {loc.  cit.)  for  the  hydrolysis  of 
hesperitin,  and  it  has  been  found  that  it  undergoes  hydrolysis  in  a 
manner  analogous  to  that  exhibited  by  the  latter  compound.  The 
products  yielded  by  the  hydrolysis  of  homoeriodictyol  are  phloro- 
glucinol  and  ferulic  acid  (4-hydroxy-3-methoxycinnamic  acid),  whilst 
hesperitin  gives  the  same  phenol  together  with  isoferulic  acid 
(3-hydroxy-4-methoxycinnamic  acid).  On  fusion  with  potash,  homo- 
eriodictyol, like  hesperitin,  readily  gives  protocatechuic  acid.  It  would 
appear  from  these  results  that  homoeriodictyol  differs  from  hesperitin 
only  in  the  position  of  the  methylated  hydroxyl  group  and  that  it 
possesses  a  constitution  represented  by  the  following  formula  : 

_  _^^ 

HO^   ^•oh:oh-co-o-/^   \ 

CHg-O"  T)H 

If  this  were  the  case,  homoeriodictyol  would  contain  three  hydroxyl 
groups  and  should  give  a  triacetyl  derivative.  Acetylhomoeriodictyol 
(m.  p.  154°)  was  therefore  prepared,  but  on  examining  this  compound 
it  was  found  to  contain  four  acetyl  groups.  Homoeriodictyol  cannot 
therefore  be  represented  by  the  above  formula.  The  only  alternative 
is  that  it  possesses  a  ketonic  structure,  analogous  to  that  of  phloretin 
{Ber.,  1895,  28,  1393),  and  consequently   must  possess  the  following 

constitution : 

OH 


HO/     \-ch:ch-co-/     ^oh. 

CHg'O"  OH" 

From  a  consideration  of  these  facts  it  would  appear  that  homo- 
eriodictyol is  not  so  closely  related  to  hesperitin  as  was  at  first 
supposed,  provided  that  the  latter  compound  is  correctly  represented 
by  the  ester  structure  assigned  to  it  by  Tiemann  and  Will.  The  chief 
evidence  in  support  of  this  ester  structure  for  hesperitin  appears  to  be 
that  deduced  by  A.  G.  Perkin  {loc.  cit.),  who  obtained  from  the  latter 
a  triacetyl  derivative.  On  the  other  hand,  if  hesperitin  is  a  true 
ester  it  is  ditficult  to  see  why  it  should  yield  phloroglucinol  and 
isoferulic  acid  when  hydrolysed  by  boiling  with  concentrated  alkalis, 
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and  that  when  heated  with  more  dilute  alkali  only  amorphous  colour- 
ing matters  should  bo  produced  (compare  Tiemami  and  Will,  loc.  cit,, 
p.  953).  It  was,  moreover,  shown  by  Perkin  that  when  acetyl- 
hesperitin  is  hydrolysed  by  means  of  sulphuric  acid  it  gives  a 
quantitative  yield  of  hcsperitin,  none  of  the  latter  undergoing  hydro- 
lysis, and  this  behaviour  would  not  be  expected  were  hesperitin  itself 
an  ester.  In  view  of  these  considerations  it  is  most  probable  that 
hesperitin  also  possesses  the  ketonic  structure,  notwithstanding  the 
fact  that  no  tetra-acetyl  derivative  appears  as  yet  to  have  been 
obtained  from  it.  If  this  should  prove  to  be  the  case,  hesperitin 
would  have  the  following  constitution  : 

_  on 

Cir  •0<^    ^-CHICH-CO-^     ^OH 
OH  OH 

It  will  be  seen  that  this  formula  for  hesperitin  differs  from  that 
assigned  to  homoeriodictyol  only  in  the  position  of  the  methoxy- 
group. 

The  fact  that  the  empirical  formula  of  eriodictyol  (CjjH^gC^o)  differs 
from  that  of  homoeriodictyol  (Cj,;Hj^O,,)  by  the  elements  CH,,  and 
that  these  two  substances  occur  together  in  the  plant,  led  to  the  con- 
clusion that  the  latter  compound  might  be  a  monomethyl  ether  of  the 
former.  This  view  receives  support  from  a  comparison  of  their 
properties  and  also  from  the  fact  that  eriodictyol  contains  no  methoxyl 
group,  whilst  it  has  been  shown  that  homoeriodictyol  contains  one  such 
group. 

By  the  action  of  acetic  anhydride  on  eriodictyol  two  compounds 
have  been  obtained.  One  of  these  melts  at  137°  and  yielded  results 
on  analysis  which  indicate  that  it  contains  either  four  or  five  acetyl 
groups,  whilst  the  other  melts  at  195 — 196°.  The  latter  compound  is 
obtained  by  the  more  prolonged  action  of  the  anhydride,  and  is 
possibly  formed  by  the  elimination  of  a  molecule  of  water  from  the 
acetyl  derivative  melting  at  137°  (compare  Ciamician  and  Silber, -Ber., 
1895,  28,  1395).  The  amount  of  eriodictyol  at  our  disposal  was 
insufficient  to  permit  of  its  constitution  being  definitely  ascertained. 

Since  the  publication  of  abstracts  of  our  paper  {loc.  cit.)  on  the 
*'  Chemical  Examination  of  Eriodictyon "  *  a  communication  by 
Mossier  has  appeared,  entitled  :  "  Ueher  die  chemisclie  Untersuchung 
von  Eriodictyon  glutinosum  "  (Anncden,  1907,  351,  233).  The  author  of 
this  paper  has  isolated  from  eriodictyon  leaves  a  substance  of  the 
formula  C^gHj^O^^  (m.  p.  214 — 215°)  and  proposes  to  designate  it 
"  eriodyctionon."     Tliis  substance  is  evidently  identical  with  the  com- 

*  The  full  paper  will  appear  in  the  Proceedings  of  the  American  Pharmaceutical 
Association,  1906. 
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pound  which  the  present  authors  had  previously  described  and 
designated  homoeriodictyol,  although  it  is  stated  to  have  a  melting 
point  eight  degrees  lower  than  that  of  homoeriodictyol.  The  observa- 
tions of  Mossier  respecting  the  presence  in  homoeriodictyol  of  one 
methoxyl  and  four  hydroxyl  groups  are  in  agreement  with  the  results 
recorded  in  the  present  paper,  but  we  are  unable  to  confirm  his  state- 
ment regarding  the  formation  of  an  oxime  from  homoeriodictyol  and 
its  acetyl  derivative  respectively.  On  treating  acetylhomoeriodictyol 
with  hydroxylamine  or  with  semicarbazide,  hydrolysis  resulted,  the 
product  in  both  cases  being  readily  soluble  in  a  cold  dilute  solution  of 
sodium  carbonate.  Homoeriodictyol,  after  treatment  with  hydroxyl- 
amine, was  recovered  unchanged. 

It  was  finally  stated  by  Mossier  (loc.  cit.,  p.  253)  that  the  results 
obtained  by  him  did  not  permit  of  forming  a  conclusive  opinion 
respecting  the  substance  of  the  composition  CjgHj^Og,  which  he  had 
isolated  from  eriodictyon  leaves. 

Experimental. 

The  method  by  which  eriodictyol  and  homoeriodictyol  were  isolated 
from  the  leaves  of  Eriodictyon  californicum  was  described  in  detail  in 
the  previous  communication  {loc.  cit.),  and  was  briefly  as  follows.  The 
concentrated  alcoholic  extract  of  the  leaves  was  distilled  in  steam  for 
the  removal  of  the  volatile  constituents,  after  which  the  aqueous  liquid 
in  the  distillation  flask  was  separated  from  the  large  cake  of  resins, 
and  extracted  with  ether.  On  shaking  this  ethereal  extract  with  a 
solution  of  sodium  carbonate  an  alkaline  aqueous  liquid  was  obtained, 
which  contained  a  crystalline  precipitate  of  sodium  homoeriodictyol. 
This  substance  was  collected,  purified  by  recrystallisation  from  hot 
water,  decomposed  by  acetic  acid,  and  the  homoeriodictyol  thus  ob- 
tained recrystallised  from  70  per  cent,  acetic  acid.  The  original  filtrate 
from  the  sodium  homoeriodictyol,  when  acidified  and  extracted  with 
ether,  yielded  eriodictyol,  which  was  obtained  pure  by  recrystallisation 
from  alcohol,  and  subsequently  from  70  per  cent,  acetic  acid. 

The  resins  which  remained  in  the  distilling  flask  were  extracted  with 
light  petroleum  and  subsequently  with  ether,  and  on  shaking  the 
ethereal  liquid  thus  obtained  with  a  solution  of  sodium  carbonate  a 
further  and  larger  quantity  of  sodium  homoeriodictyol  separated. 

Homoeriodictyol,  OjgH^^Og,  is  moderately  soluble  in  alcohol  and  in 
acetic  acid,  sparingly  so  in  ethyl  acetate,  and  nearly  insoluble  in 
water  3  it  does  not  dissolve  in  either  chloroform  or  benzene.  When 
crystallised  from  70  per  cent,  acetic  acid  it  is  obtained  in  handsome 
pale  yellow  plates,  which  melt  at  223°,  and  possess  a  slightly  sweetish 
taste.     If  to  a  dilute  alcoholic  solution  of  homoeriodictyol  a  drop  of 
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ferric   clilorido   solution  is  added,  an  intense   reddish -brown  colour  is 
produced. 

An  estimation  of  the  methoxyl  groups  present  in  homoeriodictyol 
by  means  of  Perkin's  modification  of  Zeisel's  method  gave  the  follow, 
ing  result : 

0-2656  gave  0-2032  Agl.     MeO  =  10-l. 

I  Cj^Hj^Or/OMe  requires  MeO=  10-3  per  cent. 

It  is  thus  evident  that  homoeriodictyol  contains  one  methoxyl 
group. 

Hydrolysis    of   Homoeriodictyol.       Formation    of   Phloroglucinol    and 

Ferulic  Acid. 

Six  grams  of  homoeriodictyol  were  dissolved  in  a  solution  of  18 
grams  of  potassium  hydroxide  in  60  c.c.  of  water,  and  the  mixture, 
which  rapidly  became  very  dark  in  colour,  boiled  for  three  hours  in  a 
flask  attached  to  a  reflux  condenser.  The  liquid  was  allowed  to  cool, 
and  then  acidified  with  hydrochloric  acid,  when  a  quantity  of  tarry 
matter  separated.  As  it  was  probable  that  this  precipitate  contained 
unchanged  homoeriodictyol,  an  excess  of  calcium  carbonate  was  added, 
the  mixture  heated  for  half  an  hour,  and  then  filtered.  The  filtrate, 
which  was  very  brown  in  colour,  did  not  become  decolorised  when 
boiled  with  animal  charcoal.  Sodium  carbonate  solution  was  therefore 
gradually  added  to  the  hot  liquid,  when  the  precipitate  of  calcium 
carbonate  which  was  formed  carried  down  with  it  the  gi'eater  part  of 
the  colouring  matter,  and  was  removed  by  filtration.  The  filtrate  was 
concentrated  somewhat  under  diminished  pressure,  then  repeatedly 
extracted  with  ether,  and  the  ethereal  liquid,  after  being  washed  with 
water  and  dried  with  calcium  chloride,  yielded  on  evajioration  a  syrupy 
residue,  which,  on  the  addition  of  a  little  water,  instantly  became 
crystalline.  This  ci-ystalline  substance  possessed  a  strong  vanilla-like 
odour,  and  its  aqueous  solution  gave  a  dark  violet  colour  on  the  addition 
of  a  drop  of  a  solution  of  ferric  chloride.  It  was  recrystallised  from 
water,  when  it  separated  in  plates  which  possessed  a  somewhat  brown 
colour,  and  were  associated  with  a  small  amount  of  a  viscid  substance, 
but  was  obtained  pure  by  crystallisation  from  a  little  anhydrous  ethyl 
acetate.  This  substance,  when  separated  from  its  aqueous  solution, 
evidently  contained  water  of  crystallisation,  but,  when  crystallised  from 
dry  ethyl  acetate,  was  obtained  in  the  anhydrous  state.  When  rapidly 
heated  it  melted  at  about  218°  : 

0-0778  gave  0-1622  COg  and  0-0344  H,0.     C  =  56-9  ;  H  =  4-9. 
C^HgOg  requires  C  =  571  ;  H  =  4-8  per  cent. 

This  product  of  the  hydrolysis  of  homoeriodictyol  was  thus  identified 
as  phloroglucinol,  and  the  viscid  substance  originally  associated  with  it, 
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which  possessed  the  vaniHa-like  odour,  doulitless  contained  vanillin,  as 
this  compound  would  be  produced  by  the  oxidation  of  the  ferulic  acid 
which  was  subsequently  isolated. 

The  aqueous  liquid,  from  which  the  phloroglucinol  had  been  removed 
by  means  of  ether,  was  acidified  with  hydrochloric  acid,  when  an  acid  of 
a  tarry  nature  separated.  This  mixture  was  then  shaken  with  a  con- 
siderable volume  of  ether,  when  a  quantity  of  a  liquid  tarry  substance 
did  not  dissolve,  but  remained  mixed  with  the  ethereal  liquid.  The 
aqueous  liquid  was  therefore  separated,  and  the  ethereal  solution  shaken 
with  animal  charcoal  and  filtered.  On  evaporating  the  filtrate,  a 
crystalline  residue  was  obtained,  which  was  dissolved  in  hot  ethyl 
acetate,  when,  on  cooling,  it  separated  in  almost  colourless  needles 
which  melted  at  170°.  A  dilute  aqueous  solution  of  this  acid  gave  with 
ferric  chloride  a  dark  i"ed  precipitate.  The  acid  was  analysed  with  the 
following  result : 

0-1103  gave  0-2508  CO,  and  0-0517  HoO.     C  =  62-0;  H  =  5-2. 
CjqHjqO^  requires  0  =  61-9;  H  =  5-2  per  cent. 

The  properties  of  this  substance  agree  with  those  of  ferulic  acid 
(4-hydroxy-3-methoxycinnamic  acid),  but  for  the  purpose  of  confirming 
its  identity  with  the  latter  a  portion  of  it  was  methylated  by  means  of 
sodium  and  methyl  iodide,  when  3  :  4-dimethoxycinnamic  acid  (m.  p. 
180°)  and  its  methyl  ester  (m.  p.  64°)  were  obtained. 

Fusion  of  Homoeriodictyol  with  Potassium  Hydroxide. — Two  grams 
of  homoeriodictyol  were  gradually  added  to  a  fused  mixture  of  20 
grams  of  potassium  hydroxide  and  a  little  water,  the  temperature  of 
which  was  about  120°.  A  considerable  amount  of  gas  was  evolved  and 
the  melt  at  first  assumed  a  red  'colour,  but  when  the  temperature 
reached  190°  the  mass  became  colourless  and  tranquil.  It  was  then 
dissolved  in  water,  acidified  with  sulphuric  acid,  and  extracted  with 
ether,  when  an  acid  was  obtained  which  crystallised  from  water  in 
needles  melting  at  192°.  This  substance  was  evidently  protocatechuic 
acid,  as  it  gave  with  ferric  chloride  the  colour  reaction  characteristic  of 
this  compound. 

Tetraacetylhomoeriodictyol,  0-^^-^^^p^{GO'G\i^^. 

Two  grams  of  homoeriodictyol  were  dissolved  in  10  grams  of  acetic 
anhydride  and  1  gram  of  fused  sodium  acetate  added.  After  boiling 
the  mixture  for  four  hours  it  was  shaken  with  water  until  the  gi^eater 
part  of  the  anhydride  was  decomposed.  Ether  was  then  added,  and 
the  mixture  again  shaken  vigorously,  when  the  acetylated  product, 
which  had  not  become  solid,  was  dissolved  by  the  ether,  from  which 
it  separated  almost  immediately  in  a  crystalline  state.  The  crystal- 
line  acetyl   derivative  was  collected  on  a  filter,  washed,  dried,  and 
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recrystalliseJ  from  ethyl  acetate,  when  it  readily  separated  in  slightly 
yellow  needles  which  melted  at  154°.  On  concentrating  the  mother 
liquors  from  this  acetyl  derivative,  a  suljstance  separated  which 
appeared  to  be  not  quite  homogeneous,  but  no  compound  other  than 
the  acetylhomoeriodictyol  melting  at  154°  could  be  isolated,  nor  was 
the  melting  point  of  this  acetyl  derivative  altered  by  further  crystal- 
lisation : 

01 239  gave  0  2794  CO^  and  0-0524  HgO.     0  =  61-5  ;  H  =  4-7. 
Oi(.HjiO^(00-CH3)3  requires  0  =  61-7;  H  =  4-7  per  cent. 
Ci,H,,0e(C0-CH3),        „        0  =  61-3;  H  =  4-7        „ 

The  acetyl  groups  "present  in  acetylhomoeriodictyol  were  estimated 
as  follows.  A  weighed  quantity  of  the  substance  was  hydrolysed  by 
heating  with  a  solution  of  potassium  hydroxide,  after  which  the  liquid 
was  acidified  with  sulphuric  acid,  and  distilled  from  a  double-necked 
flask  until  acid  ceased  to  pass  over : 

03180  gave  an  amount  of  acetic  acid  equivalent  to  0-1072  NaOH. 

0118-00  =  36-2. 
0-2964  gave  an  amount  of  acetic  acid  equivalent  to  0-1016  NaOH. 
CH3-C0  =  36-8. 
C]gHiiOo(00-OH3)3  requires  OH3-OO  =  30-l  per  cent, 
Gi6HioOo(CO-CH3),        „        OH3-00  =  36-6        „ 

In  view  of  the  statement  of  Mossier  {loc.  cit.)  that  acetylhomo- 
eriodictyol affords  an  oxime,  the  following  experiments  were  conducted. 
Half  a  gram  of  acetylhomoeriodictyol  was  dissolved  in  alcohol,  and 
an  aqueous  solution  of  0-5  gram  of  hydroxylamine  hydrochloride  and 
09  gram  of  sodium  acetate  added.  The  mixture,  which  rapidly  became 
bright  yellow,  was  allowed  to  stand  overnight,  when,  on  the  addition 
of  water,  a  yellow,  viscid  product  separated.  This  contained  no 
nitrogen,  and  was  completely  soluble  in  a  dilute  solution  of  sodium 
carbonate.  An  analogous  experiment  was  conducted  with  the  use  of 
semicarbazide  hydrochloride,  and  a  similar  result  was  obtained.  In 
order  to  ascertain  whether  hydroxylamine  would  react  with  homo- 
eriodictyol  itself,  1  gram  of  the  latter  substance  was  dissolved  in 
alcohol  and  a  concentrated  aqueous  solution  of  0-47  gram  of  hydroxyl- 
aminehydrochloride  added.  To  this  a  solution  of  0*15  gram  of  sodium 
in  ethyl  alcohol  was  then  added,  the  mixture  warmed,  and  allowed  to 
stand  overnight,  after  which  it  was  mixed  with  a  large  volume  of 
water.  A  substance  was  thus  precipitated,  which  was  collected  on  a 
filter  and  crystallised  from  ethyl  acetate,  in  which  it  dissolved  only 
sparingly.  It  was  then  found  to  melt  at  223°,  and  evidently  consisted 
of  unchanged  homoeriodictyol. 

Several  experiments  were  made  with  the  object  of  ascertaining 
whether  a  completely  methylated  homoeriodictyol  could  be  obtained, 
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but  it  was  found  that  the  desired  product  was  not  readily  formed.  A 
monomelhylhomoeriodiclyol  was,  however,  pre2:)ared  in  the  following 
manner.  A  quantity  of  sodium  homoeriodictyol  was  heated  in  a  water- 
bath  with  an  excess  of  methyl  alcohol  and  methyl  iodide,  when  the 
solid  gradually  passed  into  solution.  After  the  heating  had  been 
continued  for  about  three  hours,  water  was  added  to  the  mixture, 
when  a  yellow  substance  was  precipitated.  This  substance  would  not 
crystallise  from  anhydrous  solvents,  but  when  dissolved  in  a  mixture 
of  ether  and  90  per  cent,  alcohol,  and  the  solution  allowed  to  evaporate 
spontaneously,  it  separated  in  aggregates  of  pale  yellow  leaflets  which 
melted  at  about  80°.  As  thus  obtained  it  evidently  contained  water 
of  crystallisation,  for,  when  heated  at  100°,  the  fused  substance 
gradually  solidified,  and  was  then  found  to  melt  at  138 — 139°  : 

0-1146,  on  heating  at  105°,  lost  0-0062  HgO.     Hp  =  5-4. 

0-1084,  dried  at  105°,  gave  0-2569  GO,  and  00503  HgO.     C  =  64-6  ; 
H  =  5-2. 

Cj^^Hj^OgjUgO  requires  H20  =  5-4  per  cent. 
CjkHjqO^j  requires  C  =  64-6  ;  H  — 6-1         „ 

Eriodictyol,  CjgHjgOg. 

Eriodictyol  crystallises  in  fawn-coloured  plates  which  melt  at  267°. 
It  is  moderately  soluble  in  hot  alcohol  and  in  acetic  acid,  very  sparingly 
so  in  boiling  water,  and  insoluble,  or  very  sparingly  soluble,  in 
the  other  usual  organic  solvents.  The  fixed  alkalis  and  alkaline 
carbonates  readily  dissolve  it,  yielding  at  first  almost  colourless  solutions, 
which,  however,  rapidly  absorb  oxygen  and  assume  a  deep  brown  colour. 
It  was  ascertained,  by  means  of  Perkin's  modification  of  Zeisel's 
method,  that  eriodictyol  contains  no  methoxyl  group. 

Action  of  Acetic  Anhydride  on  Eriodictyol. — A  small  quantity  of 
eriodictyol  was  dissolved  in  a  large  excess  of  hot  acetic  anhydride  and 
the  mixture  boiled  for  six  hours.  The  gi-eater  part  of  the  anhydride 
was  then  removed  by  distillation  and  a  small  quantity  of  alcohol 
added,  when,  after  standing  for  some  time,  a  solid  substance  separated. 
This  was  collected,  and  crystallised  from  ethyl  acetate,  when  it  was 
obtained  in  small  tufts  of  minute,  nearly  colourless  needles  which 
melted  at  195 — 196°.  In  another  experiment  1  gram  of  eriodictyol 
was  boiled  for  two  hours  with  ten  times  its  weight  of  acetic  anhydride 
and  1  gram  of  anhydrous  sodium  acetate,  at  the  end  of  which  time 
water  was  added  and  the  mixture  shaken  until  the  anhydride  was 
decomposed.  The  product,  which  had  not  solidified,  was  then  extracted 
with  ether,  the  ethereal  liquid  being  washed  with  a  solution  of 
sodium  carbonate  and  subsequently  with  water.  On  removing  the 
greater  portion  of  the  ether,  a  solid  substance  separated  in  the  form  of 
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almost  colourless  prisms.  This  substance  was  collected  on  a  filter  and 
recrystallised  from  ethyl  acetate,  when  it  was  observed  to  be  not 
quite  homogeneous.  After  two  recrystallisations,  however,  it  was 
obtained  pure,  and  was  then  found  to  melt  at  137°: 

0-0970  gave  0-2146  CO^  and  00405  HgO.     C  =  60-3  ;  H  =  4-6. 
Oi5HsOg(CO-CH3).,  requires  C  =  60-5;  H  =  4-4  per  cent. 
C,,11,0^{C0'GR,),        „       C  =  60-2  ;H  =  4-4        „ 

The  mother  liquors  from  this  acetyl  derivative  yielded  a  small 
quantity  of  a  substance  which  crystallised  in  tufts  of  white  needles 
melting  at  195 — 196'',  and  was  identical  with  the  compound  melting 
at  this  temperature  which  had  previo'asly  been  obtained  by  the  more 
prolonged  action  of  acetic  anhydride  on  eriodictyol.  The  amount  of 
eriodictyol  available  did  not  permit  of  the  further  examination  of 
these  acetyl  derivatives. 

The  Wellcomk  Chemical  Reseaikjh  Laboratories, 
LoNDox,  E.G. 


LXXXIII. — Contributions  to  the  Chemistry  of  Oxygen 
Compoimds.  II.  The  Compounds  of  Cincol, 
Diphenylsulphoxide,  Nitroso-derivatives,  and  the 
Carhamidcs  ivith  Acids  and  Salts. 

By  Robert  Howson  Pickard  and  Joseph  Kenyon. 

In  Part  I  (Trans.,  1906,  89,  262)  we  have  shown  that  the  various 
tri-alkyl  phosphine  oxides  form  compounds  with  acids  and  with  metallic 
salts  and  can  replace  the  ether  in  a  "  Giignard  "  reagent. 

A  variation  in  character  of  the  substituent  E,  in  R3PO  has  little  or 
no  effect  on  the  capacity  of  these  oxides  to  form  so-called  molecular 
compounds.  In  order  to  throw  some  light  on  the  influence  (if  any)  of  the 
phosphorus  atom  on  the  formation  of  these  compounds  we  have 
investigated  the  capacity  of  numerous  other  substances  to  combine 
with  acids  and  metallic  salts. 

Cineol  is  a  compound  which  possesses  in  a  marked  degree  the 
property  of  forming  such  compounds.  Baeyer  and  Villiger  (5er.,  1902, 
35,  1210)  have  shown  that  it  will  combine  Avith  acids  and  phenols,  and 
we  have  found  that  it  combines  equally  readily  with  metallic  salts  and 
organo-magnesium  halides.  No  regularity  is  observable  in  the 
proportion  of  cineol  present  in  these ;  thus  in  its  compounds  with 
a-  and  /5-naphthol  and    pyi^ogallol    the    constituents    ai'e    present    in 
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molecular  proportions,  but  one  molecule  of  cadmium  or  zinc  iodide, 
resorcinol,  magnesium  ethyl  iodide,  or  of  ferro-  or  ferri-cyanic  acid 
combines  with  two  molecules,  whilst  one  molecule  of  cobalticyanic  acid 
combines  with  three  molecules  of  cineol.  These  compounds  of  cineol 
are  in  general  decomposed  by  solvents  or  in  a  vacuum  and  have  there- 
foi^e  little  in  common  with  the  additive  compounds  of  the  phosphine 
oxides,  some  of  which  can  be  recrystallised  from  water  (Part  I,  loc.  clt.). 
This  may  be  partly  due  to  the  volatility  of  cineol,  but  seems  to  indicate 
an  influence  of  the  phosphorus  atom  on  the  capacity  of  the  oxygen 
atom  in  the  oxides  to  form  additive  compounds.  As  is  only  to  be 
expected  from  its  similarity  in  constitution  to  cineol,  cineolic  acid  also 
possesses  the  power  of  forming  compounds  with  acids,  although  these 
are  not  formed  with  the  same  readiness.  We  find  that  diphenyl- 
sulphoxide,  (CgH5)2SO,  combines  with  metallic  salts  and  acids,  whereas 
no  such  compounds  of  diphenylsulphone,  (CgHg)oS02,  have  been  obtained, 
and  its  solubility  in  alcohol  containing  hydrochloric  acid  is  the  same  as 
in  absolute  alcohol.  In  our  investigation  of  the  power  of  various 
substances  containing  oxygen  to  form  these  additive  compounds,  we 
have,  after  failure  to  obtain  such  by  the  ordinary  methods,  as  a  further 
test  determined  the  solubility  of  the  substance  in  (i)  absolute  alcohol, 
and  (ii)  the  same  solvent  after  passing  in  hydrogen  chloride.  In  the 
cases  where  the  solubility  was  the  same  we  have  assumed  that  the 
substance  under  examination  does  not  form  additive  compounds.  This 
assumption  seems  justifiable,  since  those  substances  which  have  yielded 
compounds  with  acids  have  not  the  same  solubility  in  alcoholic  hydro-' 
chloric  acid  as  in  alcohol,  and,  in  general,  substances  which  form 
additive  compounds  with  acids  also  form  them  with  metallic  salts. 
Since  diphenylsulphoxide  *  forms  these  compounds  and  the  correspond- 
ing sulphone  does  not,  it  is  probable  that  in  the  sulphone  the  oxygen 
and  sulphur  atoms  are  united  in  a  ring  in  such  a  manner  that  any 

residual  valencies  of  the  same  are  mutually  satisfied  thus,  Il2*S\- 

or  less  likely  R2*^C  '  (^^ere  the  dots  represent  subsidiary  valencies). 

This  view  is  supported  by  the  properties  of  such  compounds  as  benzene- 
Sulpho-;>toluidide  and  benzenesulphonamide,  which  do  not  form  these 

additive  compounds.     Were  the  formula  for  a  sulphone  R^'^'^j'  ^^  ^^ 

not  clear  why  there  should  be  this  difference  in  the  behaviour  of  a 
aulphoxide  R2!S;0,  if  the  slight  basic  properties  of  the  latter  are  due 
to  the  oxygen  atom.      Similarly,  the  formulae  of  nitrobenzene   and 

*  An  additive  compound  of  dibenzylsulphoxide  with  hydrochloric  acid  has  been 
recently  described  by  Herrmann  {Ber.,  1906,  39,  3815). 

VOL.   XCI  3   0 
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/Q 
azoxybenzene  can  be  written  CgTTj'Nx  ••.  I   and  CgH^'N — N'CgHg  and 

6 

the  non-formation  of  molecular  compounds  by  these  ascribed  to  the 
internal  saturation  of  any  residual  or  subsidiary  valencies  in  the 
molecule. 

We  havo  been  unable  to  prepare  any  additive  product  of  a  nitroso- 
compound  with  an  acid,  owing  probably  to  the  instability  of  this  class 
of  substances  in  the  presence  of  acids,  but  have  found  that  niti'oso- 
benzene  forms  a  stable  compound  with  Cadmium  iodide  of  the 
formula  (CyHg'NO)5*Cdl2.  It  is  therefore  probable  that  the  bimolecular 
variety  of  so  many  of  these  nitroso-compounds  should  be  formulated, 

R'N!0—0!N'R,  rather  than,  R'N<^.^^N'R,  as  mere  solution  of  the 

colourless  bimolecular  variety  yields  the  uuimolecular  form. 

It  may  lie  pointed  out  that  the  green  or  dark  blue  substances  of  the 

type   of    nitrosodimothylaniline   (or   /j-nitrosoaniline),  which    is   best 

I  ^1 

formulated  O-NICgH^INMeo  (see  O.  Fischer  and  Hepp,  Ber.,  1887,  29, 

1252),  give  with  acids  yellow  compounds  of  the  nature  of  salts, 
whilst  the  additive  compounds  with  metallic  salts  are  all  blue  or  blue- 
green.  It  is  probable  that  the  former  class  of  these  substances  are  of 
the  general  type,  HO'NIC^H^INMe.^X,  in  which  the  nitrosoamine 
behaves  as  a  mono-acid  base,  whilst  the  latter  owe  their  formation  to 
the  subsidiary  valencies  of  the  oxygen  atom.  The  platinichloride  of 
"^>-nitrosodimethylaniline"  must  be  excepted  from  this  statement, 
and  several  other  examples  of  additive  compounds  containing  hydrogen 
platinichloride,  which  are  anomalous  in  constitution  have  been  obtained. 
Several  of  such  have  been  summarised  by  Morgan  and  Micklethwait 
(Trans.,  1906,  89,  868),  and,  with  other  compounds  described  in  our 
communications,  cannot  be  formulated  on  the  simple  oxonium  type. 

These  results  naturally  led  to  the  question  as  to  whether  the  salts 
and  molecular  compounds  formed  by  amides  ai'e  due  to  the  further 
combining  power  of  the  nitrogen  or  of  the  oxygen  atoms. 

It  has  already  been  suggested  by  Werner  [Annalen,  1902,  322,  296) 
that  the  salts  of  carbamides  owe  their  existence  rather  to  the 
subsidiary  valency  of  the  oxygen  atom  of  the  ICIO-  gi'oup  than  to 
that  of  the  two  nitrogen  atoms,  since,  for  example,  a  dinitrate  of 
carbamide  might  be  expected  to  exist,  whereas  only  a  mononitrate  is 
known. 

An  examination  of  the  literature  shows  that  this  is  very  probable, 
since  the  molecular  proportion  of  carbamide  in  its  additive  compounds 
with  acids  (and  metallic  salts)  is  very  variable  and  not  compatible 
with  the  usually  regular  increase  of  the  valency  of  one  or  both  of  the 
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blfcrogen  atoms  from  three  to  five.  Our  investigation  of  the  aryl- 
substituted  carbamides  affords  some  further  evidence.  Contrary  to 
the  statements  in  most  text-books,  mono-aryl  carbamides  do  form 
compounds  with  acids,  which  exhibit  much  variation  in  stability, 
whilst  di-  and  totra-aryl  carbamides  are  more  soluble  in  alcoholic 
hydrochloric  acid  than  in  alcohol,  form  additive  compounds  with 
metallic  salts,  and  in  common  with  all  carbamides  form  additive 
compounds  with  organo-magnesium  halides,  which  ai'e  decomposed  by 
water  with  the  liberation  of  the  carbamide. 

Further,  compounds  of  acetaailide  with  hydrochloric  acid  have  long 
been  known,  whilst  the  solubility  of  benzanilide  in  alcoholic  hydro- 
chloric acid  is  greater  than  in  alcohol.  It  has  already  been  mentioned 
that  the  amides  of  aryl-sulphonic  acids  do  not  form  additive 
compounds,  and  it  is  well  known  that  a  hydrogen  atom  of  the  NH.^ 
group  in  these  is  readily  replaceable  by  an  electropositive  atom. 

The  formation  of  salts  and  additive  compounds  of  carbamides  may 
therefore  be  regarded  as  due  to  the  residual  or  subsidiary  valency  of 
the  oxygen  atom.  The  i-elative  stability  of  compounds,  as,  for  example, 
carbamide  hydrogen  nitrate,  or  trimethylphosphine  oxide  hydrogen 
dichromate  (Part  I,  loc.  cit.),  compared  with  that  of  the  additive  com- 
pounds of  cineol,  can  be  regarded  as  due  to  the  infl.uen.ce  of  the 
nitrogen  or  phosphorus  atom  on  the  subsidiary  valency  of  the  oxygen 
atom. 

Reaction  of  Cineol  tvith  Organo-magnesiuin  Halides. 

When  cineol  is  added  to  an  ethereal  solution  of  an  organo-magnesium 
halide,  a  yellowish-white  precipitate  is  formed.  If  this  is  decomposed 
by  dilute  acids  in  the  usual  manner,  cineol  is  almost  quantitatively 
regenerated.  If,  however,  the  precipitate  is  heated  for  some  time  at 
about  170 — 190°,  a  saturated  hydrocarbon  is  evolved,  and  the  powder 
remaining,  when  decomposed  with  dilute  acids,  yields  terpineol 
[A^-/)-menthenol(8)].  The  reaction,  which  is  a  very  violent  one,  can  be 
represented  as  follows  : 

/O— CMe2\ 
CMe^CHg-CHg^CH  +  CHg-IMgl  =  CH^  -|- 
NCH.-CHg/ 

CMe<^g~^g2>cH-CMe2-OMgI. 

The  action  of  cineol  on  a  Grignard  reagent  is  therefore  the  replace- 
ment of  the  ether  with  the  formation  of  an  oxygen  additive  compound 
of  cineol  with  the  alkyl  magnesium  halide.  This  additive  compound, 
when  heated,  undergoes  intramolecular  change  with  the  formation  in 
the  first  place  of  derivatives  of  terpineol,  which,  if  the  heating  is  not 
kept  under  control,  polymerise  to  hydrocarbons  containing  twenty  or 

3  o  2 
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more  carbon  atoms.  A  similar  series  of  I'eactions  takes  place  if  a 
mixture  of  cineol,  ethyl  iodide,  benzene,  and  magnesium  is  warmed  on 
a  water-bath,  whilst  the  same  mixture,  without  the  benzene,  reacts 
with  explosive  violence  when  heated  on  a  sand-bath,  but  under  these 
conditions  very  little,  if  any,  terpineol  is  formed,  the  main  product 
being  p-cymene.  It  is  noteworthy,  however,  that  with  or  without  the 
benzene  an  additive  compound  is  formed,  and  if  the  mixture  is  not 
allowed  to  get  warm,  this  regenerates  cineol  on  treatment  with  cold 
dilute  acids.  In  no  instance  was  the  formation  of  any  terpin  hydrate 
observed. 

Since  most  compounds  of  the  character  of  anhydrides  form  additive 
compounds  with  magnesium  alkyl  halides,  this  type  of  reaction  may 
prove  of  service  with  substances,  which  like  cineol  are  not  easily 
hydrolysed. 

Experimental. 

The  additive  compounds  of  cineol  with  the  two  naphthols,  briefly 
described  by  Henning  (D.R.-P.  1897, 100551),  were  analysed  and  each 
found  to  contain  molecular  proportions  of  the  two  constituents.  The 
compound  with  a-naphthol  melted  at  78°,  and  when  distilled  in  steam 
in  the  presence  of  sodium  hydroxide  left  behind  47*7  per  cent,  of 
naphthol.  (Theoretical  for  molecular  proportions  =48'3  per  cent.) 
The  compound  with  ^-naphthol  melted  sharply  at  50°,  and  gave  47 '9 
per  cent,  of  /3-naphthol. 

Cineol  hydrogen  cobalticyanide,  described  but  not  analysed  by 
Baeyer  and  Villiger  (loc.  cit.),  gave  on  titration  H3Co(CN)g  =  32"7, 
and  was  unaltered  at  the  end  of  three  days  after  remaining  in  a 
vacuum. 

(CioHi80)3-H3Co(CN)6  requires  H3Co(CN)e  =  32-3  per  cent. 

Cineol  zinc  iodide  *  is  slowly  deposited  in  the  form  of  small,  colourless 
prisms  from  an  alcoholic  solution  of  zinc  iodide  containing  cineol. 
These  become  pasty  when  heated  at  75 — 80°,  and  melt  at  130 — 131°, 
giving  two  layers.  The  compound,  which  is  not  deliquescent,  is 
decomposed  by  hot  water,  and  slowly  loses  its  cineol  when  heated  at 
100 — 105°,  leaving  50"6  per  cent,  of  zinc  iodide. 

(CjQHj80)2*Znl2  requires  Znl2  =  50'7  per  cent. 

Cineol  cadmium  iodide  is  very  similar  to  the  zinc  iodide.  It  forms 
large,  colourless  cubes,  has  no  definite  melting  point,  and  is  stable  in 
air  at  the  ordinary  temperature.     Analysis  gave  Cdl2  =  54"3. 

(CjQHj80)2'CdIo  requires  Cdl2  =  54"2  per  cent. 

Cineolic  acid  forms  a  compound  with  hydrogen  cobalticyanide,  which 

*  As  a  Telle,  substances  contaiuiug  oxygen  form  additive  compounds  more  readily 
with  metallic  salts,  which  are  only  slightly  ionised. 
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separates  in  pale  yellow  crystals  from  alcohol,  and  does  not  melt  below 
285°.     Analysis  gave  N  =  10-2. 

(OioHig05)3'H3Co(CN)g  requires  N  =  9-7  per  cent. 

Compounds  with  Diphenylsulphoxide. 

D {phenyl sulplioxide  cadmium  iodide  crystallises  from  a  concentrated 
alcoholic  solution  of  the  two  components  in  hard,  irregular  nodules. 
It  can  be  recrystallised  from  dilute  alcohol  and  melts  at  136°. 
Analysis  gave  Cd=  1 4*6  ;  I  =  33 "4. 

{(CgH5)2SO}2-Cdr2  requires  Cd=  14-5  ;  1  =  33-1  per  cent. 

Diphenylsulphoxide  hydrogen  platinichloride  is  obtained  in  a  similar 
manner,  and  forms  hard,  irregular  crystals,  which  melt  at  128°. 
Analysis  gave  Pt  =  13-5;  H2PfcCl(5  =  28-5  ;  C  =  50-8;  H  =  4-4. 

{(06H5)2SO;5-H2PtCl6  requires  Pt  =  13-6;  H2PtCl^=  28-8  ;  0  =  50-8; 
11  =  3-7  per  cent. 

Diiihenylsnlphoxlde  hydrogen  aurichloride  separates  from  an  alcoholic 
solution  of  the  two  components  in  orange-yellow  prisms,  which  melt  at 
117 — 118°.  Analysis  of  a  specimen  recrystallised  from  9G  per  cent. 
alcohol  gave  Au  =  26-5. 

{(CgH^)2SO]2*HAuCl4  requires  Au  =  26*4  per  cent. 

Diphenylsulphoxide  hydrogen  ferrocyanide  separates  from  an  alcoholic 
solution  of  the  two  components  in  white  or  very  pale  green  crystal- 
line plates,  which  slowly  turn  blue  on  heating,  and  have  no  definite 
melting  point.     Analysis  gave  H4Fe(CN)Q  =  34-5. 

{(CgH5)2SO}2-H4Fe(CN)g  requires  H4re(ON)g  =  34-8  per  cent. 

Compound  of  Nitrosohenzene  with  Cadmium  Iodide. 

The  green  alcoholic  solution  of  nitrosohenzene,  when  mixed  with  an 
alcoholic  solution  of  cadmium  iodide,  slowly  deposits  very  small,  white 
crystals.  These  melt  at  114°,  are  slowly  decomposed  by  cold,  more 
quickly  by  hot,  water,  and  give  a  green  solution  in  alcohol,  from  which 
the  compound  can  be  repeatedly  recrystallised  without  alteration.  A 
product,  which  had  been  recrystallised  five  times  from  alcohol  without 
undergoing  change,  on  analysis  gave  Cd  =  15-0  ;  Cdl2  =  49-4. 

(C6H5-NO)5-Cdl2  requires  Cd  =  15-1  ;  Cdl2  =  49-4  per  cent. 

Com2)Ounds  of  ^- Nitrosodimethylaniline. 

The  compounds  of  nitrosodimethylaniline  with  acids  which  are 
described  in  the  literature  (see  Bdilstein,  3te  Auf.  IE.  329)  are  all 
yellow  or  yellowish-red.     We  have  in  addition  prepared  the  following 
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salts,  which  are  all  yellow,  crystalline  substances ;  the  iric/doroacetale, 
HO-N:C,;H^:NMe2-CO-CCl3,  which  melts  at  103'^;  the  2ncr ale, 

HO-N:C,H4:NMe2-0-C,H.,(N02)3, 
which  (lecomjioses  at  140°;  the  cohalticyanide,* 

{ON-Oon4-NMe2}3-H3Co(CN)c, 
which  decomposes  at  about  185°,  and  the  platimchloride* 

{ON-C6H,-NMe2}3-H2PtCle, 
which  decomposes  violently  at  183°  and  is  anomalous  in  constitution, 

-p-Nitrosodimethylaniline  zinc  chloride,  which  is  to  be  regarded  as 
an  oxygen  additive  compound,  crystallises  from  an  alcoholic  solution  of 
the  components  in  steel-blue  plates  with  a  metallic  lustre.  These  yield 
a  carmine-red  powder,  which  melts  and  decomposes  at  176°.  Analysis 
gave  N  =  13-2. 

{N(CH3)2:C6H4:NO}2-ZnCl2  requires  N=12-9  per  cent. 

Additive  Compounds  of  Carbamides. 

Carbamide  hydrogen  platinichloi'ide  (compare  Heintz,  Annalen,  1879, 
198,  91),  obtained  from  an  alcoholic  solution  of  the  components,  crystal- 
lises from  dilute  hydrochloric  acid  in  red,  prismatic  rhombs  and  melts 
at  119—120°.     Analysis  gave  Pt  =  30-0. 

{CO(NH2)o}4-H2PtCl6  requires  Pt  =  29-8  per  cent. 

Phenylcarbamide  hydrogen  chloride  crystallises  from  a  solution  of 
the  carbamide  in  alcoholic  hydrochloric  acid  in  white,  pearly  leaflets. 
It  melts  and  evolves  gas  at  114 — 116°,  is  fairly  stable  in  dry  air, 
but  slowly  evolves  hydrogen  chloride  in  moist  air,  being  readily  decom- 
posed by  water.  Analysis  of  different  specimens  gave  HC1  =  208  and 
21-0. 

CeHg-NH'CO-NHg-HCl  requires  HCl  =  21-2  per  cent. 

Phenylcarbamide  hydrogen  nitrate  is  obtained  when  a  solution  of 
the  carbamide  in  warm  concentrated  nitric  acid  is  allowed  to  cool.  It 
separates  in  colourless  leaflets,  which  melt  and  decompose  at  134 — 135°. 
It  is  fairly  stable  in  dry  air  and  is  decomposed  by  water,  yielding  the 
carbamide.     Titration  gave  HN03  =  31"5. 

CsHg-NH-OO-NHg-HNOg  requires  HN03  =  31-7  per  cent. 

Phenylcarbamide  hydrogen  aurichloride  separates  from  an  alcoholic 
solution  of  the  components  containing  hydrochloric  acid,  in  chocolate- 
red,  prismatic  needles,  which  melt  at  147°  and  are  decomposed  by 
water.     Analysis  gave  Au  =  321. 

{C^Hg-NH-CO-NHola'HAuCI^  requires  Au  =  32-1  per  cent. 

Phenylcarbamide  hydrogen  pi^atinichloride  is  obtained  in  an 
analogous  manner  to  the  aurichloride,  and  forms  pale  orange-coloured 

*  To  save  space,  these  are  not  printed  in  the  quiuonoiJ  form. 
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crystals,    which  begin    to  darken  at  about  165'^    and   decompose    at 
173—175°.     Analysis  gave  Pt  -  23-0. 

{CfiHs'NH-CO-NHJj-HaPtClg  requires  Pfc  =  23'7  per  cent. 

o-Tolylcarhaniide  hydrogen  irichloroacetate. — o-Tolylcarbamide  dis- 
solves in  fused  trichloroacetic  acid  and,  on  cooling,  the  additive  com- 
pound crystallises  out.  The  product,  after  draining  on  a  porous  tile, 
has  usually  a  green  tinge,  is  decomposed  by  solvents,  and  melts  at 
94—98°.     Titration  gave  CClg-COgH  =  525. 

CHg-CgH^-ISrH-CO-NHg-CCla-COaH  requires  CCl3'C03H=^52-2  per 
cent. 

P-Naphthylearhamide  hydrogen  chloride  crystallises  from  alcohol 
containing  hydrochloric  acid  in  very  lustrous,  white  leaflets,  which  melt 
and  decompose  at  154°,  are  decomposed  by  moisture,  but  are  fairly 
stable  in  dry  air.     Analysis  gave  HC1  =  15'9. 

CjoH^-NH-CO-NHg-HCl  requires  HCl  =  15-7  per  cent. 

Tetraphenylcarhamide  ferric  chloride  separates  from  anhydrous 
alcoholic  solutions  of  the  components  in  large,  hexagonal  tablets  (often 
3  mm.  across)  which  melt  at  54 — 55°.     Analysis  gave  Fe  =  6"3. 

{[(CeH5)2N]2CO}2-FeCl3  requires  Fe  =  6-3  per  cent. 

Carbamides  in  general  and  substituted  oxamides  are  only  slightly 
soluble  in  anhydrous  ether.  These  dilute  solutions,  however,  when 
mixed  with  a  Grignard  reagent,  form  white  precipitates  which  are 
difficult  to  analyse  on  account  of  their  hygroscopic  nature.  When 
treated  with  dilute  acids  they  yield  the  original  amide,  and  can  there- 
fore be  regarded  as  compounds  analogous  to  Grignard  reagents  in 
which  the  ether  is  replaced  by  the  amide,  the  formation  of  each  being 
due  to  the  subsidiary  valencies  of  the  oxygen  atom  in  the  ether  or 
amide  respectively. 

Relative  Soluhility  of  Various  Substances  in  Absolute  Ethyl  Alcohol  and 
in  a  Solution  of  Hydrogen  Chloride  in  Absolute  Ethyl  Alcohol. 

Saturated  solutions  of  the  substances  were  made  at  about  35°  in 
the  two  solvents,  and  these  were  allowed  to  attain  the  temperature 
of  the  room,  when  5  c.c.  of  the  clear  supernatant  solution  were  drawn 
ofE  into  tared  flasks  and  the  solvents  evaporated.  In  each  case  the 
melting  point  of  the  recovered  substance  was  determined  to  prove  that 
no  alteration  had  taken  place.  The  following  dissolve  to  approxi- 
mately the  same  extent  in  both  solvents  :  diphenylsulphone,  benzene- 
sulphonamide,  benzenesulpho-;j-toluidide,  ?n-dinitrobenzene,  and  azoxy- 
benzene.  The  followicg  are  more  soluble  in  alcoholic  hydrochloric  acid  : 
diphenylsulphoxide,    benzanilide    (about   four   times),    diphenylcarb- 
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amide  (about  seven  times),  tetraphenylcarbamide  (about  throe  times), 
oxanilide  (about  three  times). 

Cineol  and  Alhjl  Magnesium  I/alides. 

On  the  addition  of  a  dry  ethereal  solution  of  cineol  to  one  of 
magnesium  ethyl  iodide  a  yellowish- white  precipitate  separates.  On 
analysis  this  gave  Mg  =  5"2. 

(CioHjgO)./EtMgI  requires  Mg  =  4-9  per  cent. 

The  compound  is  very  hygroscopic,  decomposing  with  the  formation 
of  cineol.  If  the  conditions  are  reversed,  the  Grignard  reagent  in 
excess  being  poured  into  the  solution  of  cineol,  no  precipitate  is 
formed,  and  after  distilling  off  the  ether  a  viscous  oil  remains.  When 
this  oil  is  heated  in  the  oil-bath  at  170 — 190°  for  some  hours,  it 
slowly  changes  into  a  hard,  dry  mass,  and  at  the  same  time  evolves  an 
inflammable  and  saturated  gas  (ethane),  which  is  not  condensed  at 
the  temperature  of  a  mixture  of  ice  and  salt.  It  is  necessary  that  the 
temperature  should  be  allowed  to  rise  very  slowly,  as  otherwise  below 
190°  the  explosive  reaction,  which  usually  sets  in  at  about  195°  may 
be  started,  when  much  iodine  is  liberated  and  a  little  ^>cymene  with  a 
quantity  of  highly  polymerised  products  is  obtained.  The  powdered 
mass  reacts  vigorously  with  dilute  sulphuric  acid  cooled  to  below  0°, 
and  leaves  a  pale  yellow  oil  which  can  be  separated  into  two  portions 
by  distillation  with  steam.  The  volatile  portion  after  extraction  with 
ether  can  be  fractionated  under  reduced  pressure,  and  yields  terpineol 
with  traces  of  unchanged  cineol.  A  similar  result  is  obtained,  if  the 
additive  compound  described  above  is  heated  alone,  except  that  much 
cineol  remains  unchanged.  The  identity  of  the  product  with  A^-p- 
menthenol-(8)  was  proved  by  its  boiling  point,  107°/18  mm.  and  melting 
point,  35°,  and  by  the  preparation  and  analysis  of  the  following  deriv- 
atives :  the  phenylcarbamide  (m.  p.  110°),  the  nitrosochloride  (m.  p. 
120°),  the  nitrolanilide  (m.  p.  151°),  the  nitrolpiperidide  (m.  p.  160°), 
and  terpin  hydrate.  The  heating  of  the  oil  in  this  way  is  conveniently 
carried  out  in  60  gram  lots  in  Winchester  quart  bottles  immersed  in 
oil-baths.  The  operation  requires  careful  watching,  as  the  material 
froths  when  the  excess  of  the  Grignard  reagent  decomposes  at  about 
140°.  The  best  yields  were  obtained  when  2 J  molecular  proportions 
of  magnesium  ethyl  iodide  and  1  of  cineol  were  employed.  Three 
operations  (60  grams  each),  carried  out  simultaneously,  gave  75  grams 
of  pure  terpineol,  which  when  cooled  and  seeded  solidified  completely. 

Magnesium  methyl  iodide  or  magnesium  ethyl  bromide  can  be 
jised  with  equally  good  results.  Small  quantities  of  dipentene  are 
also  formed,  but  in  successful  operations  the  amount  is  less  than  1  per 
cent.      That  portion  of  the  products  not  volatile    with   steam   was 
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fractionated.  The  lower  fraction,  b.  p.  191°/18  mm.,  was  an  oil, 
which  gave  on  analysis  C  =  88'3  ;  H  =  12'2,  and  molecular  weight  by 
cryoscopic  method  =272. 

C^oHgj  requires  C  =  88-3  ;  H  =  ll-8>er  cent.,  and  M.W.  =272. 

The  oil  is  therefore  a  diterpene.  The  higher  fraction,  b.  p.  about 
240°/ 18  mm.,  was  deep  yellow,  and  was  not  further  investigated. 

Municipal  Technical  School, 
Blackburn. 


LXXXIV. — Freezing     Point    Curves     of    the    Mentliyl 

Man  delates. 

By  Alexander  Findlay  and  Evelyn  Marion  Hickmans. 

On  determining  the  freezing  points  of  mixtures  of  two  substances 
miscible  with  each  other  in  the  liquid,  but  not  in  the  solid  state,  two 
types  of  curves  are  obtained,  according  as  the  two  components  yield  or 
do  not  yield  a  compound  or  compounds  which  are  stable  in  contact 
with  the  fused  mass.  In  the  latter  case  the  freezing  point  curve  will 
consist  of  two  branches  meeting  in  an  eutectic  point ;  in  the  former 
case,  there  will  be  one  or  more  intermediate  curves,  according  to  the 
number  of  stable  compounds  formed. 

The  same  method  of  investigation  can  be  applied  in  the  case  of 
optically  active  substances  in  order  to  decide  whether  a  resolvable 
inactive  body  is  a  mixture  of  the  two  oppositely  active  constituents 
(a  (/^-mixture),  or  a  racemic  compound  (H.  W.  B.  Eoozeboom,  Zeitsch. 
physikal.  Chem.,  1899,  28,  494).  In  the  case  of  such  substances,  the 
freezing  point  curve  must  be  symmetrical  about  a  line  representing  a 
mixture  of  50  per  cent,  of  either  of  the  constituents,  but  this 
symmetry  will  again  disappear  in  the  case  of  partially  racemic 
substances,  for  in  such  cases  the  melting  points  of  the  constituents  are 
no  longer  the  same.  As  no  freezing  point  curves  of  partially  racemic 
substances  had  been  determined,  we  have  sought  to  fill  up  the  gap  by 
a  study  of  the  freezing  point  curves  of  the  ^menthyl  esters  of  d-  and 
^-mandelic  acid. 

It  has  already  been  shown  by  J.  H.  Adriani  {Zeitsch.  2>hysikal. 
Chem.,  1900,  33,  453)  that  inactive  mandelic  acid  exists,  at  the 
temperature  of  its  melting  point,  as  a  racemic  compound,  and,  under 
the  same  conditions,  we  have  found  that  the  Z-menthyl  ester  of 
r-mandelic  acid  also  occurs  as  a  definite  compound.  This  is  evident 
from  the  existence  of  the  intermediate  curve  (Fig.  2),  the  flattened 


906  FINDLAY   AND   HICKMANS  :   FREEZING   POINT 

summit  of  which  indicates,  however,  a  certain  amount  of  dissociation 
in  the  liquid  phase.  That  ^menthyl  r-mandelate  is  stable  also  at  the 
ordinary  temperature  has  been  indicated  by  A.  McKenzie  (Trans., 
1904,  85,  1255),  and  solubility  measurements,  on  which  we  are  at 
])resent  engaged,  prove  this  to  be  so.  Indeed,  it  is  probable  that  the 
transition  temperature  at  which  ^-menthyl  r-mandelate  breaks  up  into 
a  conglomerate  of  ^-menthyl  cZ-mandelate  and  ^-menthyl  Z-mandelato 
lies  below,  probably  considerably  below,  0°.  We  hope  soon  to  obtain 
more  exact  information  on  this  point. 

It  has  been  said  above  that  the  flattened  summit  of  the  freezing 
point  curve  indicates  a  certain  amount  of  dissociation  of  the  partially 
racemic  compound  in  the  liquid  state,  and  it  appeared  of  interest  to 
attempt  to  calculate,  if  only  approximately,  the  degree  of  dissoeiatioD, 
This  is  all  the  more  of  interest  on  account  of  the  fact  that  the  existence 
of  a  racemic  compound  in  the  liquid  state  has  been  considered  to  be 
very  doubtful,  if  it  has  not  been  altogether  denied.  Ladenburg  [Ber,, 
1895,  28,  163,  1991)  has  asserted  the  existence  of  racemic  coniine,  but 
his  evidence  has  not  been  accepted  as  convincing,  and  in  the  case  of 
other  inactive  liquids,  such  as  inactive  tetrahydroquinaldine  and 
inactive  pinene,  W.  J.  Pope  and  S,  J.  Peachey  (Trans.,  1899,  75, 
1111)  concluded  that  the  optically  active  antipodes  when  mixed  do 
not  form  a  racemic  compound.  It  may,  however,  be  doubted  whether 
the  methods  employed  were  altogether  capable  of  deciding  the  question, 
for  one  must  expect,  on  the  basis  of  the  laws  of  equilibrium,  the 
formation  to  a  greater  or  smaller  extent,  perhaps,  indeed,  only  to  an 
inappreciable  extent,  of  the  racemic  compound. 

Although,  in  the  case  of  substances  known  only  in  the  liquid  state, 
no  general  method  has  as  yet  been  obtained  to  establish  in  a  suffi- 
ciently convincing  manner  the  existence  of  liquid  racemates ;  still 
evidence  is  not  wanting  that  racemates  do  exist,  not  only  in  the  liquid 
state,  but  also  in  solution.  Thus,  A.  Byk  {Zeitsch.  physikal.  Chem., 
1904,  49,  682)  has  shown  that  the  colour  of  a  solution  of  alkali 
copper  tartrate  (prepared  from  active  tartaric  acid)  is  different  from 
that  of  an  equally  concentrated  solution  of  alkali  copper  racemate, 
from  which  the  existence  of  the  latter  in  solution  may  be  concluded. 
Evidence  of  the  existence  of  racemic  compounds  in  solution  has  also 
been  obtained  by  G.  Bruni  and  M.  Padoa  [Atti  R.  Accad.  Lincei, 
1902,  [v],  11,  212).  More  recently  Bruhl  (this  vol.,  115)  has  shown 
that  the  liquid  cZ^A'-®''"-fJ-menthadiene  is  probably  a  racemic  compound. 

Evidence  of  the  existence  of  racemates  in  the  liquid  state  is  given 
by  the  freezing  point  curves  of  optically  active  substances  obtainable 
in  the  crystalline  form.  It  has  already  been  remarked  that  when  two 
components  combine  to  form  a  compound  stable  at  its  melting  point, 
the  freezing  point  curve  for   mixtures  of  the   two   components   will 
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exhibit  an  intermediate  portion  which  gives  the  conditions  under 
which  the  compound  can  exist  in  contact  with  molten  mixtures.  Not 
only  so,  but  it  is  possible,  from  the  shape  of  this  cvirve,  to  gain  some 
idea  of  the  stability  of  the  compound  or  of  the  degree  to  which  the 
compound  undergoes  dissociation  in  the  liquid  state.  The  curvature 
of  the  summit  of  the  curve  is  greater  the  more  the  compound  is 
dissociated  into  its  components  in  the  liquid  state.  The  smaller  the 
degree  of  dissociation,  the  sharper  will  be  the  summit  of  the  curve, 
and  if  the  compound  is  completely  undissociated  in  the  liquid  state 
the  two  branches  of  the  curve  will  intersect.  This  is  found,  for 
example,  in  the  case  of  pyridine  and  methyl  iodide  (A.  H.  W.  Aten, 
Zeitscli.  physihal.  Chem.,  1905,  54,  124). 

Since  the  flattening  of  the  freezing  point  curve  of  the  compound  is 
due  to  the  lowering  of  the  freezing  point  produced  by  the  presence  of 
the  products  of  dissociation,  it  is  possible  to  calculate  the  degree  of 
dissociation  with  the  help  of  the  law  of  mass  action  and  from  a 
knowledge  of  the  depression  produced  by  the  addition  of  a  known 
amount  of  one  of  the  components.  This  method  has  been  applied  by 
E.  Kremann  (i/o?ia<s/«.,  1904,  25,  1215;  Zeitscli.  EleUrochem.,  1^0^, 
12,  259)  and  a  graphic  method  by  TI.  W.  B.  Roozeboom  and 
A.  H.  W.  Aten  (Zeitsch.  phjsikal.  Chem.,  1905,  53,  463). 

Although  it  must  be  admitted  that  the  assumption  untlerlying  the 
method  may  not  be  completely  fulfilled,  and  although  the  method  can, 
at  best,  be  considered  as  giving  only  approximately  correct  results,  we 
have  nevertheless  thought  it  worth  while  to  make  use  of  it  as  giving 
some  idea  of  the  degree  of  dissociation  of  the  partially  racemic 
menthyl  r-mandelate. 

The  law  of  mass  action  applied  to  the  dissociation  of  the  binary 
compound  into  its  two  components  yields  the  expression 

X  X       _  7, 100  -a; 

loo +  a;' 100  + a;  ~  "  100 +  «' 
where  x  is  the  percentage  number  of  molecules  of  each  of  the  com- 
ponents produced  by  the  dissociation,  and  100 +  a:  is  the  total  number 
of  molecules.  From  this  we  can  calculate  the  value  of  k  for  any 
given  value  of  x,  that  is,  for  any  given  degree  of  dissociation.  If, 
now,  an  excess  of  a  gram-molecules  of  one  of  the  components  is  added, 
the  dissociation  will  be  altered  in  approximate  accordance  with  the 
expression  : 

x  +  a  X  _  ,      100  -X 


lOO  +  x  +  a'lOO  +  ic  +  rt        'lOO  +  aj  +  a' 

from  which  the  new  value  of  x  can  be  calculated.  We  are  thus 
enabled  to  calculate  the  actual  number  of  molecules  which  have  a 
depressing  effect  on  the  freezing  point.     If  we  also  know  the  value  of 
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the  molecular  depression  of  the  freezing  point,  we  can  calculate  the 

course  of  the  freezing  point  curve  for  mixtures  of  different  composition 

and  for  any  assumed  value  of  dissociation.     It  only  remains  theiefore 

to  compare  the  actual  freezing  point  curve  with  those  calculated  in  the 

above  manner  for  different  degrees  of  dissociation. 

The  value  of  the  depression  of  the  freezing  point   produced  by  one 

gram-molecule  of  solute  in  100  gram-molecules  of  solvent  can  be  obtained 

0*02  T" 
by  means  of  the  van't  Hoff  formula,  8==—  ,  where  Z  is  the  latent 

heat  of  fusion.  We  preferred,  however,  to  obtain  it  by  determining 
the  lowering  produced  by  a  known  amount  of  mandelic  acid.  It  must 
be  conceded  that  this  method  is  not  altogether  free  from  objection 
since  Kremann  (loc.  cit.)  has  shown  that,  in  the  case  of  several  organic 
compounds,  the  values  so  obtained  are  not  altogether  in  harmony.  An 
error  may  therefore  enter  into  the  calculation  from  this  source,  but  we 
do  not  consider  it  to  be  a  large  one,  and,  moreover,  it  must  be  recalled 
that  we  are  dealing  with  only  an  approximate  determination  of  the 
dissociation. 

The  value  obtained  for  8^  is  0"283°.  Using  this  number,  one  obtains 
the  following  values  for  the  depression  of  the  fi-eezing  point  of  the 
partially  racemic  compound,  assuming  the  degree  of  dissociation  to  be 
35  and  50  per  cent,  respectively  : 


Degree  of  dissociation  =  35  per  ceut. 
Molar  percentage  Depression  of 


of  compound. 

fr 

cezing  point 

100-0 

— 

94-4 

0-03° 

89-3 

0-11 

83-3 

0-41 

74-1 

0-71 

66-6 

1-26 

Degree  of  dissociation  =  50  per  cent. 
Molar  percentage  Depression  of 


of  compound. 

freezing  point 

100-0 

— 

94-4 

— 

89-3 

0-048° 

83-3 

0-11 

74-1 

0-29 

66-6 

0-49 

Molar  percentage 

of  compound. 

Freezing  p 

100-0 

83-7 

83-3 

83-5 

71-6 

83-2 

57-8 

82-1 

On  the  other  hand,  we  obtain  the  following  table  from  the  experi- 
mentally determined  freezing  point  curve  : 

point.  Depression. 

0-2° 
0-5 
1-6 

On  plotting  the  above  numbers  in  the  same  system  of  co-ordinates, 
the  curves  shown  in  Fig.  1  result.  From  this  figure  we  see 
that  the  experimental  freezing  point  curve  lies  between  the  curves 
calculated  on  the  assumption  that  the  degree  of  dissociation  is  35  and 
50  per  cent,  respectively.  Although  no  great  accuracy  is  claimed  for 
the  calculation,  we  are  entitled  to  conclude  from  this  that  the  ^-menthyl 
r-mandelate  exists  in  the  liquid  state  at  the  temperature  of  its  melting 
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point,  and  that  it  is  dissociated   into  its  components  to  an  extent  of 
about  50  per  cent. 

On  examining  the  freezing  point  curves  obtained  by  Adriani  {loc.  cit) 
several  cases  are  also  found  where  the  shape  of  the  curve  indicates  the 
existence  to  a  considerable  extent  of  undissociated  racemate  in  the 
liquid  state.  More  especially  is  this  the  case  with  racemic  benzoyl- 
tetrahydroquinaldine,  the  sharp  curve  for  which  indicates  a  compara- 
tively small  degree  of  dissociation. 


Fig.  1. 
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Experimental. 

\-Menthyl  r-mandelate  was  prepared  in  the  manner  described  by 
A.  McKenzie  (Trans.,  1904,  85,  383).  It  was  crystallised  from  light 
petroleum  and  melted  at  85 — 86°.  Its  specific  rotation  determined  in 
ethyl-alcoholic  solution  was  [a]u  ^  -  75'03°. 

\-Mandelic  acid  was  prepared  from  amygdalin  and  was  converted 
into  its  ^-menthyl  ester  by  the  hydrogen  chloride  method.  The  product 
was  extracted  with  ether  and  the  ethereal  solution  washed  with  dilute 
sodium  carbonate  solution.  The  ether  was  then  evaporated,  the  residue 
poured  into  water,  and  subjected  to  steam  distillation  to  remove  the 
excess  of  menthol.  The  liquid  was  again  extracted  with  ether,  and, 
after  evaporating  off  the  latter,  the  residue  was  crystallised  from 
alcohol.  The  product  melted  at  81°  and  had  a  specific  rotation  in 
alcoholic  solution  of  [aj^j*   -  140-92°.     The  above  method  of  treatment 
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was  adopted  instead  of  distillation  under  reduced  pressure  (McKenziej 
Trans.,  190i,  85,  1254)  on  account  of  the  fact  that  in  one  preparation 
we  obtained  a  partially  racemised  product; 

d-Mandelic  acid  was  obtained  fi'om  the  racemic  acid  by  means  of  its 
cinchonine  salt,  and  was  converted  into  its  ^menthyl  ester  in  the  same 
manner  as  ^^mandelic  acid.  The  ester,  after  crystallisation  from 
alcohol,  molted  at  98°  and  gave  a  specific  rotation  in  alcoholic  solution 
of[a]lI-'  -9 •45°. 

It  may  be  noticed  that  the  specific  rotations  obtained  for  the  three 
esters  are  somewhat  higher  than  those  quoted  by  McKenzie  {loc.  cit.)  ; 
they  agree,  however,  very  closely  among  themselves,  the  difference 
between  the  values  of  \a]i,  for  ^menthyl  ^mandelate  and  ^menthyl 
r-mandelate  being  65"89°,  and  that  between  ^-menthyl  ?'-mandelate  and 
^menthyl  o?-mandelate,  65 'SS^. 

Determination  of  the  Freezimj  Points. — The  determinations  of  the  freez- 
ing point  Avere  carried  out  in  a  moderately  large  test-tube  surrounded 
by  another  tube  to  act  as  an  air  mantle,  and  the  whole  was  immersed 
in  a  bath  of  glycerol.  Both  the  inner  tube  and  the  bath  were  pi'ovided 
with  a  stii'rer  and  thermometer,  the  bulb  of  the  thermometer  in  the 
inner  tube  being  immersed  completely  in  the  fused  mixture  the  freezing 
point  of  which  was  being  determined.  On  account  of  the  great 
sluggishness  with  which  crystallisation  took  place,  extensive  super- 
fusion  I'oadily  occurred,  leading  to  too  low  values  of  the  freezing  point. 
We  therefore  adopted  the  plan  of  alternately  lowering  and  raising  the 
temperature  of  the  bath  very  slowly  in  the  neighbourhood  of  the  freez- 
ing point,  and  so  of  approaching  very  nearly  to  the  true  freezing  point. 
The  dithculties  were  not  so  great  in  the  case  of  mixtures  from  which 
the  ester  of  the  Isevo-acid  separated  out,  as  this  crystallised  more 
rapidly  than  the  other  two  esters.  Special  experiments  showed  that 
no  marked  racemisation  occurred  while  the  determination  of  the  freez- 
ing point  was  being  carried  out. 

The  following  is  a  table  of  the  freezing  points  obtained,  the  numbers 
being  also  plotted  in  fig.  2. 


Lajvo- ester, 

Lfevo-ester, 

per  ceut. 

Freezing  point. 

per  cent. 

Freezing  point 

100-00 

77-6" 

54-65 

83-5 

94-88 

76-0 

50-00 

83-7 

89-03 

73-8 

45-87 

83-7 

86-57  * 

72-4 

41-77 

83-6 

85-17 

72-8 

36-15  * 

82-3 

77-63 

76-2 

33-63 

82-7 

72-92 

78-5 

26-08 

86  1 

63-54 

82-1 

14-03 

91-5 

68-26 

88-2 

0 

97-2 

*  Eutectic  mixture. 


Molecular  Depression  of  the  Freezing  Point. — In  order    to  obtain 
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the  value  of  the  freezing  point  constant,  determinations  were  made  of 
the  freezing  point  of  Z-menthyl  r-mandelate  to  which  known  weights 
of  mandelic  acid  were  added.  The  value  of  the  constant  k  could  then 
be  calculated  from  the  ordinary  formula  for  the  lowering  of  the 
freezing  point. 

0'0857   Gram  of   mandelic  acid    added    to   3'871    grams   of   ester 
depressed  the  freezing  point  by  1-2°.     Hence  ^  =  8240. 


Fig.  2. 
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Further  addition  of  0-0584  gram  of  mandelic  acid  caused  a  total 
depression  of  20°.     Hence  k  =  8170.     Mean  value  of  k  =  8205. 

From  this  we  obtain,  since  the  molecular  weight  of  mandelic  acid  is 


Part  of  the  expense  of  the  foregoing  investigation  was  defrayed  by 
a  grant  awarded  by  the  Committee  of  the  Research  Fund,  for  which 
we  wish  to  express  our  thanks. 
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University  of  Birmingham. 
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LXXXV. — Acyl-yjr-derwatives  of  Iminothiocarhamic  Acid 
and  their  Isomerides, 

By  Augustus  Edward  Dixon  and  John  Taylor. 

In  the  course  of  an  investigation  commenced  a  few  years  ago  by  one  of 
us  (Dixon,  Trans.,  1903,  83,  550),  it  was  observed  that  methyl  chloro- 
carbonate  unites  spontaneously  with  phenylthiourea  to  form  an 
additive  compound,  C.^HgN2S,C2H^302^^-  When  heated,  this  substance 
readily  loses  carbon  dioxide,  thereby  yielding  the  hydrochloride  of 
Bei'tram's  methyl  ester  of  iminophenylthiocarbamic  acid  or  imino- 
phenylcarbaminethiomethy],  PhNH-C(NH)-SMe  {Ber.,  1892,  25,  49), 
otherwise  methyl-i/'-phenylthiourea  ;  the  latter  hydrochloride  is  pro- 
duced directly  if  the  constituents  are  heated  together  in  presence  of 
benzene. 

From  the  facts  (i)  that  Bertram's  thiomethyl  base  can  thus  be 
obtained,  whereas  it  is  not  derivable  from  a  thiocarbamide  in  which 
the  carboxymethyl  group  is  already  united  to  a  nitrogen  atom,  and 
(ii)  that  a  molecule  of  hydrogen  chloride  may  be  withdrawn  from  the 
additive  compound,  C^HyNgSjCgHgOCl,  with  formation  of  a  thiourea 
containing  a  phenyl  and  a  carboxymethyl  group,  which  thiourea  is 
isomeric  with  the  a6-carboxymethylphenylthiocarbamide, 

PhNH-CS-NH-C02Me, 
of  Doran  (Trans.,  1901,  79,  908)   there  was  no  difficulty  in    drawing 
the  conclusion  that  the  additive  compound  is  the  hydrochloride  of  a 
basic  or  i/^-form, 

PhNH-C(NH)-S-C02Me,HCl. 

On  the  other  hand,  considerable  difficulty  was  experienced  in 
deciding  by  direct  means  the  constitution  of  the  substance  left  on 
removal  of  the  halogen  acid,  but  ultimately,  on  the  ground  that  the 
hydrochloride  could  possess  no  other  structure  than  that  assigned  in 
the  preceding  formula,  it  was  conjectured  that  this  residue  must  be 
the  corresponding  base,  PhNH'C(NH)-S'COoMe.  In  other  words, 
the  constitution  formulated  for  the  base  rested  solely  on  the  assumption 
that  it  was  liberated  unchanged  and  remained  so.  But  more  recent 
investigation  of  similar  compounds,  derived  from  monosubstituted 
thioureas  and  fatty  acylogens,  having  shown  that  an  acyl  group, 
united  initially  to  sulphur,  is  prone  to  move  very  readily  to  one  of  the 
nitrogen  atoms  as  soon  as  the  combined  halogen  acid  is  withdrawn,  it 
became  necessary  to  revise  the  facts  in  order  to  learn  whether  this 
assumption  is  warrantable. 

That  it  is  not,  seems  evident  from  the  following  considerations. 
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(i.)  The  hydrochloride  melts  at  87°;  the  "  base  "  liberated  from  this 
by  treatment  with  alkali  in  the  cold  is,  as  might  be  expected,  an  oil. 
It  does  not,  however,  long  remain  liquid,  but,  even  during  the  process 
of  precipitation  if  this  is  conducted  by  the  slow  addition  of  the  alkali, 
changes  to  a  solid,  the  melting  point  of  which,  166 — 167°,  is  remarkably 
high  compared  with  that  of  the  parent  hydrochloride. 

(ii.)  Whilst  the  pure  hydrochloride  is  freely  soluble  in  water,  the 
"  base,"  on  the  other  hand,  when  it  has  solidified,  is  practically 
insoluble  in  dilute  or  concentrated  hydrochloric  acid. 

(iii.)  The  hydrochloride  gives,  in  aqueous  or  weak  alcoholic  solution, 
a  nearly  insoluble  picrate,  whereas  the  "  base "  does  not  appear 
capable  of  yielding  a  picrate. 

(iv.)  The  "base"  is  but  slightly  desulphurised  by  boiling  with 
moderately  strong  alkali  and  a  lead  salt,  whereas  it  might  be 
anticipated  that  a  combination  such  as  PhNH'C(NH)*S'CO.,Me, 
except  in  so  far  as  it  might  yield  mercaptan  (on  account  of  the 
heating),  would  undergo  quantitative  desulphurisation.  By  the 
treatment  named,  the  hydrochloride  is  easily  and  copiously  desul- 
phurised, whilst  a  little  mercaptan  escapes  ;  thiocyanate  is  formed  also, 
to  a  certain  extent. 

(v.)  The  solidified  "  base,"  if  boiled  with  caustic  alkali,  yields  no 
mercaptan  ;  the  resultant  solution  which  contains,  (iv),  but  little 
sulphide,  gives  an  abundant  reaction  for  thiocyanic  acid. 

The  conclusion  which  we  di-aw  from  these  facts  is,  that  the 
compound  liberated  from  the  hydrochloride,  at  least  when  the 
former  has  solidified,  is  not  the  corresponding  base,  but  an  isomeride. 

Since,  as  stated  already,  it  is  isomeric  with  aS-carboxymethyl- 
phenylthiocarbamide,  PhNH'CS'NH'CO^Me,  the  only  constitution 
which  remains  for  it  (neglecting  mere  tautomeric  variants)  is  the 
aa-form,  PhN(CO.,Me)*C(NH)'SH.  Similar  considerations  apply,  of 
course,  in  respect  of  the  homologues  described  in  the  paper  named. 

Hugershoff,  who  was  the  first  to  obtain  acyl  unsymmetrical  deriv- 
atives of  this  type,*  including  simple  fatty  radicles  only,  made  the 
cvirious  discovery  that  they  are  decomposed  by  contact  with  strong 
alkali  into  thiocyanic  acid  and  substituted  amide,  whereas  in  weak 
alkali  they  dissolve  without  decomposition,  but  with  internal  mole- 
cular change  into  the  isomeric  form  of  «6-disubstituted  thiocarbamide 
{Ber.,  1899,  32,  3649). 

Quite  recently  it  has  been  shown  (Dixon  and  Hawthorne,  this 
vol.,  122)  that  acetyl  chloride  unites  spontaneously  with  phenylthio- 

*  He  supposed  his  acetylphenyl  derivative  to  be  an  rt&-compound  and,  conse- 
quently, the  known  acetylphenylthiocarbamide  to  have  the  «a-configuration 
"Wheeler  showed,  however  {_Amer.  Chem,  J.,  1902,  27,  274),  that  the  converse  view 
iBust  be  adopted. 
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urea  to  form  a  hydrochloride,  from  which,  by  cautious  elimination 
of  the  combined  halogen  acid,  there  is  obtained,  not  the  corresponding 
base,  PhNH*C(NH)*SAc,  but,  instead,  Hugershoff's  «a-acetylphenyl- 
thiocarbamide,  AcPhN-CS'NHg,  or,  it  may  be,  the  thiourea,* 

AcPhN-C(NH)-SH. 
By  analogy,  this   tends  to  confirm   the    view    originally    entertained 
(Dixon,  loc.  cit.,  561)  with  regard  to  the  chlorocarbonate  "  base"  (but 
ultimately  abandoned  on  the  ground  previously  stated),  that  in  it  both 
radicles  are  joined  to  a  single  nitrogen  atom. 

In  point  of  stability  there  are  marked  differences  between  the 
aa-disubstituted  acetyl  and  the  carboxymethyl  derivatives.  Thus, 
whilst  the  former  are  destroyed  instantly  by  contact  with  cold  strong 
alkali,  the  latter  are  attacked  by  it  with  some  difficulty,  although  they 
yield  thiocyanic  acid  at  once  when  the  mixture  is  heated.  The  former 
dissolve  readily  in  cold  dilute  alkali  with  isomeric  change  to  the 
«^-form  ;  the  latter  do  not  dissolve  and  are  unaffected.  The  former, 
when  melted,  undergo  the  same  isomeric  change  as  is  induced  by 
dissolution  in  weak  alkali ;  the  latter  melt  with  decomposition  and 
effervescence. 

Further  experiments  have  now  been  conducted  on  the  interaction  of 
various  acid  chlorides  and  thioureas,  an  account  of  which  we  have  the 
honour  to  place  before  the  Society. 


Ethyl  Chlorocarbonate  and  Phenylthiourea. 

To  finely-divided  phenylthiourea,  made  into  a  thin  paste  with  tepid 
alcohol,  the  chlorocarbonate  was  slowly  added,  the  mixture  becoming 
clear  when  about  1  molecular  proportion  had  been  used  ;  thus,  6*1 
grams  of  the  former  requix'ed  4"46  grams  of  the  latter,  instead  of  4"35 
calculated  from  the  equation  : 

PhNH-C(NH)-SH  +  EtO-.COCl  =  PhNH-C(NH)-S-C02Et,HCI. 

The  product,  a  yellow  acid  syrup,  showing  no  tendency  to 
crystallise  on  keeping,  was  soluble  in  cold  water  to  an  opalescent 
solution ;  this  yielded  with  picric  acid  an  orange-yellow  picrate, 
and  was  freely  desulphurised  by  warming  with  an  alkaline  solution 
of  lead. 

On  careful  neutralisation  of  the  dilute  aqueous  solution  of  the 
hydrochloride  by  weak  caustic  alkali,  droplets  of  oil  were  precipitated, 
changing  by  degrees  to  a  granular  solid ;  the  latter,  when  crystallised 

*  The  name  "thiourea"  is  used  to  denote  NH2"C(SH):NH  or  its  substitution 
products;  derivatives  of  GS(NH2)2  are  termed  "  thiocarbamides"  (see  Trans., 
1895,  67,  564). 
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from  boiling  alcohol,  in  which  it  is  moderately  soluble,  although  but 
sparingly  so  in  the  cold,  formed  brilliant,  white,  flattened  prisms, 
free  from  chlorine,  and  melting  without  immediate  effervescence  at 
132—133°. 

Analysis  gave  the  figures  for  a  carboxyethylphenylthiocarbamide, 
CSN2H2Ph-C02Et. 

0-224,  fused  with  NaOH  +  KNOg,  required  20-1  c.c.  iV7lO  BaCl.^. 
S=  14-35. 

0-448,by  Kjeldahl's method,  required  40-5  c.c.  N/IO  K^HO^.  N=  12-65. 
C10H12O2N2S  requires  S=  14-29  ;  N  =  12-50  per  cent. 

There  is  no  very  considerable  difference  between  the  characters  just 
mentioned  and  those  recorded  by  Doran  (Trans.,  1896,  69,  326)  for 
«fi-carboxyethylphenylthiocarbamide,  namely,  monoclinic  tables 
melting  at  130°.  Nevertheless,  the  substances  are  distinctly  isomeric, 
for  whilst  the  rt6-compound  dissolves  in  warm  dilute  potash,  but  even 
iifter  boiling  with  this  reagent  is  precipitated  unchanged  by  hydro- 
chloric acid  (loe.  cit.),  our  compound,  when  gently  warmed  with  alkali, 
decomposed,  yielding  a  turbid  mixture ;  this,  when  acidified  and 
treated  with  ferric  chloride,  gave  an  intense  blood- red  coloration, 
thereby  showing  the  presence  of  much  thiocyanic  acid.  To  make 
certain,  we  have  re-examined  the  ft6-derivative  and  find  that  under 
this  treatment  it  yields  no  trace  of  thiocyanic  acid. 

A.S  regards  stability  in  contact  with  water,  the  hydrochloride  is 
more  resistant  than  the  analogous  derivative  containing  acetyl,  namely, 
PhNH*C(NH)'SAc,HCl,  since  on  dissolution  in  water  this  is  hydrolysed 
rapidly  into  hydrochloric  and  acetic  acids  with  precipitation  of 
phenylthiourea.  Water,  nevertheless,  acts  on  the  salt,  for,  on  allowing 
the  dilute  aqueous  solution  to  stand  for  some  days,  it  gradually 
became  turbid  and  needles  were  deposited.  A  like  change  occuri'ed 
foi^thwith  on  heating  the  aqueous  solution  to  about  50°,  the  product, 
after  recrystallisation  from  alcohol,  melting  in  each  case  at  132 — 133°, 
and  hence  not  consisting  of  phenylthiourea.  It  had  all  tlie  properties 
of  the  material  precipitated  by  alkali,  and  when  equal  parts  of  the  two 
were  mixed  together,  the  melting  point  underwent  no  change. 

Water,  therefore,  like  caustic  alkali,  eliminated  only  the  combined 
hydrogen  chloride  from  the  additive  compound.  But  the  relatively 
high  melting  point  of  the  solidified  product,  and  especially  the  facts 
that  the  solid  neither  dissolved  in  hydrochloric  acid  nor  gave  a  picrate, 
and  moreover  that  the  hydrochloride,  when  heated  with  alkali,  yielded 
mercaptan,  whereas  the  above  solid  did  not — all  these,  viewed  in 
connexion  with  the  isomerism  previously  mentioned,  serve  to  indicate 
that  the  substance  melting  at    132 — 133°  is  aa-carboxyethylphenyl- 

3  p  2 
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thiourea,  rhN(CO.,Et)-C(NH)-SH,  or  its  t  hiocarbamidic  tautomeriHe, 
PhN(CO,Et)-CS-Nn,.^ 

This  evidence,  althougli  cumulative,  is  indirect  ;  it  still  remained  to 
be  sliown  that  the  two  groups,  phenyl  and  carboxyethyl,  are  really 
joined  to  one  and  the  same  nitrogen  atom.  That  such  is  the  ease  may 
be  concluded  from  the  results  of  the  following  experiments, 

A  quantity  of  the  pure  compound  (m.  p.  132 — 133°)  was  covered 
with  strong  (15  :  100)  aqueous  caustic  soda  (3  mols.).  No  sign  of 
action  was  noticeable  at  first,  but  presently  the  liquid  grew  slightly 
turbid,  the  outline  of  the  crystals  becoming  somewhat  indistinct  ;  after 
two  hours'  standing,  the  mixtui-e  was  gently  warmed,  whereupon  the 
solid  fused,  thus  showing  that  chemical  action  had  taken  place  ;  the 
mixture  was  now  extracted  with  ether,  which  dissolved  the  solid,  the 
ethereal  extract  allowed  to  evaporate,  and  the  aqueous  portion  diluted 
with  water. 

On  evaporation  of  the  ether,  a  dry  solid  was  left  containing  no 
aniline  ;  it  retained,  however,  even  after  several  recrystallisations 
from  light  petroleum,  a  trace  of  some  desulphurisable  impurity,  and 
melted  at  about  48°,  When  heated  in  a  dry  tul)0,  it  gave  the  odour 
of  phenyl  /socyanate,  and  hence  consisted  substantially  of  phenyl- 
urethane,  PhNH'CO.iEt,  melting,  according  to  Wilm  and  Wischin 
{Anncden,  1868,  147,157),  at  51-5— 52°. 

As  no  mercaptan  had  been  evolved  during  the  attack  by  caustic 
alkali,  the  whole  of  the  sulphur  initially  present  (save  the  mere  trace 
in  the  ethereal  extract)  must  have  been  in  the  aqueous  portion.  This, 
when  mixed  with  a  lead  salt,  remained  perfectly  clear,  showing  the 
absence  of  sulphide  ;  when  the  mixture  was  boiled,  it  became  only 
faintly  brown,  and  hence  contained  practically  none  of  the  original 
sulphur  compound  ;  much  thiocyanic  acid,  of  course,  was  present,  but 
neither  carbonate  nor  aniline  could  be  detected.  Presumably,  there- 
fore, the  action  had  proceeded  according  to  the  equation  : 

PhN(C02Et)-CS-NH2  +  NaOH  =  PhNH-COgEt  +  NaSCN  +  HgO, 

A  quantitative  experiment,  conducted  on  the  lines  just  indicated, 
gave  the  following  results. 

2 '24  Gi\ams,  decomposed  with  alkali,  gave  1"69  grams  of  (crude) 
phenylurethane,  the  calculated  figure  being  1'65  grams.     The  alkaline 
liquor  from  this   was   made   up   to    100  cc,  and   the  thiocyanic   acid      :i 
determined     by    Barnes    and    Liddles'     method,    using    iV/lO    copper      t 
sulphate.    Twenty  cc.  required  19*4  cc,  of  the  solution,  corresponding      ] 

*  As  there  is,  at  present,   no  means  of  deciding  between  these  two  structural  j 

formulae  for  art-compouuds,  the  latter  alone  will  he  used  in  what  follows  ;  merely  in  i 

order  to  avoid  repetition,  but  not  with  the  intention  to  advance  one  as  preferable  to  J 
the  other. 


I. 
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to  0572   gram    HSCN    in    the   whole    100  c.c,  whilst    the   amount, 
according  to  the  equation  given  above,  would  be  0  5 9  gium. 

Therefore,  in  the  circumstances  given,  the  decomposition  of  the 
art-compound  by  strong  caustic  alkali  into  thiocyanic  acid  and  phenyl- 
urethane  is  very  nearly  quantitative. 

Hugershoff,  in  the  paper  already  cited,  mentions  as  a  distinction 
between  labile  (that  is,  aa-)  and  stable  (or  ab-)  acetylphenylthio- 
carbamide  that  the  former  is  desulphurised  in  alcoholic  solution  by 
mercuric  oxide,  whilst  the  latter  is  not  affected.  Experiments  now 
made  with  the  corresponding  aa-  and  ai-carboxyethylphenylthio- 
carbamides  show  that  in  this  class  the  distinction  does  not  hold  good. 
Both  compounds,  when  brought  into  contact  with  precipitated 
mercuric  oxide,  were  desulphurised,  the  only  difference  noticed  being 
that  the  change  occurred  much  more  slowly  in  the  case  of  the 
rtfi-derivative. 

Whilst  the  acyl  group  of  a  fatty  acid  in  aa-disubstitution 
derivatives,  such  as  PhAcN*0S*NH2,  moves  readily  to  the  re- 
maining nitrogen  atom^  so  as  to  produce  a  symmetrical  compound, 
PliNH'CS'NHAc,  no  tendency  to  migration  has  ever  been  observed 
where  purely  hydrocarbon  radicles  alone  are  present,  as,  for  example, 
in  MePhN-CS-NH^.  Now,  the  radicle,  OO^Et,  is  so  far  electro- 
po-itive  to  the  acetyl  group  that  it  readily  expels  the  latter  from 
PhNH'CS'NHAc,  whilst  the  converse  action  is  not  realised,  even  when 
acetyl  chloride  in  large  excess  is  heated  with  PhNH-CS'NH'CO^Et 
(Doran,  Trans.,  1896,  69,  343)  ;  moi-eover,  in  general  chemical 
behaviour,  "  thiocyanates "  containing  the  group  CO^R  (whei^e 
R  =  alkyl  or  aryl)  are  more  akin  to  ordinary  hydiocarbon  thio- 
carbimides  than  is  the  case  with  their  fatty  acyl  congeners.  It  was  of 
interest,  therefore,  to  learn  how  the  carboxyethyl  group,  CO.^Et,  would 
comport  itself  as  regards  migration. 

A  quantity  of  the  «rt-carboxyetliylphenyl  compound  was  maintained 
just  at  its  melting  point  for  half  an  hour.  Little  change  occurred, 
save  that  gas  was  very  slowly  evolved,  having  an  odour  of  mercaptan, 
and  containing  carbon  dioxide ;  on  raising  the  temperature  to  about 
160°,  this  effervescence  became  vigorous,  and,  on  cooling,  a  tenacious 
oil  was  left,  in  which  nothing  could  definitely  be  recognised,  except 
thiocyanic  acid  and  phenylthiocarbimide.  Heat  led,  therefore,  not  to 
isooieric  change,  but  to  complete  disruption  of  the  molecule.  Transfer 
of  the  acyl  group  by  means  of  cold  weak  alkali  ( Hugershoff 's  method, 
loc.  cit.)  could  not  be  effected,  the  aa-compound  being  insoluble  in  it 
and  apparently  unchanged. 

From  the  results  of  these  and  similar  experiments,  it  would  seem 
that  an  acyl  group  may  usually  be  attached  to  the  sulphur  atom  of  a 
monosubstituted  thiourea,  in  the  same  way  as  an  alkyl  group;  and 
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that  it  will  remain  there  so  long  as,  in  conjunction  with  some  acid 
(hydrochloric,  inoric,  or  nitric),  it  can  form  a  salt.  On  with- 
drawal of  the  combined  acid,  it  tends  to  move  to  that  nitrogen  atom 
which  already  contains  a  hydrocarbon  i-adicle ;  if  the  acyl  group  is  of 
pronounced  electronegative  character,  it  is  prone  to  move  once  more, 
into  union  with  the  unoccupied  nitrogen  atom,  to  form  a  symmetrical 
thiocarbamide,  whereas,  if  the  electronegative  character  is  of  low 
degree,  this  second  transfer  cannot  be  accomplished  easily,  if  at  all. 

There  is  some  reason  to  believe  that,  for  a  short  time  at  least,  the 
free  base,  PhNH-C(NH)'S'C02Et,  is  capable  of  existence.  Thus,  when 
excess  of  strong  alkali  was  added  quickly  to  the  aqueous  solution  of 
the  hydrochloride,  without  allowing  time  for  solidification  of  the 
precipitate,  the  latter  redissolved  at  once ;  the  solution  had  an  odour 
of  mercaptan,  and,  when  neutralised  with  hydrochloric  acid,  evolved 
both  carbon  dioxide  and  hydrogen  sulphide,  reacted  faintly  for  aniline, 
and  yielded  a  precipitate ;  these  changes  are  probably  due,  in  the 
main,  to  a  primary  decomposition,  through  the  excess  of  alkali,  of  the 
unstable  base,  PhNH'C(NH)'S'C02Et,  into  phenylurea  and  ethyl 
thiocarbonic  acid,  EtO'CO'SH,  which  latter  yields  (Bender,  Annalen, 
1868,  148,  137)  hydrogen  sulphide,  mercaptan,  &c.  The  change  is 
complicated  through  the  transformation  of  a  portion  of  the  base  into 
the  aa-isomeride,  for  although  in  some  of  the  experiments  ferric 
chloride  gave  but  a  faint  reddening  of  the  mixture,  yet  in  no  instance 
was  thiocyanic  acid  entirely  absent. 

Furthermore,  when  the  precipitate  obtained  by  neutralising  the 
aqueous  solution  of  the  hydrochloride  was  treated  at  once  with  hydro- 
chloric acid,  it  dissolved  readily,  whereas  it  has  previously  been 
mentioned  that,  after  solidification,  this  precipitate  is  practically  in- 
soluble in  the  acid  named. 

It  is  possible,  of  course,  that  at  very  low  temperature  the  free  base 
might  continue  to  exist  as  such,  but  we  had  no  means  of  testing  this 
point  experimentally. 

Concerning  the  hydrochloride  a  few  details  may  here  be  given. 
From  the  alcoholic  mixture,  prepared  as  described  above,  it  may 
conveniently  be  precipitated  by  the  addition  of  light  petroleum.  The 
resultant  mobile  clear  syrup  became  temporarily  viscid  at  -  15°,  but 
after  half  an  hour  at  this  temperature  showed  no  sign  of  solidification. 
It  was  rather  unstable,  bubbles  of  carbon  dioxide  beginning  to  develop 
after  a  few  hours'  standing  at  the  temperature  of  the  room  ;  by  warming 
gently  on  the  water-bath  this  change  was  induced  at  once,  the  product 
being  the  hydrochloride  of  Bertram's  {loc.  cit.)  ethyl  ester  of  imino- 
phenylthiocarbamic  acid,  PhNH-C(NH)'SEt,  a  raercaptoid  substance 
obtained  directly  (Dixon,  loc.  cit.)  by  heating  phenylthiourea  with 
ethyl  chlorocarbonate  in  presence  of  benzene.     It  is  necessary,  there- 
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fore,  in  prepai'ing  the  original  hydrochloride  to  avoid  overheating  ; 
combination,  very  slow  at  the  ordinary  temperature,  occurs  rapidly 
at  35 — 40°,  but  a  temperature  materially  higher  than  this  is  not 
permissible. 

From  the  dilute  aqueous  solution  of  the  hydrochloi'ide  the  picrate 
separated  on  the  addition  of  aqueous  picric  acid,  as  a  bright  yellow 
precipitate,  minutely  crystalline,  very  sparingly  soluble  in  cold  water, 
and  melting  at  85 — 86°.  It  was  free  from  chlorine,  was  desulphurised 
by  a  hot  alkaline  solution  of  lead  or  by  ammoniacal  silver  nitrate  ;  on 
treatment  with  one  equivalent  of  dilute  alkali,  and  allowing  to  stand 
for  some  minutes,  the  mixture  when  heated  with  strong  alkali  gave 
the  reaction  for  thiocyanic  acid  : 

0-4535  gave  0-223  BaSO^.     8  =  68. 

CiQHjgOjNgSjCgHgOyNg  requires  S  =  7-06  per  cent. 

Ethyl  Chlorocarhonate  and  o-Tolyllhiourea. 

The  additive  compound,  a  clear,  mobile,  acid  syrup,  had  properties 
similar  to  those  of  the  phenylic  homologue.  It  was  dissolved  in  water, 
and  the  solution  carefully  neutralised  with  dilute  caustic  alkali.  As 
before,  the  precipitated  oil  soon  hardened,  the  solid  product,  insoluble 
in  water,  yielding  by  crystallisation  from  alcohol,  colourless,  flattened 
prisms,  melting  at  149 — 150°  with  very  slight  effervescence  : 

0-238  gave  0-225  BaSO^.     S  =  13-0. 

CjjHj^OgN^S  requires  S  =  13-45  per  cent. 

Warm,  strong  caustic  alkali  readily  attacked  the  crystals,  producing 
an  oil  which  presently  changed  to  a  solid  ;  the  liquor  when  acidified 
reacted  intensely  with  ferric  chloride  for  thiocyanic  acid.  A  j^icrate 
was  obtainable  from  the  hydrochloride,  but  not  from  the  corresponding 
"  base,"  which  was  plainly  aa-carboxyethyl-o-tolylthiocarbamide, 

C7H7N(C02Et)-CS-NH2, 
isomeric  with  the  «6-compound  of  Doran  [loc.  cit.)  melting  at  152-5°. 

Ethyl  Chlorocarhonate  and  f-Tolylthiourea. 

No  material  difference  was  found  as  regards  the  product  in  this  case 
and  in  those  already  described  ;  the  compound,  aa-carboxyethyl-^j- 
tolylthiocarbamide,  melted  at  146 — 147°,  and  yielded  thiocyanic  acid 
when  attacked  by  warm  caustic  potash. 

Doran's  {loc.  cit.)  a/^-isomeride  melts  at  148 — 149°: 
0-238,  fused  with  NaOH  +  KNO3,  gave  0-2334  BaSO^.     S  =  135. 
Cj^Hj^OgN^S  requires  S=  13-45  per  cent. 
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Phenyl  CJdorocarbonate  and  Phenylthiourea. 

Hitherto,  the  power  of  phenyl  chlorocarbonate  to  unite  with 
thioureas  has  been  tested  in  but  a  single  case,  Dixon  having  observed 
that  it  can  yield  a  hydrochloride  with  thiourea  (Trans.,  1906,  89,  909). 
The  combination  was  somewhat  unstable,  being  converted  by  hot  water 
into  carbon  dioxide,  phenol,  and  hydrochloric  acid,  with  regeneration  of 
thiourea  ;  its  cold  aqueous  solution,  when  neutralised  with  iV/5  alkali, 
was  decomposed  with  formation  of  diphenyl  carbonate,  and  the  solid 
was  destroyed  by  melting,  without  production  of  the  expected  i//-base, 
NE[2'C(NH)'SPh.  Hence  the  phenylic  compound  differs  markedly  in 
properties  from  its  methylic  and  ethylic  congeners. 

On  mixing  the  above  constituents,  dissolved  in  acetone,  they  com- 
bined at  the  ordinary  temperature,  yielding  the  hydrochloride  in  bril- 
liant, white  crystals,  melting  at  115 — 116°  with  effervescence;  the 
amount  was  76  per  cent,  of  that  calculated  for  a  molecular  additive 
product  : 

0-3085  required  10-1  c.c.  iA710  AgNOg.     CI  =  11-6. 

C^^HjoO^NgSjHCl  requires  CI  =  11-5  per  cent. 

The  substance  was  decomposed  by  boiling  with  water  ;  it  dissolved 
moderately  freely  in  cold  alcohol,  and  the  solution,  when  treated  with 
aqueous  picric  acid,  gave  a  bright  yelYow  pier  ate.  On  boiling  the  solid 
with  an  alkaline  solution  of  lead,  thei^e  was  copious  desulphurisation  ; 
nevertheless,  only  a  portion  of  the  sulphur  was  thus  eliminated,  for,  on 
acidifying  with  hydrochloric  acid  and  treating  the  clear  liquid  with 
ferric  chloride,  an  intense  reaction  for  thiocyanic  acid  was  obtained. 

On  shaking  a  cold  alcoholic  solution  of  the  hydrochloride  with  excess 
of  calcium  cax'bonate,  filtering,  and  diluting  the  wai'm  filtrate  with 
water,  aa-carboxyphenylphenylthiocarbonate  crystallised  in  exception- 
ally brilliant,  pearly  leaflets  melting  at  144 — 145°  : 

0-272  gave  0-230  BaSO^.     S=  11-6. 

^H^i2^2-'*^2^  requires  S  =  11*77  per  cent. 

On  treatment  with  hot  alkali,  droplets  of  phenylthiocarbimide  were 
precipitated  ;  when  this  was  expelled  by  boiling  and  the  residual  liquid 
acidified,  hydrogen  sulphide  and  carbon  dioxide  escaped  with  effer- 
vescence, the  odour  of  phenol  becoming  marked ;  aniline  was  present, 
and  ferric  chloride  gave  a  strong  red  coloration.  Since  the  contained 
sulphur  appears  both  as  phenylthiocarbimide  and  as  thiocyanic  acid 
(the  hydrogen  sulphide  possibly  originating  through  the  attack  of  the 
hot  alkali  on  the  former),  the  interaction  must  proceed  in  at  least  two 
distinct  ways,  for  example  : 

(i)  PhC0.-NPh-CS-NH2  +  H,,0  =  HSCN  +  PhOH  -i-  CO^  +  PhNHo. 

(ii)  PhCO^-NPh-CS'NH,  +  Hp  =  PhOH  +  CO^  +  NHg  +  Ph-NCS.' 
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This  compound  is  isomeric  with  the  ab-devivniive, 
PhO-CO-NH-CS-NHPh, 
of  Doran  (Trans.,  1906,  89,  343),  melting  at  148— 149=",  and  yielding 
with  alkali   (Dixon,  Trans.,  1906,   89,  898)  all  the   products    named 
above  with  the  exception  of  thiocjanic  acid. 

o-Tolyl  Chlorocarbonate  and  PhenylUdourea. 

From  the  mixed  acetone  solutions,  the  hydrochloride  was  deposited 
in  tufts  of  colourless  prisms,  melting  with  effervescence  at  114°  : 

0-3225  required  10  05  c.c.  iV^/lO  AgNO^.    Cl  =  IM. 

CjjHi^O.NoS.HCl  requires  CI  =  11-01  per  cent. 

This  salt  was  decomposed  by  contact  with  water,  and  was  desulphur- 
ised by  an  alkaline  lead  solution,  even  in  the  cold. 

By  treating  the  alcoholic  solution  with  calcium  carbonate,  evaporat- 
ing the  filtrate  to  a  small  bulk,  and  crystallising  the  solid  residue  from 
alcohol,  small,  white  prisms  were  obtained,  melting  without  effer- 
vescence at  103 — 104°,  and  giving  with  hot  caustic  alkali  reactions 
similar  to  those  of  the  corresponding  phenylic  derivative  : 

0-286  gave  0-237  BaSO^.     S=ll-4. 

^i5^i4^2-^2^  requires  S=  iri9  per  cent. 

This  aa-compound  is  isomeric  with  the  «6-form,  melting  at  155 — 156° 
(corr.),  obtained  by  Dixon  (loo.  cit.,  1906)  fi'om  thiocarbimiuo-o-tolyl- 
tarbonate  and  aniline. 

1^-Tolyl  Chlorocarbonate  and  Phenylthiourea. 

Vigorous  a-.tion  took  place  between  these  constituents  in  acetone, 
the  mixture  quickly  changing  to  a  white  pulp  ;  the  yield  of  solid 
product,  apart  from  what  remained  dissolved  in  the  mother  liquor, 
amounted  to  74  per  cent,  of  the  theoretical  for  an  additive  compound. 

The  crystalline  solid  melted  with  effervescence  at  134°,  was  decom- 
posed by  water,  and  when  treated  with  an  alkaline  solution  of  lead, 
darkenel,  even  in  the  cold,  owing  to  desulphurisation  . 

0-3225  required  10-05  c.c.  AyiO  AgNOg.     CI  =  11-1. 

Cio^iAN^SjHCl  requires  CI  =  11-01  per  cent. 

On  withdrawal  of  the  combined  acid  by  means  of  calcium  carbonate, 
the  base  underwent  the  usual  change,  yielding  aa-carboxy-j9-tolylphenyl- 
thiocarbamide,  CH3-C6H4-0-CO-]Sr(C(jH.^)-CS-NH2,  in  long,  shining, 
flatteoed  prisms  melting  at  133 — 134°: 

0-286  gave  0-227  BaSO^.    S=  10-9. 

CjjHj^O.^ISr^S  requires  S  =  11-19  per  cent. 

Hot  caustic  alkali  readily  attacked  the  substance,  with  precipitation 
of  an  oil  (phenylthiocarbimide) ;  when  this  was  expelled  by  boiling,  and 
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the  residual  solution  acidified,  hydrogen  sulphide  and  carbon  dioxide 
escaped,  the  liquor  developing  the  characteristic,  penetratiug  odour  of 
p-creso\,  and  reacting  strongly  for  both  aniline  and  thiocyanic  acid. 
This  complex  decomposition  is  obviously  similar  to  that  of  the  aa-carb- 
oxyphenyl  homologue,  and  resembles  that  of  the  a6-isomeride 

CgH^Me-O-CO-NH-CS-NHPh 
(Dixon,  loc.  cit.),  melting  at   157 — 158°  (corr.),  in  every  respect,  save 
that  the  latter  yields  no  thiocyanic  acid. 


Phenyl  Chlorocarbonate  and  o-Tolylthiourea, 

The  yield  of  additive  compound,  prepared  in  warm  acetone  solution, 
reached  92  per  cent,  of  that  calculated,  the  product  being  a  white, 
crystalline  solid  melting,  when  quickly  heated,  at  98 — ^99°  with 
effervescence  : 

0-3225  required  9-95  c.c.  A7IO  AgNO,.     CI  =  10-95. 

^is^iANaSjHCl  requires  01  =  11  01  per  cent. 

By  treatment  of  the  alcoholic  solution  with  calcium  carbonate,  the 
aa-compound  was  obtained  in  brilliant,  long,  vitreous  prisms,  melting 
at  119 — 120°,  and  yielding  with  caustic  alkali,  o-tolylthiocarbimide, 
phenol,  thiocyanic  acid,  &c.  : 

0-286  gave  0-2324  BaSO^.     S=ll-2. 

C^gHj^02N2S  requires  8  =  1119  per  cent. 

This  product  is  another  isomeride  of  the  aa-compound  melting  at 
103 — 104°  already  described. 

Phenyl  Chlorocarbonate  and  Tp-Tolylthiourea. 

Nearly  70  per  cent,  of  the  calculated  yield  of  hydrochloride  was  pre- 
cipitated from  the  mixed  acetone  solutions;  the  salt  occurring  as  a 
white,  crystalline  solid  which  melted,  when  rapidly  heated,  at  108° 
with  effervescence.  The  melting  points  of  all  these  hydrochlorides  are 
influenced  largely  by  the  rate  of  heating,  a  phenomenon  which  is 
doubtless  conditioned  by  the  gradual  loss,  with  increasing  temperature, 
of  hydrogen  chloride  : 

0-3225  required  9-75  c.c.  iY/lO  AgNOg.    CI  =  10-7. 

Ci5Hi402N2S,HCl  requires  CI  =  11-01  per  cent. 

Elimination  of  the  combined  haloid  acid  by  means  of  calcium 
carbonate  in  the  cold,  fui-nished  a  solid,  which,  after  crystallisation 
from  alcohol,  formed  large,  brilliant,  flattened  prisms  melting  at  153° 
and  giving  the  reactions  of  an  «a-derivative  : 

0-286  yielded  0-2324  BaSO^.     S=  1 1-2. 

CjgHj^OgNgS  requii-es  S=  11*19  per  cent. 


_4 


1MIN0TH10CARBA.MIC   ACID    AND   THEIR    ISOMERIDES.         923 

This  substance,  aa-carboxyphenyl-;>tolylthiocarbamide,  constitutes 
the  third  strict  representative  of  its  class,  being  a  pure  position- 
isomeride  of  the  aa-carboxy-p-tolylphenylthiocarbamide,  of  m.  p. 
133 — 134°,  previously  described,  and  of  the  corresponding  a6-compound 
(.«ee  above). 

When  treated  with  hot  alkali  it  decomposes  with  formation  of 
/>-tolylthiocarbimide,  phenol,  thiocyanic  acid,  &c. 

Palmityl  Chloride  and  Thiourea. 

On  mixing  these  constituents,  dissolved  in  cold  acetone,  a  copious, 
white  precipitate  separated,  consisting  of  the  hydrochloride, 

NH2-C(NH)-S-CO-Ci^H3i,HCl  ; 
it   was  apparently  insoluble  in  cold   water,  melted  at  111 — 113°,  and 
gave,   when   treated  in   alcoholic  solution   with  alcoholic  picric  acid,  a 
bright  yello  w  ^ncraie  : 

0'3505,  fused  as  before,  required  by  Volhard's  method  9"9  c.c.   iV710 
AgNOa.     CI -10-0. 

0-3505  gave  0-226  BaSO^.     S  =  8-9. 

C17H35ON2CIS  requires  CI  =  10-13  ;  8  =  912  per  cent. 

Boiling  water  decomposed  the  hydrochloride  with  formation  of  an 
oil  which  solidified  on  cooling.  The  liquor,  when  evaporated,  left  a 
white,  crystalline  solid,  containing  thiocarbamidic  sulphur,  and  yielding 
with  ethyl  nitrite  and  ferric  chloride,  Claus'  reaction  (Annalen,  1876, 
179,  129)  for  thiourea  ;  the  solidified  oil,  when  crystallised  from  dilute 
alcohol,  separated  in  greasy  crystals,  free  from  chlorine,  nearly  free 
from  sulphur,  giving  a  soap  with  caustic  alkali,  and  melting  at 
64°  ;  this  was  obviously  palmitic  acid  (m.  p.  62°),  containing  a  trace  of 
impurity. 

The  reaction  with  water  is  therefore  similar  to  that  in  the  case 
of  the  acetyl  homologue,  NH,-C(NH)-S-COMe,HCI,  Dixon  and 
Hawthorne  {loc.  cit.). 

Palmityl  Chloride  and  rhenylildourea. 

From  the  mixed  acetone  solutions  the  hydrochloride  was  deposited 
as  a  bulky,  snow-white  precipitate  melting  at  64 — -65° : 

0-4265,  fused  with  NaOH  +  KNO3,  required  9-8  c.c.     ^V/IO  AgN03. 

Cl  =  8-16. 
0-4265,  fused  with  NaOH  +  KNO3,  gave  0-232  BaSCV    S  =  7-5. 
O23H39ON2CIS  requires  CI  =  8-32  ;  S  =  7-50  per  cent. 
Hence  the  product  was  a  molecular  additive  compound. 

When  allowed  to  stand  in  contact  with  strong  caustic  alkali,  the 
solid   was  attacked,  the  mixture,    when   acidified,  giving  with  ferric 
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chloride  a   strong  reaction    for  thiocyanic   acid,  and   thereby  .showing 
the  presence  of    aa-palmitylphenylthiocarbamide, 
CY^HgiCO-NPh-CS-NHj. 

This  compound  was  isolated  by  means  of  calcium  carbonate,  and, 
when  recrystallised  from  weak  alcohol,  formed  long  needles  melting 
at  about  74° ;  with  caustic  alkali,  it  yielded  thiocyanic  acid,  and 
hence  was  isomeric  with  the  a6-form,  produced  (Dixon,  Trans.,  1896, 
69,  1595)  from  palmitylthiocarbimide  and  aniline,  and  melting  at 
62—63°: 

0-390  gave  0-225  BaSO^.     S  =  7-9. 

CgsHggONgS  requires  S  =  8-18  per  cent. 
By  heating,  it  is  readily  converted  into  the  a6-isomeride. 

Phenylacetyl  Chloride  and  Thiourea. 

Using  acetone  solutions,  snow-white,  odourless,  flattened  prisms  were 
obtained,  the  yield  amounting  to  more  than  90  per  cent,  of  that  cal- 
culated from  the  equation  : 

CHgPh-COCl -h  NH2-C(NH)-SH  =  NH2-C(NH)-S-CO-CH2Pb,HCI. 

0-461,  fused  with   NaOH-HKNOg,   required  19-3  c.c.    A7IO  AgNOg. 
Cl  =  14-9. 

0-407,  fused  with  NaOH  +  KNO„  gave  0-409  BaSO^.    S  =  13-8. 
C9HioON2S,HCl  requires  CI  =  1540  ;  S  =  13-88  per  cent. 

The  hydrochloride  melted  at  81 — 82°;  by  dissolution  in  hot  water  it 
was  almost  completely  decomposed  into  hydrochloric  acid,  phenylacetic 
acid,  and  thiourea  : 

0*2305,  dissolved  in  a  little  hot  water,  required  for  neutralisation 
18*5  c.c.  iV710  KOH,  but  on  diluting  to  about  500  c.c.  19-8  c.c.  were 
required,  the  calculated  amount  for  two  equivalents  being  20  c.c. 

By  dropping  a  freshly-prepared,  concentrated  solution  into  aqueous 
picric  acid,  a  bright,  orange-yellow  picrate  was  obtained  in  fine  needles, 
free  from  chlorine,  and  melting  at  107 — 108°  with  decomposition;  this 
salt  is  dissociated  by  hot  water. 

Phenylacetyl  Chloride  and  Phenylthiourea. 

The  constituents  united  vigorously  in  warm  acetone  ;  by  recrystal- 
lisation  from  this  solvent  the  product  was  obtained  as  a  bulky,  snow- 
white  solid  melting  at  130 — 131°  : 

0-542,  fused    with    NaOH,  kc,   required    17-9  c.c.   iV/10  AgNOa. 

Cl  =  ll-7. 
0-3065  gave  02292  BaSO^.     S  =  10-3. 

CisHj^ONoSjHCl  requires  CI  =  11-58  ;  S=  10-44  per  cent. 
The  hydrochloride  was  soluble  in  alcohol,  nearly  insoluble  in  cold 
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water,  but  apparently  decomposed  by  it,  the  mixture  yielding  no 
reaction  for  thiocyanic  acid.  By  contact  with  strong  caustic  alkali  it 
was  readily  attacked,  with  formation  of  thiocyanic  acid,  and  hence 
with  production  of  «a-phenylacetylphenylthiocarbamide ;  the  «6-com- 
pound  when  thus  treated  yields  no  thiocyanic  acid. 

The  aa-dei'ivative  was  isolated  by  shaking  a  cold  alcoholic  solution 
of  the  hydrochloride  with  excess  of  calcium  carbonate,  the  filtrate,  on 
spontaneous  evaporation  yielding  beautiful,  vitreous,  rhombic  crystals. 
These  were  freed  from  a  trace  of  phenylthiourea  by  treatment  with 
cold  chloroform,  in  which  the  latter  is  practically  insoluble  ;  on 
evaporating  the  solvent  and  crystallising  the  residue  from  alcoholj 
long,  colourless  pi-isms  were  obtained  melting  at  113 — 114°  (corr.)  : 

0-27  gave  0-2352  BaSO^.     S  =  120. 

OijH^^ON^S  requires  S=  11'86  per  cent. 

The  product  was  insoluble  in  water,  moderately  soluble  in  hot 
alcohol,  and  freely  so  in  chloroform.  It  was  desulphurised  im- 
perfectly by  boiling  with  alkaline  lead  tartrate,  and  when  heated 
with  alkali  yielded  a  turbid  mixture  reacting  strongly  for  thiocyanic 
acid,  consequently  it  is  isomeric  with  the  a6-phenylacetylphenyl- 
thiocarbamide,  CEgPh-CO-NH-CS-NHPh,  of  m.  p.  109  —  110°,  ob- 
tained by  Dixon  (Trans.,  1896,  69,  866)  from  phenylacetylthio- 
earbimide  and  aniline. 

Action  of  Heat  on  a,Vi-Phenylacetylp?ienylthiocarba7nide. — A  quantity 
was  melted  and  kept  for  two  hours  at  110°.  No  effervescence  occurred, 
and  the  loss  of  weight  was  immaterial  (less  than  0"5  per  cent.);  the 
cooled  fusion,  a  resin,  was  dissolved  in  cold  chloroform,  the  solution 
after  spontaneous  evaporation  leaving  a  white  solid,  which  on  crystal- 
lisation from  alcohol  separated  in  tufts  of  lustrous,  white  prisms, 
containing  thiocarbamidic  sulphur,  but  giving  no  reaction  for  thio- 
cyanic acid  when  treated  with  hot  alkali.  Its  mixtui*e  with  the 
original  aa-compound  melted  indistinctly  between  90°  and  102°;  on 
the  other  hand,  when  three  tubes,  charged  respectively  with  (1)  the 
above  substance,  (2)  a  specimen  of  a6-phenylacetylphenylthiocarbamide, 
prepai-ed  from  the  corresponding  thiocarbimide  and  aniline,  and  (3)  a 
mixture  in  equal  parts  of  (1)  and  (2)  were  attached  to  the  same 
thermometer,  they  all  melted  sharply  at  the  same  moment  at 
109 — 110°  (corr.).  Consequently,  the  product  was  a6-phenylacetyl- 
phenylthiocarbamide. 

Now  the  original  hydrochloride,  when  treated  with  picric  acid, 
yields  a  picrate  and  hence  contains  a  basic  form,  whilst  neither  the 
aa-  nor  the  aft-derivative  reacts  with  picric  acid.  The  phenylacetyl 
group,  therefore,  primarily  attached  to  sulphur,  leaves  it  when  the 
base   is   liberated  at   the   ordinary  tempex'ature,    and    passes   to   the 
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phenylated  nitrogea  atom,  yielding  a  compound  stable  enough  to 
admit  of  crystallisation  from  boiling  alcohol,  but  undergoing  a  second 
transposition  at  its  melting  point:  PhNH-U(NH)-S-C0-CH2Ph,HCl  — > 
PhCH2-CO-NPh-C,S-Nll2  — >  PhCng-CO-NH-CS-NHPh. 


Phenylbenzylcarhamic  Chloride  and  Phenylthiourea. 

Tn  a  recent  paper  (Dixon  and  Hawthorne,  loc.  cit.)  it  was  shown 
that  disubstituted  carbamic  chlorides,  when  heated  with  thiourea, 
yield  molecular  additive  compounds,  the  hydrochlorides  of  bases, 
NH2*C(Nir)*S'C0*NXY,  the  nitrates  and  picrates  of  which  are 
sufficiently  stable  to  allow  of  their  being  recrystallised  from  boiling 
water.  The  bases,  however,  being  attacked  with  great  ease  by  dilute 
alkali  were  not  isolated  ;  they  are  isomeric  with  certain  thiobiurets  of 
the  form,  NXY-C0-NH-C!S-NH2,  prepared  by  Dixon  (Trans.,  1899, 
75,  388)  from  disubstituted  carbamylthiocarbimides  and  ammonia. 
It  x-emained  now  to  be  learned  whether  substituted  thioureas  also 
would  unite  with  these  carbamic  chlorides. 

Phenylbenzylcarhamic  chloride  and  phenylthioui'sa  were  selected  for 
experiment. 

Unsatisfactoi'y  results  were  obtained  on  fusing  the  constituents 
together  directly ;  the  chloride  was  therefore  dissolved  in  benzene 
and  the  solution  heated  with  one  molecular  proportion  of  the  thiourea, 
using  a  reflux  condenser ;  in  these  circumstances  carbonyl  sulphide 
was  evolved  and  a  pasty  solid  left.  By  means  of  acetone  this  was 
separated  into  benzylaniline  hydrochloride  and  a  tenacious  .syrup, 
almost  free  from  sulphur,  and  consisting  probably  of  phenyl- 
cyanamide,  BzPhN-COCl  +  PhNH-C(NH)-SH  =  BzPhNH.HCl  + 
COS  +  PbNH-CN. 

This  unexpected  result,  namely,  desulphurisation  of  the  thiourea, 
recalls  a  somewhat  analogous  change  observed  with  phenylmethyl- 
earbamic  chloride  and  thiocarbanilide  •  these  substances,  when  gently 
heated  together,  decomposing  with  evolution  of  carbonyl  sulphide  and 
production  of  phenylthiocarbimide,  together  with  the  hydrochloride  of 
ti'iphenylguanidine  (loc.  cit.,  405). 

The  previous  experiment  was  repeated  by  heating  phenylbenzyl- 
carhamic chloride  and  phenylthiourea  with  acetone  for  some  days 
at  40 — ^45°,  but  although  interaction  took  place,  no  additive  compound 
could  be  isolated  from  the  viscid  reaction  product. 

In  the  paper  by  Dixon  and  Hawthorne,  cited  above,  is  mentioned 
the  failure  of  attempts  to  prepare  from  the  hydrochloride, 

PhN-C(NH)-S-COPh,HCl, 
the  aa-derivative,  PhN(C0Ph)-CS-NH2. 

That  this  substance  existed  in  the  material  left  on  elimination  of 
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the  combined  halogen  acid  was  inferred  from  the  fact  that  after  treat- 
ment with  caustic  alkali  it  yielded  the  reaction  for  tbiocyanic  acid. 
Yet  on  recrystallisation  the  only  product  which  separated  was  the 
a6-compound,  the  mother  liquor  giving  an  enfeebled  tbiocyanic  reaction 
with  potash ;  the  solid  residue,  obtained  by  evaporating  this  liquor 
when  again  crystallised,  yielded  more  of  the  afi-derivative,  but  the 
solution  now  gave  pi-actically  no  tbiocyanic  reaction  with  alkali. 

As  a  reason  for  the  gradual  extinction  of  the  power  of  yielding 
tbiocyanic  acid,  it  was  conjectured  that  the  benzoyl  group  might 
possess  so  free  a  mobility  that  the  mere  warming  necessary  for 
recrystallisation  might  be  sufficient  to  cause  its  transference  from  the 
phenylated  to  the  non-substituted  nitrogen  atom,  thus  : 

PhN(C0Ph)-CS-NH2     — >     PhNH-CS-NH(COPh) ; 
at  the  time  it  was  not  possible  to  test  this  experimentally. 

In  dealing  with  this  hydrochloride,  whether  the  halogen  acid  was 
removed  by  sodium  ethoxide  or  by  calcium  carbonate  (both  methods 
were  tried),  the  salt  was  previously  dissolved  in  nearly  absolute 
alcohol  which  effected  considerable  dissociation  (into  benzoic  acid, 
hj'drochloric  acid,  and  phenylthiourea),  and  hence  it  was  necessary  to 
separate  these  by-products  from  the  «a-compound  formed,  a  process 
obviously  both  circuitous  and  wasteful.  With  the  view  of  achieving 
more  directly  the  production  of  the  substance  i-equired,  we  now  had 
recourse  to  Hugershoff's  method,  namely,  interaction  of  the  thiourea 
and  the  acid  anhydride. 

Benzoic  Anhydride  and  Phenylthiourea. 

When  phenylthiourea  was  heated  on  the  water-bath  with  a  slight 
excess  of  benzoic  anhydride  until  the  mixture  became  clear,  the 
product  (which  at  first  gave  the  tbiocyanic  reaction),  after  two 
recrystallisations  from  alcohol,  formed  vitreous  prisms  melting  at 
145 — 146°  (uncorr.) ;  these  gave  no  trace  of  tbiocyanic  acid  with 
caustic  alkali,  and  consisted  no  doubt  of  «6-benzoylphenylthiocarb- 
amide,  COPb-NH-CS-NHPb. 

Benzoic  Anhydride  and  ip-Tolylthiourea. 

It  being  evident  from  the  last  result  that  if  an  «a-compound  had 
been  formed  at  all  the  benzoyl  group  must  then  have  changed  its 
position,  the  experiment  was  repeated  at  a  lower  temperature.  More- 
over, as  in  the  previous  experiments  {loc.  oil.),  attempts  to  prepare 
a  hydrochloride  from  phenylthiourea  had  been  unsuccessful,  the 
hydrochloride  actually  obtained  being  that  derived  from  ^j-tolylthio- 
urea,  the  latter  was  now  selected  for  examination. 

In  the  first  test,  p-tolylthiourea  was  heated  with  benzoic  anhydride 
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at  80°  ;  in  about  ten  minutes  the  mixture  began  to  give  the  reaction 
with  caustic  alkali  for  thiocyanic  acid  ;  it  did  not  clear,  however,  and 
after  a  little  more  than  an  hour  the  pasty,  brown  melt  was  crystal- 
lised from  alcohol.  The  material  deposited  gave  no  thiocyanic  reaction, 
and  consisted  of  pure  a6-benzoyl-/>-tolylthiocarbamide ;  the  liquor 
from  this  gave  the  reaction,  but  on  concentration  yielded  only  the 
rtft- compound. 

The  trial  was  repeated  at  a  temperatuie  not  exceeding  60°;  in  these 
circumstances  interaction  occurred  slowly  and  imperfectly,  the  semi- 
fused  product  giving  the  thiocyanic  reaction  for  an  aa  compound. 
l!ut,  as  before,  the  only  substance  which  could  definitely  be  isolated  was 
a6-benzoyl-;>tolylthiocarbamide.  From  those  results  it  would  appear 
that  the  aa-compound  is  formed  by  the  interaction  of  the  constituents 
named,  but  that  at  the  temperature  of  this  i-eaction  considerable 
change  occurs  in  the  aJ-form,  and  that  by  recrystallisation  from 
alcohol  the  same  change  is  easily  completed.  It  is  curious  that  the 
benzo3'l  group,  in  spite  of  a  relatively  high  combining  weight,  should 
exhibit  mobility  in  a  much  higher  degree  than  acetyl,  propionyl,  <fec. 

For  convenience  and  in  order  to  collect  the  somewhat  scattered 
literature  of  the  subject,  a  list  is  subjoined  of  the  basic  acyl-i//-thio- 
nrea  forms  now  known  as  .salts,  and  of  their  i.-omerides,  the  acylthio- 
ureas,  together  with  the  respective  melting  points  and  references  to 
original  papers. 

Table  I  includes  the  hydrochlorides  of  acyl  i/^-thioureas, 
2^H2-C(NH)-SR, 


Table  I. — Monosuhstilution  Derivatives. 


Acyl-^z-thiourea  (hydrochloride). 


Melting 
point. 


Acetyl,  CH/CO     i  109° 

Palmityl,  CisHai'CO 111—113° 

rhenylacetyl,  PhCHo-CO    ,  82° 

Benzoyl,  PhCO '  116 

Carboxymethyl,  MeO'CO     '  90 

Carboxyeihyl,  EtQ-CO      117 

Carboxyphenyl,  PhO'CO 130 

Diplienylcarbarayl,  PhoN-CO 183 

About 
Phenylinethylcarbarayl,  MePliN'CO        175 

Phenylethylcarbamyl,  EtPhN-CO  . . .        160 


Observer 

M.  p.  of 

Observer 

and 

acylthio- 

and 

rt^ference. 

urea. 

reference. 

C.  D.  and  H. 

165° 

N.  and  L. 

D.  and  T. 

— 

— - 

D,  and  H. 

170 

Pk. 

D.  (i) 

166 

Do.  (i) 

PI.,  D.  (i) 

140 

Do.  (ii) 

D.  (ii) 

175 
(corr.) 

D.  (li) 

D.  and  H. 

183 
(corr.) 

D.  (iii) 

9) 

167 
(corr. ) 

)i 

" 

148 
(corr. ) 

) » 
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and    the    corresponding    acyl thioureas,    NHR*C(NH)'SH    (where    R 
represents  the  acyl  group). 

Table  II  comprises  disubstitution  isomerides  of  the  form  (i) 
NHX-C(NH)-SR,HCI,  (ii)  NXR-CS-NH2,  and  (iii)  NHR-CS-NHX 
(where  X  indicates  a  hydrocarbon  radicle  and  R,  as  before,  an  acyl 
group). 

Table  II. — Disubstitution  Derivatives. 


(i). 

(ii). 

(iii). 

-^o 

Groups  included. 

Observer 
and 

Observer 
and 

Observer 
and 

Z^'^ 

reference. 

ii.o 

reference. 

«^=| 

reference. 

°s| 

^  e 

lir^   rO 

-^  t-  "t: 

<5   s 

^  e 

R. 

X. 

Acetyl 

Phenyl 

94° 

D.  and  H. 

139° 

Hu. 

173° 

M.  (i),  S. 

>) 

o-Tolyl 

96 

>> 

140 

,, 

184 

D.  (iv) 

??-Tolyl 

103 

)» 

137 

>) 

176 

M.  (ii) 

Pal'raityl 

Phenyl 

65 

D.  and  T. 

74 

D.  and  T. 

63 

D.  (V) 

Benzoyl 

2?-TolyI 

138 

D.  and  H. 

— 

— 

159 

M.  (i),  D. 
andH. 

Phenylacetyl 

Phenyl 

131 

D.  and  T. 

114 
(corr. ) 

D.  and  T. 

110 

D.  (vi) 

Carboxymethyl 

Phenyl 

87 

D.  (i) 

167 
(corr. ) 

D.  (i) 

158 

Do.  (i) 

>) 

o-Tolyl 

93 

)> 

176 
(corr. ) 

" 

172 

" 

!) 

p-Tolyl 

solid 

" 

176 

(corr.) 

" 

158 

" 

Carboxyethy] 

Phenyl 

syrup 

D.  and  T. 

133 

D.  and  T. 

130 

Do.  (ii) 

>> 

o-Tolyl 
j»-Tolyl 

" 

150 
147 

" 

152-5 
149 

" 

Carboxyphenyl 

Phenyl 

116° 

,, 

145 

,, 

149 

Do.'(iii) 

" 

o-Tolyl 

99 

120 

" 

165 
(corr. ) 

D.  (ii) 

>) 

^-Tolyl 

108 

>) 

153 

" 

145 
(corr.) 

" 

Carboxy-o-tolyl 

Phenyl 

114 

" 

104 

" 

156 
(corr.) 

" 

Carboxy-^-tolyl 

Phenyl 

134 

" 

134 

" 

158 
(corr. ) 

)) 

C.=  Glaus,  Bcr.,  1875,  8,  42  ;  D.  (i)  =  Dixon,  Trans.,  1903,  83,  550  ;  D.  (ii)  = 
Trans.,  1906,  89,  892  ;  D.  (iii)  =  Trans.,  1899,  75,  388  ;  D.  (iv)  =  Trans.,  1889, 
55,  304;  D.  (v)  =  Trans.,  1896,  69,  1595;  D.  (vi)  =  Trans.,  1896,  69,  866; 
D.  and  H.  =  Dixon  and  Hawthorne,  Trans.,  1907,  91,  122  ;  D.  and  T.  =  Dixon 
and  Taylor,  this  paper;  Do.  (i)  =  Doran,  Trans.,  1901,  79,  906  ;  Do.  (ii)  =  Trans., 
1896,  69,  324  ;  Do.  (iii)  =  Trans.,  1905,  87,  343  ;  Hu.  =  Hugershoff,  Ber.,  1899, 
32,  3649  ;  M.  (i)  =  Mir^uel,  Ann.  Chim.  Phys.,  1877,  [v],  11,  318  ;  M.  (ii)  =  Bull. 
Soc.  chim.,  1877,  [ii],  28,  103  ;  N.  and  L.  =  Nencki  and  Leppert,  Ber.,  1873,  6, 
905;  Pk.  =  Pike,  Ber.,  1873,  6,  755;  PI.  =  Pawlewski,  Ber.,  1888,  21,  402; 
S.  =  R.  Schiff,  Ber.,  1876,  9,  570. 
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Conclusions. 

Although  the  number  of  cases  hitherto  examined  is  not  suflficient  to 
warrant  the  laying  down  of  general  principles,  still  the  following 
appear  to  hold,  and,  pending  further  observation,  are  here  advanced 
provisionally. 

(1)  All  definitely  acid  chlorides  containing  the  group  'COCl, 
united  to  a  hydrocarbon  radicle,  either  directly  or  through  the  inter- 
vention of  an  oxygen  atom,  combine  with  thiourea  or  its  non-acidic 
monosubstitution  derivatives,  yielding  in  each  case  the  hydrochloride 
of  a  pseudo-iovm, 

NH,-C(NH)-S-COR, 

where  R  represents  the  hydrocarbon  or  oxyhydrocarljon  radicle. 

(2)  Where  R  is  aliphatic  in  general  character,  the  withdrawal  of 
the  combined  acid  leads  to  the  formation  of  the  corresponding  base, 
which  at  the  ordinary  temperature  is  unstable,  the  acyl  group  leaving 
the  molecule,  if  this  is  non-substituted  (that  is,  derived  from  thio- 
urea) ;  but  if  it  is  substituted,  then  migrating,  in  a  short  time,  but 
not  necessarily  at  once,  to  that  nitrogen  atom  united  with  the  sub- 
stituting group,  to  form  an  aa-disubstituted  thiourea  or  thiocarbamide. 
The  latter  is  of  moderate  stability,  but  changes  again  when  melted, 
the  acyl  radicle  now  passing  into  union  with  the  nitrogen  atom  pre- 
viously non-substituted  to  yield  a  symmetrical  disubstituted  thio- 
carbamide. In  other  words,  a  certain  thiourea  molecule  may  exist 
successively  in  three  forms,  namely  (see  Trans.,  1895,  67,  564),  (i) 
acyl-i//-v-arylthiourea,  (ii)  v-acylaryl thiourea  (or  aa-acylarylthiocarb- 
amide),  and  (iii)  a-acyl-6-arylthiocarbamide. 

(3)  Where  R  =  phenyl,  the  form  (ii)  above  represents  a  stage  of 
low  stability,  the  product,  on  very  slight  rise  of  temperature,  passing 
into  form  (iii). 

(4)  Where  R  is  united  to  CO  through  an  oxyg6n  atom,  the  whole 
group  RO'CO*  becomes  electropositive  (as  compared  with  R*CO") ; 
in  these  circumstances  the  withdrawal  of  hydrochloric  acid  from  the 
hydrochloride  XNH-C(NH)-S-C02R,HC1  leads  as  before  to  the  pro- 
duction of  the  above  form  (ii),  but  with  this  increasing  basicity  of  the 
"acyl"  group  its  resistance  to  transfer  becomes  more  marked,  the 
compound,  when  cautiously  fused,  undergoing  but  little  change ;  if 
the  temperature  is  raised,  disruption  of  the  molecule  occurs.* 

(5)  If  the  "acyl"  group  be  of  the  comparatively  basic  form, 
XYJST'CO'  (where  X  and  Y  are  purely  hydrocarbon  radicles),  the 
compound  XYN'COCl  can  yield  a  hydrochloride  with  thiourea,  but 

*  Distinctly  electropositive  groups,  namely,  hydrocarbon  radicles,  are  not  kuowu 
to  undergo  movement  from  the  aa-  to  the  ab-ioxm.  in  thiocarbamides. 
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hitherto  no  similar  compound  has  been  obtained  with  its  substitution 
derivatives ;  moreover,  the  products  with  thiourea  itself  are  decom- 
posed readily  with  formation  of  the  secondary  amine  corresponding  to 
the  disubstituted  carbamic  chloride. 

It  is  proposed  to  extend  the  study  of  these  combinations  so  as  to 
include  other  classes  both  of  acylogens  and  of  substituted  thiocarb- 
amides. 

Queen's  College, 
Cork, 


LXXXVI. — The     Chemical     Action     of    the     Radium 
Emanation.     Part  I.     Action  on  Distilled   Water. 

By  Sir  William  Ramsay,  K.O.B.,  F.R.S. 

The  emmation  from  radium  is  one  of  the  most  potent,  if  not  the  most 
potent  chemical  agent  which  exists  in  nature.  Of  all  known  substances 
it  is  endowed  with  the  greatest  content  of  potential  energy  :  for  one 
cubic  centimetre  contains,  and  can  evolve,  nearly  three  million  times 
as  much  heat  as  an  equal  volume  of  a  mixture  of  two  volumes  of  hydro- 
gen with  one  of  oxygen.  The  spontaneous  change  which  it  undergoes, 
moreover,  is  accompanied  by  the  emission  of  an  immense  number  of 
corpuscles,  expelled  with  a  velocity  approaching  that  of  light  in 
magnitude,  and  which  have  a  remarkable  influence  on  matter.  For 
some  years  I  have  been  engaged  in  studying  its  chemical  action,  and 
in  this  memoir  I  shall  attemjjt  to  describe  its  action  on  pure  water. 

Since  the  discovery  of  this  gas  by  Dorn  in  1900,  it  has  been  the  sub- 
ject of  mmy  researches,  physical  for  the  most  part.  What  we  know 
of  its  properties  can  be  told  in  a  few  words. 

It  is  a  gcis  of  unknown,  but  probably  considerable  density  (Ptuther- 
ford  and  Miss  Brooks,  Trans.  Roy.  Soc.  Canada,  1901),  which 
unceasingly  escapes  from  salts  of  radium,  pi-eferably  dissolved  in 
water.  Its  most  remarkable  property  is  its  spontaneous  change 
into  helium  (Ramsay  and  Soddy,  Froo.  Roy.  Soc,  1903,  72,  204,  and 
1904,  73,  346)  and  other  products  (radium  A,  B,  C,  kc.) ;  the 
latter  also  possess  a  limited  life ;  it  is  supposed  that  i-adium  F  is 
identical  with  polonium.  The  emanation  obeys  Boyle's  law  ;  its 
spectrum  was  examined  by  Ramsay  and  Collie  {ibid.,  1901,  73, 
470).  Attempts  have  been  made  to  determine  its  density  by 
measuring  its  rate  of  diffusion,  and  so  to  gain  knowledge  of  its 
molecular  weight ;  the  results  of  such  experiments  are  somewhat  un- 
satisfactory, but  appear  to  indicate  a  density  of  about  100,  and  a  con- 

3  Q  2 
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sequent  molecular  weight  of  about  200.  It  resists  attack  by  all 
chemical  agents  which  have  been  tried  ;  like  argon  and  its  congeners, 
it  is  unaffected  by  sparking  with  oxygen  in  presence  of  caustic  potash 
or  by  prolonged  contact  with  a  red  hot  mixture  of  magnesium  dust 
and  lime ;  it  would  therefore  appear  to  belong  to  the  helium  group  of 
elements.  If  this  be  so,  its  atomic  weight  and  its  molecular  weight 
should  be  identical,  for  its  molecule  is  probably  monatomic.  Perhaps 
its  atomic  weight  is  approximately  2165,  for  the  mean  difference 
between  five  pairs  of  elements,  of  which  one  example  is  tin  and  lead, 
is  88'5  ;  and  this  number,  added  to  the  atomic  weight  of  xenon,  128, 
gives  216  5.  The  number  216'5  would  correspond  approximately  to  a 
density  of  100. 

It  can  be  condensed  by  cooling  it  to  -  185'^  by  means  of  liquid  air 
(Rutherford  and  Soddy,  Phil.  Mag.,  1903,  [vi],  5,  561).  Rutherford 
and  Soddy  state  that  it  is  non-volatile  at  temperatures  a  few  degrees 
below  150°  J  but  it  must  certainly  possess  a  vapour  pressure  even  at 
—  185°,  for  when  a  complete  vacuum  is  made  over  the  fx-ozen  emana- 
tion, in  pumping  off  other  gases,  luminous  bubbles  travel  down  the 
fall-tube  of  the  Topler  pump. 

It  emits  only  a-rays  ;  and  its  rate  of  half -decay  is  3*71  days 
(Rutherford),  3-99  (Curie),  and  3'86  (Sackur).  The  Curies  discovered 
that  radium  continually  evolves  heat ;  and  Rutherford  has  shown  that 
the  major  part  of  the  heat  is  due  to  the  disintegration  of  the  emanation  ; 
the  emanation  given  off  by  a  gram  of  radium  in  an  hour  evolves  about 
75  calories.  This  heat  owes  its  origin,  not  only  to  the  disintegration  of 
the  emanation,  but  also  to  the  spontaneous  change  of  several  of  its  pro- 
ducts. The  total  heat  evolved  during  the  life  of  a  cubic  centimetre  of 
emanation  is  close  on  7  million  gram-calories.  Now,  the  heat  evolved 
on  explosion  of  a  cubic  centimetre  of  a  mixture  of  hydrogen  and 
o^yg^n  in  theoretical  quantity  is  about  3  calories  ;  it  follows  that 
during  its  disintegx'ation  the  emanation  emits  nearly  2|  million 
times  as  much  heat  as  that  of  an  equal  volume  of  hydrogen  and  oxygen 
combining  with  explosion  to  form  water. 

It  was  with  the  design  of  applying  this  enormous  store  of  energy 
that  the  experiments  about  to  be  chronicled  were  begun,  about  two 
years  ago.  The  quantity  of  radium  at  my  disposal  has  varied  from 
time  to  time,  for  it  was  in  use  for  other  experiments. 

1.  The  Evolution  of  Heat  by  the  Radium  Emanation. — Although 
Rutherford  has  made  a  quantitative  estimation  of  the  amount  of  heat 
evolved  from  the  emanation,  a  qualitative  confirmation  will  here  be 
given  ;  any  confirmatory  evidence  has  some  value. 

Two  thermometers  were  constructed  ;  one,  an  ordinary  thermometer, 
the  scale  of  which  registered  tenths  of  degrees  ;  the  bulb  of  the  other 
was  hollow,  so  that  a  quantity  of  the  emanation,  mixed  with  hydrogen, 
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could  be  introduced  into  a  chamber  surrounded  by  the  mercury  of  the 
thermometer.  The  two  thermometers  were  carefully  compared.  They 
were  placed,  after  filling  the  hollow  bulb  of  the  one  with  the  emanation 
obtained  in  five  days  from  162  milligrams  of  radium  bromide,  in  two 
silvered  vacuum  vessels,  and  they  rested  in  cotton-wool,  with  which  the 
vacuum  vessels  were  lightly  packed.  These  vessels  were  placed  side 
by  side  in  a  room  of  which  the  temperature  remained  nearly  constant. 
The  following  table  gives  the  differences  between  the  two  temper- 
atures ;  needless  to  say,  that  of  the  thermometer  containing  the  eman- 
ation was  the  higher  : 

Date— Nov 20.       21.       22.       23.       24.       25.      26.      27.    .28.      29.       30. 

DilTerence    0-52°  0-73°  0-63'  0-53°  0-48°  0-34°  0-25°  0-2.3"  019"  0-16°  0-]3° 

Date— Dec...        1.         2.         3.         4.        5.  6.  7.  8.  9.  10. 

Difference    ...     O'lS"  0-13°  0-12°  O'lO"  O'O"  -0-01"  -0-0.3"  +0-03°  -0-01°  +0-02° 

These  figures  show  incontestably  that  the  emanation  evolves  heat 
during  its  change,  and  that  the  amount  liberated  decreases  from  day  to 
day. 

2.  The  Relative  Amounts  of  Oxygen  and  Hydrogen  Evolved,  along  with 
Emanation,  by  the  Action  of  Radium  Bromide  on  Water. — Giesel 
{Ber.,  1902,  35,  360;  also  1903,  36,  347)  was  the  first  to 
observe  this  decomposition  ;  Bodlander  found  the  gaseous  mixture 
to  contain  12  per  cent,  of  oxygen  and  88  per  cent,  of  hydrogen; 
the  excess  of  hydrogen  was  64  per  cent.  Later,  Ramt-ay  and 
Soddy  {loc.  cit.)  found  29  "8  per  cent,  of  oxygen  and  70'2  per  cent, 
of  hydrogen;  the  excess  of  hydrogen  is  106  per  cent.  Whence  comes 
this  excess?  They  ascribe  it  to  the  oxidation  of  the  grease  of  the  stop- 
cock ;  but  that  danger  was  avoided  in  the  work  of  which  an  account 
will  be  given.  The  following  experiments  were  made  in  the  hope  of 
solving  this  problem. 

The  first  question  to  be  answei-ed  was  :  Does  radium  bromide  evolve 
gas  when  dissolved  \  A  very  pure  sample  of  bromide,  bought  from 
Biichner  &  Co.,  of  Brunswick,  was  employed.  It  is  worth  noting  that 
five  samples  of  bromide,  bought  from  that  firm  at  different  times, 
all  had  the  same  relative  discharging  power  on  an  electroscope,  as 
measured  by  the  ^-rays  evolved,  and  the  natural  conclusion  is  that 
they  all  possessed  the  same  degree  of  purity.  The  volume  of  the  gas 
obtained  from  the  sample  used  (which  weighed  50  milligrams),  on 
dissolving  it  in  water,  was  0'1444  c.c. ;  after  explosion  the  volume 
was  0'0477  c.c. ;  the  residue  consisted  solely  of  hydrogen,  mixed  with 
a  trace  of  helium,  the  latter  detected  by  its  spectrum.  Now,  crystalline 
bromide  probably  contains  two  molecules  of  water,  which  should  be 
resolved  into  oxygen  and  hydrogen  by  the  action  of  the  radium.  The 
excess  of  hydrogen  is  33  per  cent.,  and  it  must  be   supposed    that 
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the  gases  were  occluded   by   the   biomide  and   li>)erated  on  its  being 
dissolved. 

The  next  experiments,  made  at  considerable  intervals  of  time,  show 
the  yield  of  "electrolytic  gas,"  with  the  excess  of  hydrogen,  obtained 
from  varying  amounts  of  radium  bromide  : 


Weight  of 

Time  of 

Vc 

lume 

)or 

Excess  of 

Kdl5r2,2H20 

collection 

Volume  of 

gra 

m  y)er 

100 

hydrogen 

gnmi. 

in  hours. 

gas  in  CO. 

hours  in 

3.C. 

per  cenl". 

1. 

0-0600 

96i 

1-67 

28-0 

14-50  * 

2. 

0-0600 

168 

2-88 

28-6 

4.44 

3! 

0-1090 

240 

8-91 

34-0 

3-65 

4. 

0-1090 

196i 

6-86 

32-1 

13-90* 

5. 

0-1090 

336 

16-43 

44-9 

6-13 

6. 

0-0700 

192 

2-57 

19-1 

1600* 

7. 

0-1000 

168 

5-09 

30-3 

3-76 

8. 

0-1000 

168 

493 

29-3 

7-23 

9. 

0-1620 

48 

3-18 

41-8 

7-83 

Mean     32-0         Mean     5-51 
*  TIic  quantities  marked  witli  an  asterisk  had  remained  in  contact  with  mercury 
for  a  night,  hefore  being  measured.     They  have  been  omitted  in  taking  the  mean. 

The  inequality  in  these  results  may  be  accounted  for  by  several 
considerations.  First,  the  emanation  is  soluble  in  water,  and  it 
decomposes  water ;  hence,  if  the  gases  remain  in  contact  with  the 
solution,  more  wafer  is  decomposed  than  if  they  are  removed  by  the 
pump  shortly  after  their  liberation.  Second,  the  emanation  causes 
recombination  of  hydrogen  and  oxygen  at  a  rate  which  depends  on 
the  amount  present,  and  probably  on  the  temperatui-e.  Third,  the 
emanation  causes  oxygen  to  attack  mercury  when  they  are  left  in  con- 
tact.    The  following  special  experiment  illustrates  this  fact. 

The  initial  volume  of  a  mixture  of  emanation  with  pure  oxygen  was 
2'13  c.c.  ]  after  being  kept  for  five  days  over  mercury  it  h;id  decreased 
to  1-97  c.c,  and  the  surface  of  the  mercury  had  become  coated  with  a 
white  deposit,  which  gradually  changed  to  red,  and  appeared  to  consist 
of  mercuric  oxide.  A  similar  experiment  with  hydrogen  left  the  sur- 
face of  the  mercury  undimmed. 

For  these  experiments  on  the  volume  of  "  electrolytic "  gas  pro- 
duced by  the  emanation,  the  radium  bromide  was  dissolved  in  water 
in  little  bulbs,  sealed  to  a  common  tube  connected  with  a  Topler 
pump.  To  prevent  possible  leakage,  after  each  removal  of  gas  the 
reservoir  of  the  pump  was  raised  so  as  to  cause  the  mercury  to  leak 
past  the  valve  and  to  pass  a  stop-cock  closing  the  tube  connected  with 
the  bulbs ;  the  gases  were  thus  confined  by  mercury  and  did  not  come 
into  contact  with  the  grease  of  the  stop-cock.  The  entrance  tube  to 
the  pump  was  capillary,  and  so  the  surface  of  contact  of  gas  and 
mercury  was  very  small  ;  the  excess  of  hydrogen  cannot  be  ascribed  to 
the  attack  of  the  mercury.     Even  in  experiments  1,  4,  and  6,  when  the 
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gases  remained  for  a  night  in  contact  with  a  large  surface  of  mercury 
in  the  collecting  tube,  of  1'5  cm.  diameter,  the  mercury  was  not  much 
attacked.  The  arrangement  prevented  the  attack  of  the  grease  by  the 
oxygen  in  presence  of  emanation ;  before  it  was  adopted,  carbon 
dioxide  was  always  detected  spectroscopically,  but  after  its  adoption 
none  was  present. 

To  account  for  the  excess  of  hydrogen,  several  hypotheses  may  be 
suggested.  It  is  conceivable  that  hydrogen  may  be  one  of  the 
products  of  disintegration  of  radium  ;  but  it  is  very  improbable  that 
it  should  be  formed  in  such  large  amount.  An  experiment  may  be 
cited  here  which  bears  on  the  subject.  A  bulb  containing  17  milli- 
grams of  radium  bromide  was  sealed  to  the  pump.  The  colour  of 
the  bi'omide  was  chocolate-brown,  but  some  hours  after  a  vacuum  had 
been  made  its  colour  changed  to  white,  and  it  appeared  to  have  dried. 
After  standing  for  a  day,  a  little  gas  was  pumped  off ;  it  did  not 
explode  on  passing  a  spark,  but  after  it  had  been  mixed  with  half  its 
volume  of  oxygen,  a  spark  caused  explosion,  and  there  was  no  visible 
residue.  Some  days  later,  a  second  bubble  was  extracted :  when 
introduced  into  a  vacuum-tube,  it  showed  the  spectrum  of  hydrogen ; 
a  week  later  no  gas  could  be  pumped  off. 

It  is  well  known  that  minerals  containing  thorium  and  uranium 
always  contain  helium  (Ramsay  and  Travers,  Proc.  Roy.  Soc,  1897, 
62,  328)  ;  and  some  months  after  the  discovery  of  helium  an  attempt 
was  made  to  ascertain  whether  the  helium  existed  in  a  state  of 
combination  with  one  of  the  coustitvients  of  the  mineral.  Several 
experiments  were  made  in  which  the  mineral  was  heated  with  hydro- 
chloric or  sulphuric  acid,  and  the  ratio  of  the  hydrogen  to  the  helium 
in  the  liberated  gas  was  determined.  The  problem,  however,  was 
complicated  by  the  fact  that  ores  of  uranium  always  contain  that 
element  as  UOg,  which  is  reducible  by  hydrogen  to  UO.2 ;  it 
would  otherwise  be  possible  to  deduce  the  valency  of  helium.  An 
imaginary  example  will  make  this  conception  clear.  Suppose  that 
ammonia  were  so  unstable  that  immediately  on  its  liberation  it  were 
to  decompo.se  into  hydrogen  and  nitrogen.  If  it  were  required  to 
determine  the  valency  of  nitrogen  in  magnesium  nitride,  the  action 
of  water,  which  actually  liberates  ammonia,  would,  under  the  sup- 
posed conditions,  yield  a  mixture  of  one  volume  of  nitrogen  with  three 
of  hydrogen.  The  absorption  of  the  hydrogen  by  a  reducible  agent 
would  prevent  the  accuracy  of  such  an  experiment. 

Our  knowledge  of  the  transformation  of  radium  emanation  into 
helium  alters  the  problem.  It  is  no  longer  likely  that  helium  is 
contained  in  the  mineral  in  a  state  of  combination  ;  it  is  almost  certain 
that  the  gas  is  distributed  through  the  mineral  in  a  molecular  con- 
dition, having  been  formed  in  situ  owing  to  the   disintegration  of  the 
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radium  in  the  uraninite ;  or  possibly  owing  to  the  disintegration 
of  the  uranium  itself,  though  we  do  not  know  whether  helium  is  one 
of  the  products  of  the  disintegration  of  uranium.  Still,  it  must  be 
noted  that  if  a-rays  consist  of  helium,  they  are  emitted  during  the 
change  of  uranium  into  uranium  X. 

Returning  to  the  question — Is  hydrogen  one  of  the  products  of  the 
disintegration  of  the  emanations  of  radium  and  thorium  %  some  help 
may  be  gained  by  considering  thorianite,  the  cubical  mineral  from 
Ceylon,  It  contains  little  reducible  oxide,  and  when  heated  or 
dissolved  it  yields  a  relatively  large  amount  of  helium.  It  has  been 
found,  and  will  be  described  in  a  subsequent  paper,  that  thorium 
nitrate  from  thorianite  piobably  yields  helium  on  standing,  and 
Debierne  has  shown  that  helium  is  also  one  of  the  products  of 
disintegration  of  actinium.  Now  thorianite,  heated  in  a  vacuum 
with  sulphuric  acid  diluted  with  its  own  volume  of  water,  gives  very 
little,  if  any,  hydrogen.  From  1"3779  grams  of  the  mineral,  I 
obtained  8'37  c.c.  of  gas,  after  removal  of  carbon  dioxide;  oxygen 
was  added,  and  sparks  were  passed  for  half  an  hour  ;  after  removal 
of  the  oxygen  with  phosphorus,  the  residue,  measuring  8"05  c.c, 
consisted  of  pure  helium ;  the  volume  of  the  hydrogen  was  therefore 
0'32  CO.,  or  0'23  c.c.  per  gram  ;  the  atomic  proportion  would  be  one 
atom  of  hydrogen  to  thirteen  of  helium. 

In  a  second  experiment,  where  the  thorianite  was  fused  with  sodium 
hydrogen  sulphate,  a  mixture  of  sulphur  dioxide,  oxygen,  and  helium 
was  obtained.  Part  of  the  sulphur  dioxide  owes  its  origin  to  the 
decomposition  of  sulphuric  anhydride ;  by  estimating  the  oxygen, 
calculating  it  to  sulphur  dioxide,  and  subtracting  that  quantity  from 
the  total  sulphur  dioxide,  the  remainder,  16"34:  c.c,  was  evidently 
produced  by  the  oxidising  action  of  sulphuric  acid  on  the  UsOg,  which 
was  transformed  into  SUOg,  and  on  the  2FeO,  converted  into  Fe203  ; 
this  would  have  required  16  30  c.c.  of  sulphur  dioxide.  It  may  be 
stated,  therefore,  that  hydrogen  is  probably  not  one  of  the  products  of 
the  disintegration  of  thorium,  and,  from  analogy,  a  similar  conclusion 
may  be  drawn  as  regards  radium  bromide. 

The  hydrogen  pumped  off  from  the  solid  radium  bromide  is  in  all 
probability  derived  from  the  water  of  crystallisation  of  the  salt.  But 
the  question  still  remains  i;nanswered — whence  arises  the  excess 'of 
hydrogen  %     What  becomes  of  the  oxygen  1 

A  second  possibility  is  that  the  radium  bromide  is  decomposed  into 
metallic  radium  (which  would  attack  the  water  and  yield  hydrogen) 
and  into  bromine  (this  suggestion  has  been  made,  indeed,  by  Giesel) ; 
and  bromine  is  easy  to  identify.  Or,  again,  it  may  be  suggested  that 
ozone  is  a  product  of  the  action  of  radium  on  water,  and  consequently 
the  initial  volume  would  be  too  small.    But  ozone,  like  oxygen,  explodes 
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quantitatively  with  hydrogen,  so  that  its  presence  would   not  accouut 
for  the  excess  of  hydrogen. 

To  test  these  suppositions,  the  following  experiment  was  made.  A 
bulb  containing  70  milligrams  of  radium  bromide,  dissolved  in  water, 
was  sealed  to  a  small  U-tube  containing  a  faintly  acid  solution  of  potassium 
iodide  and  starch.  During  seven  days,  bubbles  of  gas  passed  through 
this  solution,  but  no  blue  colour  was  seen,  even  on  heating  the  bulb, 
so  as  to  expel  any  trace  of  bromine  which  might  have  been  liberated. 
This  would  also  exclude  ozone.  It  has  been  remarked  that  the  odour 
of  ozone  may  be  perceived  on  opening  a  capsule  containing  radium 
bromide  ;  I  have  opened  many  capsules,  and  I  have  never  noticed  this. 
Moreover,  an  experiment  which  has  been  in  progress  for  more  than 
two  years  negatives  the  supposition.  The  gases  from  212  milligrams 
of  radium  bromide  have  been  removed  every  two  or  three  days  by 
means  of  a  Topler  pump.  The  mercury  shows  no  trace  of  ozonide  ;  it 
is  absolutely  untarnished,  and  has  shown  no  tendency  to  wet  the  walls 
of  the  pump,  A  single  bubble  of  ozonised  oxygen  would,  as  is  well 
known,  cause  the  mercury  to  adhere  to  the  glass,  and  render  the  pump 
useless  until  cleaned.  It  may  therefoi-e  be  taken  as  certain  that  ozone 
is  not  produced  by  the  action  of  i\adium  bromide  on  water,  in  absence 
of  organic  matter.  I  have  no  experiments  to  show  whether  the  presence 
of  organic  matter  might  not  lead  to  its  formation. 

Yet  another  two  suggestions  may  be  made.  They  are  that  the 
radium  bromide  may  be  oxidised  to  bromate,  or  that  hydrogen  dioxide 
may  be  formed.  To  test  this,  I  added  a  drop  of  a  mixture  of  iodide  of 
potassium  and  starch,  slightly  acidified,  to  an  old  solution  of  radium 
bromide;  no  coloration  was  visible.  These  hypotheses  must  also  be 
rejected. 

3.  The  Action  of  Radium  Emanation  on  Water. —  As  already  men- 
tioned, the  amount  of  energy  evolved  during  the  spontaneous  tz'ans- 
formation  of  radium  emanation  is  enormous.  Supposing  the  density 
of  the  emanation  to  be  108,  1  milligram  liberates  no  less  than  720,000 
gram-calories  in  thirty  days.  Supposing,  too,  that  all  this  energy 
were  expended  in  decomposing  water,  it  should  be  sufficient  to  resolve 
nearly  200  grams  of  water  into  oxygen  and  hydrogen. 

Looking  at  the  question  somewhat  differently,  one  cubic  millimetre 
of  emanation  should  liberate  about  2*3  litres  of  explosive  gas,  if  all 
energy  were  to  be  expended  in  that  manner.  But  although  the 
emanation  does  decompose  water,  the  amount  of  water  decomposed  is 
far  from  the  quantity  mentioned. 

The  experiments  were  carried  out  in  the  following  manner.  The 
bulb  A  (Fig.  1)  contained  three  or  four  cubic  centimetres  of  pure 
distilled  water.  The  inverted  siphon,  B,  dipping  under  mercury  in  the 
reservoir,  was  sealed  at  C  in  such  a  way  that  the  least  pressure  broke 
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ofF  its  capillary  point.  The  water  was  then  frozen  with  liquid  air,  and 
a  vacuum  was  made  through  Z),  which  was  sealed  to  a  Topler  pump. 
The  stop-cocks  were  then  closed,  and  the  emanation  drawn  from  the. 
dissolved  radium  bromide,  and  mixed  with  oxygen  and  hydrogen, 
contained  in  the  small  gas-tube,  E,  was  introduced  after  explosion  into 
the  bulb  by  pressing  the  tube  down  on  the  point  C  The  gas  entered 
the  capillary  tube  up  to  the  closed  stop-cock,  F.  This  stop-cock  was 
then  cautiously  opened,  and  all  gas  entered  the  cooled  bulb,  care  being 
taken  not  to  introduce  any  mercury.  After  some  minutes,  all 
emanation  had  condensed,  and  the  stopcock,  g,  was  opened,  and  the 
excess  gas,  consisting  chiefly  of  hydrogen,  was  pumped  off.     Operating 


Fig.  1. 


To:  PUMPS 


in  this  manner,  the  bulb  contained  only  water  and  emanation.  The 
gas  removed  before  sealing  the  capillaries  at  H  was  analysed. 

To  ensure  complete  contact  between  water  and  emanation,  the  bulb 
was  attached  to  the  crank  of  a  small  hot-air  engine,  and  shaken 
continviously  for  a  month. 

The  results  of  three  experiments  are  given  in  the  following  table  : 


Volume  of 

Initial 

gas  produced 

voliuue  of  gas 

Excess  of 

by  the  action 

from  radium 

hydrogen 

of  the  emana- 

Excess of 

bromide  hi  c.c. 

in  c.c. 

Per  cent. 

tion  of  water. 

hydrogen. 

Per  cent 

1.      9  036* 

0-339 

3-76 

1-810 

0-053 

2-93 

2.      4-765 

0-138 

2-90 

3-561 

0-137 

3-85 

3.    15590 

0-316 

2-02 

4-023 

0-582 

14-60 

*  The  volume  of  the  emanation  added  was  of  the  order  of  0-03  cubic  millimetres. 
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I  cannot  explain  the  third  result;  there  was  no  oxidisable  matter  in 
the  bulb,  and  the  experiment  was  well  carried  out. 

It  is  evident  that  the  emanation  alone  can  decompose  water,  and 
that  it  yields  excess  of  hydrogen.  The  cause  of  this  excess  cannot  be 
any  one  of  the  possible  ones  already  considered,  except  the  formation 
of  hydrogen  peroxide,  but  even  that  is  excluded  by  this  experiment  : 
the  bulb  containing  the  water,  after  gas  had  been  pumped  off,  was  left 
in  connexion  with  a  tube  filled  with  phosphoric  anhydride  until  all  the 
water  had  evaporated  and  had  been  absorbed  by  the  anhydride.  A 
minute  bubble  of  gas  was  collected  ;  on  explosion,  it  gave  absolutely 
no  residue.  Had  the  water  contained  peroxide,  this  bubble  should 
have  consisted  of  oxygen.  In  the  other  two  experiments  the  water 
was  tested  by  means  of  iodide  of  potassium  and  starch ;  there  was  no 
liberation  of  iodine.* 

4.  The  Action  of  the  Radium  Emanation  on  a  Mixture  of  Oxygen  and 
Hydrogen. — An  experiment  was  next  made  to  ascertain  whether  the 
presence  of  the  emanation  would  cause  combination  of  oxygen  and 
hydrogen ;  the  gas  extracted  from  the  radium  bromide  was  suitable  for 
this  purpose.  Some  of  this  mixture  was  divided  into  two.  The  first 
portion,  3'174  c.c,  was  exploded  ;  it  gave  0'179  c.c.  of  hydrogen  in 
excess,  or  5 '64  per  cent.  The  second  portion  was  sealed  into  a  bulb 
on  January  29th,  1905  ;  it  was  opened  on  February  20th.  It  con- 
sisted originally  of  2-120  c  c,  and  its  final  volume  was  1*483  c.c, 

*  The  method  of  measuring  accurately  such  minute  quantities  of  gas  has  been 
shortly  described  in  the  Proceedings  of  the  Eoyal  Society  for  1905  (76,  A),  p.  113. 
As  it  may  prove  useful  to  chemists,  how- 
ever, a  short  description,  with  a  drawing, 
is  here  appended.  A  gas-burette,  as  in 
the  figure,  is  used.  The  volumes  to  the 
points  A,  B,  and  C  are  accurately  known  ; 
the  gas  is  introduced  through  the  inverted 
siphon,  D  ;  the  pressure  is  measured  after 
the  volume  has  been  carefully  adjusted 
to  one  of  the  black  points ;  sparks  from 
the  terminals  at  E  are  passed  to  explode 
the  gas,  and  it  is  again  measured ;  pure 
oxygen,  made  from  permanganate,  is  then 
introduced,  and  it  is  again  measured,  ex- 
ploded, and  measured  again.  The  gas 
is  then  expelled  into  the  small  tube,  F, 
into  which  a  little  globule  of  phosphorus 
has  been  previously  introduced  and  melted  ; 
the  top  of  the  tube  is  gently  heated ; 
the  phosphorus  burns  and  absorbs  oxygen, 
and  the  residual  gas,  if  any,  is  withdrawn 

and  measured  ;  there  is  usually  no  residue.  If  there  is,  it  may  be  introduced  into  a 
spectrum  tube  and  its  nature  determined  ;  or  if  it  be  nitrogen,  it  may  be  removed 
by  sparking  with  oxygen. 
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equivalent  to  a  recombination  of  30  per  cent,  of  the  original  gas.  On 
explosion,  a  residue  of  hydrogen  was  obtained,  equal  to  5  per  cent, 
of  the  original  volume,  21 20  c.c. 

A  second  experiment,  in  which  2  "035  c.c.  of  mixed  gases  were  sealed 
up  with  the  emanation  on  November  20th,  1906,  the  bulb  was  opened 
on  December  27th,  and  its  volume  was  then  1"480  c.c,  equivalent  to  a 
recombination  of  27'2  per  cent,  of  the  original  gas ;  it  contained 
561  per  cent,  of  excess  hydrogen,  reckoned  on  the  volume  2"035. 

It  appears,  then,  that  oxygen  and  hydrogen  recombine  in  presence 
of  the  emanation.  The  gases  were  dry  when  introduced  into  the  bulb, 
and  they  were  at  a  reduced  pressure,  probably  about  a  quarter  of  an 
atmosphere,  while  exposed  to  the  emanation.  It  may  here  be  mentioned 
that  Messrs.  Berger  Davis  and  C.  W.  Edwards  (J.  Soc.  Chem.  Ind., 
1905,  24,  266)  noticed  that  solid  radium  bromide,  left  in  contact  with 
a  mixture  of  oxygen  and  hydrogen,  induces  slow  combination. 

These  experiments  prove  that  the  action  of  the  emanation  on  a 
mixture  of  oxygen  and  hydrogen  is  a  reversible  reaction,  and  that 
the  velocity  of  decomposition  of  water  is  greater  than  that  of 
recombination  of  the  resulting  gases,  for  water  is  decomposed  by 
emanation. 

5.  57*6  Rate  at  lohich  Water  is  Decomposed  hy  Emanation. — It  is 
difficult  to  solve  this  problem,  on  account  of  disturbing  factors. 
These  are  :  (1)  At  the  beginning  of  the  experiments  the  emanation  is 
wholly  dissolved  in  the  water.  After  some  hours,  gas  is  evolved,  and 
the  emanation  divides  itself  between  the  water  and  the  gaseous 
mixture,  in  such  a  manner  that  that  part  of  the  emanation  which 
remains  in  solution  decomposes  the  water,  and  it  is  to  be  presumed 
that  the  portion  mixed  with  the  gases  causes  them  to  recombine.  An 
experiment  has  not  been  made  (and  it  would  be  very  difficult  to  carry 
out)  to  test  whether  steam  is  decomposed  by  the  emanation.  (2)  It 
was  impossible  to  pi-event  the  gaseous  mixture  touching  the  stop- 
cock, and  consequently  coming  into  contact  with  grease  ;  when  this 
occurs,  carbon  monoxide  and  dioxide  are  produced.  (3)  It  was  im- 
practicable to  avoid  the  use  of  mercury,  and  it  has  been  mentioned 
that  mercury  is  oxidised.  But  below  the  fairly  deep  layer  of  water 
the  mercury,  it  should  be  noted,  remained  untarnished.  Hence  the 
results  do  not  show  correspondence  between  the  amount  of  emanation 
present  and  its  quantitative  action  on  water.  Moreover,  it  is  not 
improbable  that  some  of  the  products  of  the  change  of  the  emanation 
have  also  an  action  in  decomposing  water,  although  nothing  is  known 
as  regards  this.  In  spite  of  these  objections,  the  results  are  perhaps 
worth  recording. 

The  initial  gas  was  obtained  from  212  milligrams  of  radium  bromide 
in  three  days ;  its  volume  at   normal   temperature   and   pressure  was 
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3'935  c.c.  After  explosion,  the  excess  of  hydrogen  was  removed  by 
addition  of  a  sufficient  quantity  of  oxygen  ;  the  final  residue,  amounting 
to  0'093  c.c,  was  introduced  over  several  cubic  centimetres  of  water, 
standing  over  mercury  in  a  measuring-tube  provided  with  a  black 
point,  to  which  the  level  of  the  water  could  be  adjusted.  The  minute 
bubble  was  well  shaken  with  the  water,  and  allowed  to  stand  from 
November  25th,  1905,  until  January  8th,  1906  ;  and  daily  readings 
were  taken,  temperature  and  pressure  being  noted,  and  the  pressure  of 
watei'-vapour  allowed  for.     The  readings  are  as  follows  : 


November    ... 
C.c 

0. 
...       25. 
...     0-09.3 

1. 

26. 
0-611 

2. 

27. 

0-9£0 

3. 

28. 
1-23 

4. 
29. 
1-42 

5. 
30. 
1-57 

December 

C.e 

6. 
...       1. 
...     1-66 

7. 
2. 

1-74 

8. 

3. 

1-79 

9. 
4. 

1-84 

10. 
5. 

1-88 

11. 
6. 

1-94 

12. 

8. 
1-9 

December 

13. 
9. 

14. 
10. 
2-00 

15. 
11. 

2-00 

16. 
12. 
2-01 

17. 
13. 
2-04 

Jan. 

18. 

8 

C.c 

...     2-07 

2-1 

This  final  gas  was  then  analysed. 

Assuming  that  the  initial  gas  present  was  oxygen,  its  composition 
was  : 

Oxygen  originally  present...     0'093  c.c. 

Carbon  dioxide    0-850   ,, 

Hydrogen  and  oxygen    0-726    ,, 

Excess  hydrogen     0-471    ,,     equivalent  to 

23"0  per  cent. 


2-140  c.c. 

It  would  be  natural  to  suppose  that  if  all  emanation  remained 
dissolved,  not  escaping  into  the  gases  produced,  the  rate  of  decom- 
position of  the  water  would  be  proportional  to  the  rate  of  decay  of  the 
emanation,  supposing  the  decomposition  of  the  emanation  to  be  due 
solely  to  the  latter  ;  if,  however,  the  decay  of  other  products,  radium 
A,  radium  B,  and  radium  C,  is  also  accompanied  by  the  decomposition 
of  water,  the  problem  becomes  a  very  complicated  one.. 

The  curve  obtained  by  plotting  the  rate  of  increase  of  the  gases 
formed  against  time  shows  a  much  more  rapid  increase  than  the  rate 
of  decay  of  the  emanation  would  warrant.  The  period  of  half-value 
of  the  emanation  is  3-8  days,  that  of  the  increase  of  gases  is  2'53 
days.  The  curves,  however,  resemble  each  other  in  character.  The 
lives  of  radium  A,  radium  £,  and  radium  C  are  very  short,  their 
combined  half-period  of  decay  being  less  than  an  hour;  but  as  they 
are  being  continuously  produced,  owing  to  the  decay  of  the  emanation, 
a  constant  maximum  is  quickly  produced,  which  falls  off  as  the  emana- 
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tion  decays.  Attempts  to  allow  for  this  disturbing  inliuence  have 
been  made,  but  without  success,  and  it  appears  probable  that  the  par- 
tition of  the  emanation  between  gas  and  water,  and  the  recombination 
of  the  hydrogen  and  oxygen  in  the  gaseous  system,  render  any  such 
attempts  futile  in  the  present  state  of  our  knowledge. 

I  wish  to  take  this  opportunity  of  thanking  Mr.  Alfred  Porter  and 
Mr.  Cameron  for  their  help  in  attempting  the  mathematical  analysis 
of  these  phenomena. 


LXXXVII. — The  Chemical  Changes   induced  in  Gases 
submitted  to  the  Action  of  Ultraviolet  Light. 

By  David  Leonaud  Chapma.v,  Samuel  Chadwick,  and 
John  Edwin  Ramsbottom. 

The  investigation  which  forms  the  subject  of  the  present  paper  was 
suggested  by  the  work  of  Burgess  and  Chapman  on  the  interaction  of 
chlorine  and  hydrogen,  and  it  was  started  shortly  after  the  inhibitive 
effect  of  compounds  of  ammonia  on  the  above  reaction  was  discovered. 
The  circumstance  that  traces  of  such  impurities  comj^letely  prevented 
the  interaction  of  chlorine  and  hydrogen  submitted  to  the  action  of 
light  could  in  the  opinion  of  Burgess  and  Chapman  be  best  explained 
on  the  supposition  that  the  inhibitor  altered  the  character  of  the 
vibrations  set  up  by  the  light  in  the  various  species  of  molecules  of 
which  the  system  was  composed ;  that,  in  fact,  the  presence  of  a  trace 
of  a  suitable  catalyst  so  materially  altered  the  whole  mode  of 
degradation  of  the  highly  ethcient  light  energy"  that  the  relative 
number  of  pairs  of  chlorine  and  hydrogen  molecules  in  such  states 
of  vibration  as  to  be  capable  of  interacting  was  very  considerably 
reduced.* 

Now  there  is  no  reason  why  the  accelerating  effect  of  a  positive 
catalyst  such  as  moisture  should  not  be  ascribed  to  a  similar  cause, 
and  therefore  the  present  authors  determined  to  search  for  evidence  for 
or  against  this  view.  The  typical  example  of  a  reaction  influenced 
by  moisture,  namely,  the  interaction  of  carbon  monoxide  and  oxygen 
(Dixon,  Brit.  Assoc.  Report,  1880,  503)  was  selected  as  being  for 
several  reasons  the  most  suitable  for  investigation.     Some  means  had 

*  The  results  of  a  recent  iuvestigatioii  ou  the  retardation  of  the  rate  of  eoiubiua- 
tion  of  chlorine  and  hydrogen  by  oxygen  (which  it  is  hoped  to  publish  shortly)  lend 
some  support  to  this  view  concerning  the  cause  of  inhibition  by  impurities. 
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to  be  found  whereby  these  two  gases  could  be  caused  to  interact 
slowly  out  of  the  presence  of  any  other  catalyst  except  moisture. 
The  only  possible  method  of  accomplishing  this  object  was  by  the 
gases  being  subjected  to  the  influence  of  some  form  of  radiant  energy 
such  as  the  cathode  rays,  ultraviolet  light,  or  the  silent  or  disruptive 
electric  discharge.*  Of  these  ultraviolet  light  was  to  be  preferred 
because  of  the  complexity  of  the  electric  discharge  and  of  the 
circumstance  that  the  cathode  rays  in  their  passage  through  gases  give 
rise  to  other  forms  of  energy.  A  few  cases  in  which  the  cathode  rays 
and  ultraviolet  light  induce  chemical  changes  had  been  discovered 
already. 

Ph.  Lenard  {Ann.  Physik.,  1894,  51,  225)  had  shown  that  cathode 
rays  which  had  penetrated  an  aluminium  window  in  a  vacuum  tube 
produced  ozone  in  the  air  through  which  they  passed.  Whether  the 
formation  of  ozone  was  due  directly  to  the  cathode  rays  or  indirectly 
to  the  ultraviolet  light  produced  by  the  passage  of  the  cathode  rays 
through  air  is  doubtful.  Lenard  was  unable  to  detect  any  other 
chemical  changes  induced  by  the  action  of  this  form  of  energy ; 
electrolytic  gas  did  not  explode,  carbon  disulphide  did  not  burn, 
hydrogen  sulphide  was  unchanged,  and  nitrogen  and  hydrogen  did  not 
combine  in  the  presence  of  the  rays. 

Lenard  {Ann.  Physik.,  1900,  70,  486)  also  investigated  somewhat 
exhaustively  the  effects  of  ulti-aviolet  light  on  gases.  He  showed, 
firstly,  that  under  the  influence  of  light  gases  became  conducting ; 
secondly,  that  condensation  nuclei  were  produced,  and,  thirdly,  that  in 
the  case  of  oxygen  ozone  was  formed.  These  effects  were  brought, 
about  in  air  by  light  of  wave-length  0-00014  mm.  to  0-00019  mm.,  that 
is,  only  by  the  rays  of  highest  refrangibility  to  which  air  is  com- 
paratively opaque.  Hydrogen  was  more  transparent  to  ultraviolet 
light  than  air,  and  was  accordingly  unaffected  by  light  of  greater 
wave-length  than  0*00016  mm.  To  the  most  chemically  active  rays, 
air  at  atmospheric  pressure  was  more  opaque  than  rock  salt,  fluorspar, 
or  quartz.  It  is  important  that  this  relative  opacity  of  air  should  be 
borne  in  mind  in  the  construction  of  any  apparatus  to  be  used  in  the 
examination  of  the  chemical  effects  of  rays,  and  that  air-spaces  in  the 
path  of  the  rays  should  be  avoided. 

Closely  connected  with  the  subject  is  an  interesting  research  by 
E.  Warburg  {Sitzungsher.  K.  Akad.  Wiss.,  Berlin^  1903,  1011),  in 
which  the  discharge  of  electricity  through  oxygen  from  a  point  was 
investigated.  Under  different  conditions  the  amount  of  ozone  pro- 
duced was  from  1000  to   93  times  greater  than  the  amount  which 

*  There  are  various  reasons  for  thinking  that  the  chemical  effects  brought  about 
by  the  electric  discharge  are  mainly  due  either  to  the  cathode  rays  or  to  ultraviolet 
light,  or  to  both  combined. 
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would  liave  been  found  had  its  production  been  due  entirely  to 
electrolysis.  From  this  fact  the  necessary  conclusion  was  drawn  that 
ozone  produced  in  the  path  of  the  electric  discharge  results  from  the 
action  of  ultraviolet  light  and  cathode  rays  on  oxygen,  a  view  which 
received  further  support  from  the  circumstance  that  the  amount  of 
ozone  formed  in  a  given  time  was  roughly  proportional  to  the  intensity 
of  the  light. 

E.  Warburg  and  E.  Regener  {Sitzungsber.  K.  Akad.  Wiss.,  Berlin, 
1904,  1228)  were  the  first  to  demonstrate  that  ultraviolet  light  could 
induce  other  chemical  changes  besides  the  conver.sion  of  oxygen  into 
ozone.  As  a  source  of  ultraviolet  light  they  employed  an  electric 
spark  between  aluminium  electrodes.  With  their  apparatus  2*2  *  per 
cent,  of  oxygen  at  atmospheric  pressure  could  be  converted  into  ozone. 
They  found  that  ammonia,  nitric  oxide,  and  nitrous  oxide  were  readily 
decomposed  by  the  light. 

As  a  source  of  ultraviolet  light  we  have  used  a  quartz  mercury  lamp, 
the  light  from  which  has  been  shown  by  A.  Pfluger  {Physikcd.  Zeitsch., 
1904,  5,  414)  and  Laden  burg  (/^Aysi^a/J.  Zeitsch.,  1904,  5,  525)  to  be  rich 
in  ultraviolet  rays.  The  formation  of  ozone  from  oxygen  submitted 
to  the  action  of  the  light  from  a  quartz  mercury  lamp  specially  con- 
structed for  the  purpose  has  been  investigated  already  by  Franz 
Fischer  and  Fritz  Braehmer  (Ber.,  1905,  38,  2633).  The  maximum 
percentage  of  oxygen  converted  into  ozone  when  a  current  of  the  gas 
was  passed  through  the  apparatus  was  only  0"26.  Their  primary 
object,  however,  was  not  to  obtain  a  large  pei-centage  of  ozone,  but  to 
estimate  the  yield  for  a  given  expenditure  of  energy  under  various 
conditions.  For  our  purpose,  the  apparatus  used  by  Fischer  and 
Braehmer  would  have  been  unsuitable,  particularly  as  the  gases  under 
investigation  came  into  contact  with  an  organic  cement.  Impurities 
in  the  gases  would  have  rendered  our  results  valueless. 

The  gases  to  be  acted  on  were  enclosed  in  a  bulb  of  fused  quartz 
through  which  ultraviolet  light  was  caused  to  pass  from  the  outside. 
Ultraviolet  light  partly  owes  its  exceptional  photochemical  efficiency 
to  the  circumstance  that  it  is  absorbed  with  relative  ease  by  most 
substances,  including  the  colourless  gases ;  but  this  characteristic  is 
also  the  cause  of  most  of  the  difficulties  which  arise  in  an  experi- 
mental investigation  of  the  effects  produced  by  it.  To  obtain  the 
best  results  the  appai'atus  should,  as  a  general  rule,  be  constructed  so 
that  the  light  has  to  pass  only  through  a  vacuum  or  vitreous  quartz. 
As  the  wave-length  of  the  effective  light  decreases,  the  necessity  of 
observing  this  precaution  becomes  greater.  At  first  an  iron  arc 
placed  at  a  few  centimetres  from  the  quartz  vessel  which  contained 

*  The  low  percentage  of  ozone  was  attributed  to  tlie  property  which  some  of  the 
rays  were  supposed  to  possess  of  destroying  the  ozone  formed. 
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the  gases  to  be  acted  on  was  used,  but  the  chemical  effects  induced 
by  the  light  capable  of  penetrating  the  layer  of  intervening  air  were 
too  small  to  be  accurately  measured.  Then  the  quartz  vessel  was 
illuminated  by  the  rays  from  a  mercury  arc,  the  arc  being  in  the 
same  evacuated  space  as  the  quartz  vessel,  but  at  a  short  distance 
from  it.  This  arrangement  was  also  ineffective,  owing  no  doubt  to 
the  most  chemically  active  rays  having  been  absorbed  by  the  layer  of 
non-luminous  mercury  vapour  surrounding  the  arc.  Finally,  the 
quartz  bulb  was  placed  within  the  mercury  arc,  proper  precautions 
being  taken  to  prevent  the  temperature  of  the  gases  contained  in  it 
from  rising  more  than  a  few  degrees.  The  accompanying  figure  is  a 
diagram  of  the  apparatus  in  its  final  form. 
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The  gases  which  we  desired  to  submit  to  the  action  of  ultraviolet 
light  were  contained  within  the  cylindrical  quartz  vessel,  A.  This  vessel 
was  enclosed  within  a  glass  mercury  lamp,  B,  of  which  the  cathode 
was  a  pool  of  mercury,  e,  and  the  anode,  a  short  cylinder  of  iron,  d. 
Whenever  the  current  pas.'ed  between  e  and  d  the  quartz  vessel  was 
completely  surrounded  with  the  arc,  and  the  light  had  only  to  pass 
through  l^  mm.  of  vitreous  quartz  to  reach  the  gas  contained  within 
it.  The  distance  between  the  inner  surface  of  the  mercury  lamp  and 
the  outer  surface  of  the  quartz  cylinder  was  2  mm.  The  mercury 
lamp  was  exhausted  with  a  Sprengel  pump.  The  method  of  making 
electrical  connexion  with  the  electrodes  e  and  d  can  be  seen  from  the 
figure.     The  neck  of  the  quartz  vessel.  A,  after  passing  through  the 
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stopper,  a,  which  closed  the  lower  end  of  the  mercury  lamp,  was  con- 
nected with  the  tube,  f,  by  means  of  the  ground-glass  mercury  joint,  b. 
The  mercury  lamp  was  contained  in  a  bath,  C,  through  which  a  rapid 
current  of  cold  water  was  caused  to  flow  continuously.  The  bath  was 
supported  on  blocks  of  paraffin  wax. 

As  it  was  desirable  that  the  temperature  of  the  quartz  vessel  should 
not  rise  more  than  a  few  degrees,  the  electric  current  was  passed 
through  the  mercury  lamp  for  one  second  only  at  the  end  of  every  half 
minute,  the  heat  developed  in  the  arc  during  one  second  being  thus 
allowed  half  a  minute  to  escape.  It  was  estimated  that  in  an  experi- 
ment conducted  on  this  plan  no  portion  of  the  gas  under  examination 
ever  acquired  a  temperature  of  more  than  40°.  That  part  of  the 
apparatus  by  which  the  arc  was  struck  every  half  minute  and  main- 
tained in  action  for  one  second  only  is  represented  in  the  figure  dia- 
grammatically.  The  terminals  of  the  secondary  coil  of  an  induction 
coil  were  connected  with  the  outside  of  the  lamp,  B,  and  the  mercury 
electrode,  e,  by  the  fine  wires  m  and  n  respectively.  The  current  through 
the  primary  coil  of  the  induction  coil  could  be  made  and  broken  by 
the  contact  breaker,  X.  A  current  of  6  amperes  regulated  by  means 
of  a  resistance,  R,  was  supplied  to  the  mercury  lamp.  A  mercury  con- 
tact breaker,  Y,  served  to  close  the  circuit.  When  X  was  closed  a  high 
tension  discharge  filled  the  mercury  lamp,  and  this  was  sufficient  to 
strike  the  arc  on  Y  being  closed.  It  was  arranged  that  ^Y  and  Fshould 
remain  closed  for  one  second,  but  that  the  closing  of  X  should  take 
place  a  fraction  of  a  second  before  that  of  Y,  the  apparatus  being  so 
adjusted  that  the  above  sequence  of  events  should  recur  every  half 
minute. 

The  currents  were  made  and  broken  by  a  contrivance,  not  shown 
in  the  figure,  which  was  regulated  electrically  by  a  clock.  The  other 
details  connected  with  this  part  of  the  apparatus  do  not  require 
description. 

At  q  was  a  ground  glass  mercury  joint  by  means  of  which  connexion 
could  be  made  with  any  apparatus  intended  for  the  preparation  of  one 
or  other  of  the  gases  required  in  an  experiment.  Through  the  tube  r 
gas  could  be  withdrawn  by  a  Sprengel  mercury  pump.  The  taps  o  and 
p  were  not  lubricated  and  accordingly  were  not  completely  airtight. 
The  tube  on  feither  side  of  each  tap  could,  however,  be  sealed  when 
necessary  with  mercury  as  shown  in  the  figure,  the  prevention  of  the 
escape  of  gas  in  one  direction  (which  was  all  that  was  required)  being 
thereby  achieved.  The  flask  F  contained  mercury  which  could  be 
raised  by  way  of  the  tube  aS'  and  trap  t  as  far  as  the  taps  o  and  /»  by 
the  forcing  of  air  into  the  flask  with  a  pump.  By  F  being  brought 
into  communication  with  a  water  pump  the  mercury  could  be  lowered 
again.     The  customary  device  of  a  movable  mercury  reservoir  joined 
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to  the  apparatus  by  a  rubber  tube  was  not  resorted  to  because  mercury 
in  flowing  through  a  rubber  tube  always  carries  with  it  a  small  amount 
of  organic  impurity.  The  tube  G  was  introduced  for  the  purpose  of 
containing  phosphoric  oxide.  The  gas  was  passed  backwards  and 
forwards  many  times  through  the  phosphoric  oxide  and  was  thereby 
dried,  the  mercury  in  globe  E  being  raised  and  lowered  alternately 
for  the  purpose. 

The  oxygen  used  in  the  experiments  was  prepared  by  heating 
potassium  permanganate  ;  the  carbon  monoxide  by  the  action  of  a 
mixture  of  equal  volumes  of  sulphuric  acid  and  water  on  sodium  form- 
ate, the  gas  being  washed  with  potash  solution  ;  and  the  carbon  di- 
oxide by  the  action  of  dilute  sulphuric  acid  on  sodium  bicarbonate. 

Conversion  of  Oxygen  into  Ozone. 

The  experiments  on  the  conversion  of  oxygen  into  ozone  were  per- 
formed mainly  for  the  purpose  of  testing  the  efficiency  of  the  apparatus. 
It  was  found  that  a  mercury  manometer  could  be  used  to  estimate  the 
pressure  provided  that  the  manometer  was  connected  with  the  quartz 
vessel  by  a  sufficient  length  of  capillary  glass  tubing.  The  oxygen  was 
imperfectly  dried,  having  been  passed  only  once  through  the  tube  G 
containing  phosphoric  oxide.  The  temperature  of  the  bath  varied 
between  8*^  and  9°.  As  was  to  be  expected,  the  rate  of  formation  of 
ozone  was  comparatively  rapid  at  first,  but  fell  continuously  until 
after  the  lapse  of  five  hours — that  is,  after  the  oxygen  had  been  ex- 
posed for  ten  minutes  in  all  to  the  light  of  the  lamp — equilibrium  had 
almost  been  attained.  3 '5  per  cent,  of  oxygen  had  been  converted 
into  ozone.  This  is  the  largest  percentage  of  ozone  yet  obtained  by  any 
means  other  than  the  silent  discharge. 

Interaction  of  Carbon  Monoxide  and  Oxygen. 

In  these  experiments  oxygen  in  excess  of  that  required  to  convert 
the  carbon  monoxide  into  carbon  dioxide  was  taken,  since  it  was  anti- 
cipated that  with  such  a  mixture  the  relative  rates  of  formation  of 
ozone  and  of  carbon  dioxide  could  be  more  accurately  studied. 

Experiment  I. — Carbon  monoxide  and  oxygen,  dried  by  being  passed 
through  strong  sulphuric  acid,  were  present  in  equal  volumes.  When 
the  mixed  gases  had  been  exposed  for  six  hours  to  the  intermittent 
light,  that  is,  to  the  light  of  the  lamp  for  twelve  minutes,  the  contrac- 
tion was  15'54  per  cent,  of  the  total  volume.  After  the  experiment  a 
sample  of  gas  was  withdrawn  and  the  ratio  of  carbon  monoxide  to 
carbon  dioxide  contained  in  it  was  determined  by  analysis.  The  ratio  of 
carbon  monoxide  to  oxygen  in  the  original  mixture  had  previously  been 

3  R  2 
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found.     These  two  ratios  together  with  the  percentage  contraction  are 
sufficient  data  for  calculating  the  composition  of  the  final  mixture. 
The  actual  values  found  for  the  two  ratios  were  : 

CO 

—-'^  in  the  gases  which  had  been  submitted  to  the  action  of  the  light 

=  0-2979. 

—  ?-  in  the  original  mixture  =0'949. 
CO 

Whence  the  compositions  of  the  original  and  final  mixtures  are  found 
to  be  : 

Original  Mixture.  Final  Mixture. 

02  =  48'69  volumes  03=  19'30  volumes 
CO  =  51-31         „                  C02=  11-78 
00  =  39-53 


100  „  02=13-85 


84-46 


Now  carbon  monoxide  is  not  appreciably  affected  by  ultraviolet 
light,  whereas  oxygen  is  readily  converted  into  ozone,  so  that  it  would 
appear  reasonable  to  assume  that  the  first  chemical  effect  of  the  ultra- 
violet light  is  the  decomposition  of  the  oxygen  molecules  into  atoms, 
and  then  the  immediate  combination  of  the  latter  either  with  oxygen 
molecules  or  with  carbon  monoxide  molecules  according  to  the 
equations  : 

O2  =  0  +  O 
O2  +  0  =  O3 
CO +  0  =  002 

These  equations  are  not  necessarily  a  complete  expression  of  the 
truth,  but  they  would  appear  to  be  the  simplest  representation  of  the 
facts  known  at  present,  so  far,  at  any  rate,  as  these  facts  can  be  repre- 
sented by  equations  at  all.  It  is  conceivable,  for  example,  that  ozone 
and  carbon  dioxide  might  be  formed  without  actual  dissociation  of  the 
oxygen  molecules  being  inevitably  involved,  but  in  this  event  the 
argument  which  follows  would  not  be  invalidated.  The  high  percent- 
age of  ozone  in  comparison  with  that  of  carbon  dioxide  in  the  final 
mixture  is  significant,  and  points  to  the  conclusion  that  the  tendency  of 
an  atom  of  oxygen  to  combine  with  a  molecule  of  oxygen  must  be  some- 
what greater  than  that  of  an  atom  of  oxygen  to  combine  with  a  molecule 
of  carbon  monoxide  when  the  gases  are  dry. 

The  stability  of  the  ozone  formed  under  the  conditions  of  the  experi- 
ment is  also  remarkable  and  affords  material  for  future  speculation 
and  research.     Is  ozone  more  stable  in  all  circumstances  in  the  pre- 
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sence  of  oxides  of  carbon,  or  do  the  oxides  of  carbon  inhibit  the  decom- 
position of  ozone  by  the  deozonising  rays  assumed  by  Warburg  to  be 
present  in  ultraviolet  light  1  This  problem  is  one  which  we  hope  at  an 
early  date  to  attack. 

Experiment  II. — This  experiment  was  a  repetition  of  the  last,  with 
one  variation.  The  gases  were  dried  with  greater  care,  the  desic- 
cating agent  being  pure  redistilled  phosphoric  oxide.  The  gases 
were  submitted  to  the  intermittent  light  for  eight  hours,  and  there- 
fore the  time  during  which  they  were  exposed  to  the  light  of  the 
lamp  was  in  all  sixteen  minutes.  The  following  results  were 
obtained  : 

Contraction  =  14'1 3  per  cent,  of  original  volume. 

CO 

— 2  in  the  gases  which  had  been  submitted  to  the  light  =  0'2419. 

— I  in  the  original  mixture  =  1"015. 
Whence  we  deduce : 

Original  Mixture.  Final  Mixture. 

02=    50-38  volumes  03  =  18'59  volumes 

C6=    49-62       „  -    C0,=    9-67 

C0'=  39-95 

100           „  0,=  17-66 


Contraction=  100 -85-87  volumes.  8587         „ 

A  comparison   of  the  results   of  the  first  experiment   with  those 

obtained  in  the  one  just  quoted  discloses  the  fact  that  the  trace  of 

moisture    left    after   drying  with   sulphuric  acid   is   only   capable    of 

CO 
raising  the  value  of  the  ratio  -^  above  that  of  the  carefully  dried 

gases  by  a  small  amount.  The  effect  of  a  further  increase  in  the 
percentage  of  moisture  on  the  ratio  in  question  is,  however,  very  con- 
siderable, as  the  following  experiment  demonstrates. 

Experiment  III. — A  mixture  of  approximately  equal  volumes  of 
carbon  monoxide  and  oxygen,  saturated  with  water  vapour  at  16°, 
was  submitted  to  the  action  of  the  intermittent  light  for  ten  hours. 
The  rate  of  contraction  was  a  little  slower  than  in  the  two  preceding 
experiments.  The  analysis  of  the  resulting  mixture  showed  that  the 
contraction  was  in  this  case  almost  entirely  due  to  the  formation 
of  carbon  dioxide.  The  composition  of  the  final  mixture  was  as 
under  : 

O3.  CO.,.  CO.  O2.  Contraction. 

1-31  27-90  21-72  35-12  13-95  volumes 
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On  repeating  this  experiment  we  obtained  a  similar  result. 

One  interesting  fact  is  clearly  brought  to  light  by  a  comparison  of 
the  results  of  the  three  experiments.  The  rate  of  chemical  change  as 
measured  by  the  contraction  was  practically  the  same  in  every  case, 
for  although  the  presence  of  moisture  resulted  in  an  increase  in  the 
amount  of  carbon  dioxide  formed  in  a  given  time,  it  reduced  the 
yield  of  ozone  by  an  equivalent  amount.  A  simple  explanation  is 
afforded  by  the  hypothesis  that  the  dissociation  of  diatomic  oxygen 
proceeds  with  equal  facility  in  the  absence  and  presence  of  moisture, 
and  that  the  oxygen  atoms  resulting  from  the  dissociation  imme- 
diately enter  into  combination  either  with  oxygen  or  with  carbon 
monoxide  molecules,  the  chances  of  a  union  taking  place  with  the 
latter  class  of  molecules  being  greater  in  the  presence  of  moisture. 
It  is  conceivable  that  the  moisture  might  increase  the  chances  of 
combination  of  carbon  monoxide  molecules  with  oxygen  atoms  in  two 
possible  ways,  but  to  which  of  these  preference  should  be  given  in  the 
case  under  discussion  is  not  at  present  clear. 

In  the  first  place,  the  reaction  represented  by  the  equation 

CO  +  0     — >     CO2 

is  accompanied  by  change  of  potential  energy  into  highly  efficient 
kinetic  energy.  The  absence  of  any  means  by  which  this  kinetic 
energy  might  be  degraded  into  a  less  efficient  form  would  simply 
result  in  its  reconversion  into  potential  energy,  that  is,  the  reaction 
would  not  take  place.  So  that  if  water  could  aid  the  kinetic  energy 
to  degrade  into  heat  it  would  be  able  to  accelerate  the  chemical 
change  in  question. 

In  the  second  place,  for  two  substances  to  interact  the  molecules 
of  each  must  first  be  brought  into  a  suitable  state  of  vibration,  and 
the  addition  of  a  third  substance,  such  as  moistux^e,  to  the  system 
might  result  in  a  change  of  distribution  of  the  vibrational  energy, 
the  pairs  of  molecules  in  a  state  of  vibration  conducive  to  interaction 
being  either  increased  or  decreased  in  number  thereby. 

The  conjecture  that  the  distribution  of  energy  is  essentially  different 
in  two  mixtures  of  carbon  dioxide,  carbon  monoxide,  and  oxygen  of 
the  same  composition,  except  in  respect  of  their  content  of  moisture, 
and  illuminated  by  light  of  the  same  intensity,  receives  confirmation 
from  the  experimental  results  quoted  below. 

Experiments  on  the  Decomposition  of  Carbon  Dioxide  hy 
Ultraviolet  Light. 

The  method  of  working  has  already  been  sufficiently  indicated ;  a 
description,  therefore,  of  most  of  the  details  of  these  experiments  can 
be  omitted. 
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Experivients  at  Atmospheric  Pressure* — It  was  found  that  after  long 
exposure  to  the  intermittent  light,  dry  carbon  dioxide  at  atmospheric 
pressure  was  decomposed  to  an  extent  from  26  to  3  per  cent.  The 
amount  of  decomposition  was  in  each  case  estimated  by  the  ratio  of 
carbon  monoxide  to  carbon  dioxide  in  the  resulting  gases.  The 
oxygen  was  partially  ozonised. 

When  the  moist  carbon  dioxide  was  submitted  to  the  action  of 
ultraviolet  light,  no  increase  of  pressure  within  the  apparatus  could 
be  observed,  and  no  carbon  dioxide  could  be  detected  in  the  gases 
withdrawn  after  the  experiment. 

Experiments  at  Reduced  Pressure. — Carbon  dioxide  nearly  saturated 
with  water  vapour  was  admitted  to  the  apparatus  until  the  pressure 
was  equal  to  that  of  the  atmosphere.  Gas  was  then  withdrawn  until 
the  manometer  indicated  that  the  pressure  within  the  apparatus  was 
30  mm.  The  pressure  did  not  increase  when  the  gas  was  submitted 
to  the  action  of  ultraviolet  light,  and  the  gas  withdrawn  at  the 
end  of  the  experiment  did  not  contain  either  cai'bon  monoxide  or 
oxygen.  When  the  alkaline  pyrogallol  was  added,  a  slight  change 
in  its  colour  was  noted,  but  no  decrease  in  the  volume  of  the  gas  could 
be  detected. 

Carefully  dried  carbon  dioxide  at  a  pressure  of  36  mm.  was  next 
submitted  to  the  action  of  the  intermittent  light  for  forty-five  hours. 
The  analysis  of  the  gases  withdrawn  at  the  end  of  the  experiment 
showed  that  46  per  cent,  of  the  carbon  dioxide  had  been  decomposed. 

The  above  experiments  demonstrate  that  dry  carbon  dioxide  is 
decomposed  by  ultraviolet  light,  the  percentage  decomposition  being 
increased  by  a  reduction  of  pressure,  but  that  under  the  same 
conditions  the  moist  gas  at  all  pressures  remains  practically  unchanged. 
Now  it  is  well  known  that  in  a  balanced  reaction  in  a  system  kept 
at  the  same  temperature  as  its  surroundings  the  state  of  equilibrium 
is  unaffected  by  a  small  amount  of  a  catalyst.  The  extent,  for 
example,  to  which  carbon  dioxide  is  decomposed  when  it  is  maintained 
at  constant  temperature  in  an  opaque  vessel  is  dependent  only  on  the 
temperature  and  pressure,  and  is  independent  of  the  degree  of  desicca- 
tion. The  reason  for  this  well-established  fact  is  that  the  distribu- 
tion of  energy  amongst  the  various  groups  of  molecules  after  equilibrium 
has  been  established  is  unaffected  by  the  presence  of  a  small  amount 
of  a  foreign  substance. 

When,  on  the  other  hand,  the  reaction  is'photochemical,  the  position 
of   equilibrium    is    not    independent    of    the  catalyst,    as    the    above 

*  H.  Buff  and  A.  W.  Hofmann  (Trans.,  1860,  12,  282)  decomposed  carbon 
dioxide  at  atmospheric  pressure  by  electric  sparks.  H.  B.  Dixou  and  Lowe  (Trans. , 
1885,  47,  571)  showed  that  dry  carbon  dioxide  is  decomposed  by  sparks  between 
metal  electrodes  to  an  extent  of  from  20  to  43  per  cent. 
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experiments  demonstrate,  and  this  fact  impels  us  to  conclude  that 
under  such  conditions  the  catalyst  (moisture)  exerts  a  marked  influence 
in  determining  the  mode  of  distribution  of  the  energy  amongst  the 
molecules  of  the  reacting  substances  (the  two  oxides  of  carbon  and 
oxygen).  The  experiments  on  the  decomposition  of  moist  and  dry 
carbon  dioxide  therefore  appear  to  afford  a  simple  means  of  demon- 
strating the  truth  of  one  of  our  principal  assumptions. 

The  University  of  Manchestee. 


LXXXVIII. — The  Velocity  of  Hydrolysis  of  the  Aliphatic 
Amides  by  AlJccdi. 

By  James  CfoDRiNGTON  Crocker,  M.A.,  D.Sc,   and   Frank  Harold 

Lowe,  M.Sc. 

In  continuation  of  the  work  by  one  of  the  authors  (this  vol.,  593) 
the  velocities  of  hydrolysis  of  the  aliphatic  amides  by  alkali  have 
been  investigated.  It  was  thought  that  the  work  might  throw  some 
light  on  the  question  as  to  whether  any  essential  difference  exists 
between  the  reactions  of  hydrolysis  by  acid  and  by  alkali. 

The  results  of  Arrhenius  {Zeitsch.  physikal.  Chem.,  1899,  28,  329) 
in  the  case  of  ethyl  acetate  appear  to  show  that  there  is  a  difference  in 
the  mechanism  of  the  reactions.  The  temperature-coefficients  of 
reactivity  are  very  different  for  the  two  cases.  On  the  other  hand,  in 
the  cases  of  the  action  of  water  on  chloroacetic  acid,  and  alkali  on 
sodium  chloroacetate,  quoted  by  Arrhenius  {Zeitsch.  physikal.  Chern., 
1889,  4,  226),  the  temperature-coefficients  of  reactivity  are  nearly 
equal,  which  would  appear  to  indicate  that  the  mechanism  of  the 
reactions  is  the  same  in  both  cases,  and  that  the  action  of  alkali  is  to 
be  here  regarded  as  catalytic.  The  experiments  in  the  present  work 
were  conducted  at  three  temperatures,  40'06°,  63-2°,  and  95'9°.  The 
apparatus  used  and  the  method  of  experiment  were  the  same  as 
previously  described.  The  aqueous  solution  of  the  amide  was  in  each 
case  hydrolysed  by  an  equivalent  aqueous  solution  of  caustic  soda  in 
the  conductivity  cell.  For  the  purpose  of  standardising  the  original 
conductivity-time  curves  and  deducing  the  concentration-time  relations, 
synthetical  mixtures  of  amide,  caustic  soda,  sodium  acetate,  and 
ammonia  were  made  up  generally  representing  the  conditions  at 
0,  25,  50,  and  100  per  cent,  of  the  reaction.  From  the  rate  of  change 
of  conductivity,  the  initial  conductivity  in  each  case  was  deduced  by 
extrapolation  of  the  resistance-time  curve.    The  values  for  the  velocity 
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constants  were  calculated  from  the  formula  K  =  —  I—   -  —A,  where  a 

0.0   \  0  ^  / 

is  the  degree  of  dissociation  of  the  caustic  soda.  These  values  were 
obtained  by  plotting  the  degree  of  dissociation  taken  from  the  results 
of  Arrhenius  {Zeitsch.  physikal.  Chem.,  1889,  4,  99)  with  temperature. 
Satisfactory  agreement  with  the  formula  given  above  was  obtained  in 
each  case  and  therefore  the  reactions  are  all  bimolecular.  The  results 
were  checked  by  drawing  graphs  between  the  reciprocal  of  concentra- 
tion and  time  (see  below).  If  Q  is  the  slope  of  the  curve  in  c.c.  per 
minute,  then  K=Qja..  It  will  be  seen  that  these  graphs  are  practically 
straight  lines,  with  a  very  slight  downward  curvature.  This  is  best 
shown  in  the  case  of  formamide,  where  the  range  of  reaction  was 
greatest,  and  it  is  evident  therefore  that  the  presence  of  the  neutral 
salt  has  a  slight  retarding  effect.  This  also  appears  from  the  tables 
of  experimental  results. 

The  graphs  for  the  amides  investigated  at  40'06°  are  shown  below. 


20,000 


'fe 
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50       60      70        80      90       100      110    120 
Minutes. 

^  =  Formamide.     5  =  Acetaraide.     C=  Fropionamide.     D  =  Butyramide. 
^=2SciButyramide.     i^=Valeramide.     ff  =  Capronamide. 

The  abscissae  represent,  It  for  formamide,  t  for  acetamide  and 
propionamide,  t\'1  for  butyramide,  t'sobutyramide,  and  capronamide, 
f/4  for  valeramide.  Each  division  of  the  ordinate  is  equal  to  500  c.c, 
except  for  formamide,  where  one  division  is  eqvial  to  5000  c.c. 
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In  the  following  tables  : 

t  =  time  in  minutes. 

o-  =  specific  conductivity  of  solution  in  mhos,  per  c.c. 
C  =  concentration  of  amide  or  alkali  in  gram-equivalents  per  c.c. 
K  =  velocity-constant, 

<rP  =  specific  conductivity  of  solution  when  fraction  /3  of  amide  is 
decomposed. 


Temperature  =  40-06°. 


Formamide. 


40  c.c.  iV/lO-fornianiide.     40  c.c.  NjlQ- 
NaOH.     Q  =  280,  o  =  0-9208. 


o-xlO^.  CxlO«. 
65 
75 
00 
30 
G'2 


•00 

11-98 

37- 

•75 

ir67 

35 

•00 

ir55 

35 

•33 

11-42 

34- 

•9-2 

11-31 

33 

•16 

11-18 

32 

•00 

11-10 

32 

•66 

11-04 

32 

K. 

313^5 
311^9 
310^2 
307^3 
303^0 
305^1 
303-8 
300-4 


Mean  A"=  306^9 

(tO    =0^01409,  (r»25  =  0^01188. 
o-o -5 -0-00991,  0-1     =0-00643. 

A' calculated  from  slope  of  curve  =  304-1. 


Acetamide. 


20  c.c.  A^-acetanii(le.      20  c.c.  iV-NaOH. 
§  =  7-540.     0  =  0-8351. 


t. 
34-58 
87-16 
107-16 
1-20-75 
133-90 
169-58 
185-30 
217-75 


<rxl02.      CxlO\ 


10^86 
9-743 
9-412 
9-202 
9-026 
8-582 
8-410 
8-042 


-18 
-50 
-62 
•30 
-25 
-58 
■57 
-40 


K. 

9-143 


162 
016 
074 
010 
962 
930 
072 


Mean  /ir=9-046 


(7»   =0-1185,     o-*''25  =  0-09743, 
0-05  =  0-07626,  0-1    =0-04046. 

K  calculated  from  slope  of  curve  =  9 -031. 


Frojnonamide . 


40  c.c.  i\710-propionamide.     40  c.c. 
i\^-NaOH.     0  =  6-871.     a  =  0-8351. 


(rxl02.      CxlO^. 


K. 


80-42 

9-743 

39-05 

8 

352 

97-75 

9-464 

37-50 

8 

170 

109-42 

9-279 

36-40 

8 

204 

135-83 

8-906 

34-20 

8 

145 

158-08 

8-628 

32-60 

8 

079 

229-60 

7-852 

28-00 

8 

191 

263-08 

7-582 

26-40 

8 

137 

312-4 

7-251 

24-36 

S 

141 

Mean  K- 

=  8-177 

(tO 

=  0-1163, 

o-o-25  =  0-09462, 

o-o-s 

=  0-07375 

0-1   =0-03747. 

K  calculated  from  slope  of  curve  =  8 -2  21. 


Butyramide. 

20  c.c.  l^iV-butyramide.     20  c.c. 
liA-NaOH.     <)  =  2-458.     o  =  0-8194. 


O-X102.      CxlO-^ 


K. 


149-3 

12-76 

58-80 

3-007 

199-6 

12-16 

54-80 

3-007 

233-2 

11-81 

52-43 

3004 

253-3 

11-61 

51-11 

3-007 

289-2 

11-29 

48-90 

3-004 

308-3 

11-13 

47-82 

3-000 

322-3 

11-01 

47-00 

3-010 

336-3 

10-90 

46-30 

3-001 

Mean  K- 

=  3-005 

0-"  =0-1538,    o-o-25  =  0-1239, 
ffO-5  =  0-09625,    0-1  =0-04706. 

K  calculated  from  slope  of  curve  =  3 '00. 
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ISO  Butyramide. 

20  c.c.  3iV^/2-isobntyramide.     20  c.c. 
3i\72-NaOH.     Q=-2-l8<).     a  =  0-8191. 


or  X  102.      c'xlO-\ 


K. 


51-00 

14-45 

69-30 

2-632 

75-67 

14-05 

66-80 

2-644 

109-66 

13  56 

63-70 

2-637 

127 -25 

13-31 

62-10 

2-655 

142-08 

13-13 

60-90 

2-655 

221-40 

12-20 

54  90 

2-689 

294-00 

11-54 

50-50 

2-686 

335-16 

11-21 

48-30 

2  684 

Mean  Kz 

=  2-660 

ffO   =0-1541,     0-0-25  =  0-1240, 
o-»-5=0  09634,  ff'    =0-04785. 

K  calculated  from  slope  of  curve  =  2 -668. 


Valer  amide. 

20  c.c.  3iV/4-valeramide.     20  c.c. 
3A74-NaOH.     Q  =  0-4145.     a  =  0-8461. 


o-xlOl      Cxl05. 


K. 


200 

86-36 

36-25 

0-5376 

650 

82-41 

34-14 

0-4782 

675 

82-06 

34-00 

0-4797 

720 

81-28 

33-55 

0-5153 

785 

81-14 

33-42 

0-4983 

813 

80-78 

33-21 

0-5000 

870 

80-30 

32-95 

0-4998 

005 

79-49 

32-55 

0-4763 

Mean  A'=  0-4981 

o-o   =0-08859,  (r0-25  =  0-07 178, 
(rO-5  =  0 -05567,  ffi    =0  02762. 

^'calculated  from  slope  of  curve  =  0-4892. 


Capr 

onamide. 

c.  iV/3 

capronamide.     20  c.c 

NjZ 

KaOH.     Q  = 

=  2-700. 

0  =  0-87 

t. 

(TXlO^ 

CxlO-5. 

K. 

138-5 

39-93 

15-69 

3-069 

186-0 

39-38 

15-39 

3-060 

253-0 

38-59 

14-96 

3-080 

279-5 

38-33 

14-81 

3-075 

303-2 

38-06 

14-67 

3-076 

341-0 

37-67 

14-45 

3-083 

383-2 

37-30 

14-25 

3-035 

428-3 

36-86 

14-00 

3  057 

Mean  K     = 

3-067 

(r»=0-04167,  (r0-25  =  0-03512,  o-^'^^  0-02694,  0-^  =  0-0139. 
^calculated  from  slope  of  curve  =  3-083. 


Temperature  =  63-2°. 


Formamide. 


40  c.c.  iV720-formamide.     40  c.c. 
JY/20-NaOH.     §=16-72,     a  =  0-9430. 


t. 

<r  X  10*. 

Cxl0«. 

K. 

6-16 

79-73 

19-90 

1764 

7-21 

78-52 

19-25 

1756 

8-70 

76-60 

18-30 

1784 

10-58 

74-66 

17-30 

1784 

12-66 

72-75 

16-38 

1764 

16-38 

69-64 

14-80 

1780 

24-50 

64-93 

12-35 

1773 

33-00 

61-46 

10-35 

1801 

Mean  K-- 

=  1776 

0-"  =  0-008936,  0-0-25  =  0-007868, 
0-0  4-5  =  0-00675,  0-1  =  0-004715. 

K  calculated  from  slope  of  curve  =  1773. 


Acetamide. 


40  c.c.  A72-acetamide.     40  c.c. 
J\V2-NaOH.     e  =  40-07.     o  =  0-8525. 

t.  O-X103.      CxlO-5.        K. 


23-23 

72-45 

22-28 

47-00 

30-19 

70-22 

19-18 

47-12 

36-68 

68-40 

18-20 

47-82 

52-55 

64-61 

16-35 

47-28 

70-03 

60-91 

14-70 

47-00 

87-16 

58-46 

13-30 

47-38 

104-71 

56-12 

12-20 

47-02 

112-05 

55-30 

11-80 

46-86 

Mean  K^ 

=  47-18 

0-0=- 0-082,  0-0-1875  =  0-07262, 
^0  5625  =  0-05338,  0-1  =  0-03263. 

K  calculated  from  slope  of  curve  =  47  '1 2 
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Propionamide. 

40  CO.  iV/2-propionamide.     40  c.c. 
iV/2-NaOH.     g  =  35-09.     a  =  0-8525. 


(rxl0='.   CxlO\ 


K. 


t. 
13 
38 
44 
64 
77 
93 
103 
112 


o-o  =0-08297,  (r0-25  =  0-06886, 
(r0«=0-05484,  o-^  =0-03055. 

K  calculated  from  slope  of  curve  =  41-15. 


-58 

77- 

-68 

68- 

-00 

67  • 

•78 

62- 

-50 

60- 

•55 

57- 

-86 

56- 

-33 

55- 

Butyramide. 

40  c.c.  iV/2-butyramide.     40  c.c. 
A72-NaOH.     ^  =  14-29.     a  =  0-8525. 


o-xlOl      CxlO^ 


K. 


13 

22-33 

41 -.-30 

41-83 

74-90 

21-77 

16-63 

59 

18-60 

41-10 

58-00 

72-49 

20-68 

16-89 

15 

17-97 

41-70 

67-33 

71-25 

20-18 

16-65 

52 

15-92 

41-33 

86-42 

68-59 

19-03 

17-03 

23 

14-90 

41-02 

110-25 

65-90 

17-84 

17-04 

66 

13-73 

41-20 

160-50 

61-25 

15-83 

16-92 

25 

13-12 

40-93 

191-66 

59-00 

14-80 

16-88 

18 

12-65 

40-81 

246-83 

55-44 

13-15 

17-14 

Meau  K-- 

-41-17 

Mean  K- 

=  16-89 

ffO   =0-0820,  <r''-25  =  0-06785, 
ff0-5= 0-0540,  0-1    =0-02916. 

K  calculated  from  slope  of  curve  =  16-76. 


i&oButyramide. 

40  c.c.  iV72-i.soljutyraniidc.     40  c.c. 
iV/2-NaOH.     e  =  13-33.     o  =  0-8525. 


t. 

(rxlO'\ 

CxlO'. 

31-83 

76-95 

22-65 

40-92 

75-52 

22-06 

67-83 

71-60 

20-35 

102-33 

67-62 

18-65 

177-92 

66-03 

17-90 

150-16 

63-22 

16-67 

180-83 

60-80 

15-58 

254-50 

56-30 

13-40 

K. 


15 
15 
15 
15 
15 
15 
15 
15 
Meau  7^=15 


•30 
-34 
-35 
-61 
-79 
-82 
-70 
-96 
-61 


(r»   =0-08246,  0-0-5  =  0-06777, 
(70-5= 0-05419,  o-^    =0  •0-2969. 

K  calculated  from  slope  of  curve  =  15-64. 


Valeramide. 

40  c.c 

A72-valeramide.     40  c.c. 

A72-NaOH.     (?  = 

2-632.     a  = 

0-852. 

t. 

ffxW. 

CxlO-l 

K. 

87-50 

7861 

23-58 

3-32 

125-0 

77-34 

23-03 

3-31 

157-2 

76-54 

22-60 

3-18 

178-0 

75-71 

22-35 

3-15 

333  0 

71-61 

20  60 

3-01 

374-0 

70-41 

20-13 

3-04 

395-5 

69-88 

19-91 

3-03 

449-0 

63-73 

19-40 

3-02 

Mean  K 

=  313 

(r«  = 

0-08186, 

,r0  23:=0  06? 

08, 

(t05  =  0-05241. 

K  calculated  from  slope  of  curve  =  3  -087. 


Cajn 

onamide. 

.c.  iV/2 

Caprouamide.     40  c.c 

.  N/2 

NaOH.     Q  = 

^12-29. 

a  =  0-8525 

t. 

a  X  10». 

CxlO\ 

K. 

75-88 

69-86 

20-06 

14-75 

93-50 

68-23 

19-36 

14-62 

103-92 

67-13 

18-90 

14-59 

111-75 

66-32 

18-58 

14-55 

148-42 

63-22 

17-17 

14-44 

174-50 

61-25 

16-30 

14-36 

188-55 

60-22 

15-83 

14-42 

230-66 

57-67 

14-65 

14-38 

Mean  K    = 

14-51 

(7«  =  0-0781 8,  0-0  25  =  0-0666,  cr»-5  =  0-05283,  (7^  =  0-02754. 
K  calculated  from  slope  of  curve  =  14-41. 
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Temperature  =  95-9°. 


Acetamide. 


40  c.c.  iV716  Acetamide.     40  c,c. 
iV/16-NaOH.     a  =  0-9326. 


(rxl03.  Cxios. 
•99 
•06 
•22 
•00 
•56 
•73 
•52 
•10 


■58 

15^23 

27^ 

•00 

14^18 

26^ 

•66 

13^66 

24  • 

•08 

13-60 

24  • 

•92 

13  ^47 

23  • 

•83 

13^22 

22^ 

•83 

13^18 

22^ 

•83 

1303 

22- 

K. 

273^4 
272^4 
279^0 
279^3 
280^0 
280-1 
277-8 
279^1 


Mean  ^-277^9 
(rO  =  0^01571,  (r«3=0^01264. 


Propionamide. 


40  c.c.  iV/16  Propionamide.     40  c.c. 
iVyie-NaOH.     0  =  0^9326. 


(TxlO^.      CxlO«.        K. 


•50 

14^39 

26  • 

•42 

13^85 

25- 

•25 

13-78 

24  • 

■GO 

13^66 

24- 

•58 

13^59 

24  • 

•33 

13-41 

23  • 

•83 

13-22 

23  • 

•33 

13-16 

23  • 

•78 
•17 
•97 
•61 
•39 
•87 
•30 
•12 


233 
234 
231 
231 
231 
228 
230 
230 


Mean  A"=231^3 
o-»  =  0^01588,  o-« -5=0 •01327. 


Butyramide. 

40  c.c,  iV/16  Butyramide.     40  c.c. 
A7l6-Na01I.     a  =  0-9326. 


38 

58 
75 
82 
88 
91 
102 
110 


(rxl03.  CxlO». 
•90 
•42 
•26 
•87 
•48 
•31 
•78 
•40 


•16 

14^74 

27  • 

•75 

14-24 

26^ 

•75 

13-85 

25  • 

-00 

13-72 

24  • 

•33 

13^59 

24  • 

•50 

13-53 

24^ 

•55 

13-35 

23  • 

•15 

13-22 

23  • 

K. 

108^0 
106-7 
107-3 
107-1 
107-2 
107-0 
106-6 
106-5 


Mean  i:=  107^0 

<r«  =  0^01588,  (tO 2-5  =  0^01 323. 


ISO  Butyramide. 

40  c.c.  A7I6  isoButyramide.     40  c.c. 
AVI  e-iS^aOH.     0  =  0^9326. 


39 

68 

83 

91 

101 

105 

113 

117 


-58 
-33 
•50 
■6Q 
•66 
•25 
•75 
•30 


(TxlO^.  CxlO'. 
14-65 
14-05 
13^76 
13^62 
13-42 
13-36 
13-22 
13-16 


K. 


28-10 

97  • 

26-17 

97^ 

25-23 

97^ 

24-79 

97^ 

24-15 

99^ 

23-95 

99^ 

23-50 

99^ 

23^30 

99^ 

Mean  AT. 

=  98- 

•15 
•29 
•80 
•47 
•10 
•20 
•30 
•90 
•37 


0-"  =  0^01 563,  o-'i  25 ^0-01320. 


Valei'amide. 

40  c.c.  A74  Valeramide.     40  c.c. 
A^/4-NaOH.     o  =  0^8698. 


t. 

46 
75 

94 
105 
111 
124 
132 
137 


(TxlOl      C'xlO^. 

•12 

•45 

•08 

•85 

•745 

•440 

•410 

•280 


•75 

53-79 

ir 

•42 

51-71 

10^ 

•08 

50-56 

10^ 

•83 

49^85 

9^ 

•58 

49^53 

9^ 

•16 

48^88 

9^ 

•16 

48^48 

9^ 

-08 

48^07 

9^ 

K. 

24^43 
23^94 
23^52 
23-37 
23^30 
23^98 
22^90 
23^32 


Mean  AT^  23^59 
<7«  =  0^05806,  ffO 25^0 •04837- 


Capronamide. 

40  c.c,  A7I6  Capronamide.     40  c.c. 
A716-XaOH.     a  =  0^9326. 


t. 

43^00 

73^25 

80^25 

86^40 

97^00 

113^25 

117^33 

124^75 


o-xlO^.      CxlO". 


14^56 
13^85 
13^72 
13^59 
13^41 
13^11 
13-05 
12-93 


27-52 
25-35 
24-95 
24-55 
24-00 
23-09 
22-90 
22-52 
Mean  £"=107 


K. 

108 
109 
108 
108 
108 
107 
106 
106 


0-0  =  0-01578,  (7"-=  =  0-01322. 


These  results  are  in  contrast  with  those  previously  obtained  in  tho 
case  of  hydrolysis  by  hydrochloric  acid  (loc.  cit.). 

When  the  amides  are  arranged  in  decreasing  order  of  reactivity  -with 
respect  to  alkali,  at  constant  temperature,  this  order  is  as  follo-ws  : 
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formamide,  acetamide,  propionamide,  capronamide,  butyramide, 
isobutyramide,  valeramide.  The  reactivity  of  formamide,  as  might  be 
expected,  is  relatively  great.  That  of  valeramide,  as  in  the  case  of 
hydrolysis  by  acid,  is  abnormally  small,  and  this  is  the  least  reactive 
of  the  amides.  The  order  of  relative  activity  is,  however,  here 
reversed  in  the  case  of  propionamide  and  acetamide,  and  also  for 
butyramide  and  isobutyramide. 

The  velocities  of  hydrolysis  of  the  amides  by  alkali  under  given 
conditions  is  greater  than  the  rate  of  reaction  with  acid.  Thus  at 
63'2°  formamide  is  live  times  more  reactive  with  respect  to  caustic  soda 
than  it  is  with  acid,  and  propionamide  is  more  than  twice  as  reactive 
with  soda  than  with  acid. 

The  velocity-constants  exhibit  the  usual  large  coefficients  of  varia- 
tion with  temperature.  For  example,  acetamide  is  about  thirty-one 
times  as  reactive  at  95*9°  as  it  is  at  40*06.  The  temperature  varia- 
tions are  expressed  by  the  general  formula  ; 


\og,,K  =  \og,,K'>  +  B 


The  value  of  the  constants  for  the  amides  investigated  are  given  in 
the  following  table  : 


1 

4)^^ 

fJL- 

1 
'  1 

Range. 

Formamide 40  -06—63  '2 

Acetamide  40-06— 95-9 

Propionamide 

Butyramide 

rsoButyramide     ... 

Valeramide 

Capronamide  


313-06 


Log.nffo. 


•4870 
-9565 
•9126 
•4778 
•4249 
•6973 
•4867 


B. 

3474 
3375 
3346 
3574 
3702 
3763 
2958 


CxlO- 

-6116 
-7043 
-7517 
-9457 
-6107 
+  5044 


B'. 
3474 
3173 
3104 
3318 
3372 
3554 
3136 


In  the  last  column  is  shown  the  mean  differential  coefficient  B\ 
of  the  graph  between  the  logarithm  of  the  velocity-constant  and  the 
reciprocal  of  the  absolute  temperature  for  the  range  of  temperature 
considered. 

These  values  are  much  less  than  the  corresponding  values  in  the 
case  of  hydrolysis  by  acid.  The  following  numbers  show  the  agree- 
ment between  the  values  computed  from  the  formula  and  those  read 
directly  from  the  curves  : 


^(calc.).  Z'(ci;rve). 


Formamide 333-9 

Acetamide  334-0 

Propionamide 

Butyramide    

isoButyramide    

Valeramide     

Capronamide 


1521 
40-46 
35-77 
14-54 
13-42 

2-663 
12-55 


1503 


•55 

-72 

•67 

-33 

•661 

■59 


T. 

A''(calc.).  A'(curve) 

322-6 

6510 

6486 

357-9 

161-7 

161^5 

137-5 

136^5 

61-24 

61^10 

56-81 

56-50 

12-73 

12-56 

56^30 

56-87 

This  exponential  variation  of  the  reactivity  with  temperature  is,  as 
is  well  known,  common  to  most  reactions  which  have  been  investi- 
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gated,  and  it  will  be  of  interest  first  to  consider  hex-e  the  cause  of  this 
peculiar  variation.  An  interesting  explanation  was  advanced  by 
Arrhenius  (Zeitschr.  physikal.  Chem.,  1889,  4,  226)  in  a  paper  on  the 
velocity  of  inversion  of  sucrose  by  acids.  According  to  this  view, 
a  solution  of  sugar  contains  two  forms  in  equilibrium.  One  of  these 
is  unstable  and  reactive  and  the  other  form  is  stable.  The  equilibrium 
between  these  forms  is  regulated  by  the  equation  ; 

Ca  =   KCi (1) 

where  Ca  find  Ci  are  the  concentrations  of  the  active  and  inactive 
sugar  respectively,  and  K  is  the  equilibrium  constant  of  the  reaction. 
This  leads  to  the  relation  : 

d\og,K   _     q  ^2) 


I 


dQ  W 

for  the  variation  of  reactivity  with  temperature.  In  this  formula  q 
is  the  heat  required  to  change  1  gram-molecule  of  "  inactive  "  sugar  to 
the  '*  active "  form,  and  this  is  equal  to  25,600  calories.  As  a  first 
approximation  this  quantity  is  a  constant. 

The  application  of  this  formula  to  other  cases  has  proved  its 
generality,  and  has  justified  the  premises  in  the  Arrhenius  theory. 

The  question,  however,  arises  as  to  the  nature  of  the  difference 
between  these  "  active  "  and  "  inactive  "  forms.  In  the  case  of  liquids 
and  solutions  "  association  "  would  give  an  adequate  explanation.  A 
dissolved  substance  may,  for  example,  form  complex  molecules  with 
the  solvent,  and  equilibrium  may  be  set  up  between  the  complex  and 
the  simple  molecules.  In  the  gaseous  state,  however,  association  of 
this  kind  is  precluded,  and  some  other  hypothesis  is  needed.  One  is 
therefore  led  to  the  view  that  the  explanation  must  rest  on  an  atomic 
basis,  and  that  the  difference  in  property  is  to  be  accounted  for  by 
some  modification,  either  in  configuration  or  property,  of  the  atom 
itself. 

Regarded  from  the  point  of  view  of  the  electronic  theory,  the  atom 
can  exist  in  two  conditions,  an  electrically  neutral  state,  and  a  charged 
condition,  due  to  the  loss  or  gain  of  electrons.  Thus,  the  mercury 
atom  in  mercuric  chloride,  or  when  in  the  ionic  state  in  solution,  is 
charged,  that  is,  it  has  lost  an  electron ;  but  under  ordinary  conditions 
the  atom  in  uncharged.  If,  however,  mercui-y  vapour,  which  scarcely 
conducts  electricity  under  ordinary  conditions,  is  exposed  to  the 
Rontgen  rays,  it  lo^es  electrons  and  conducts  readily  (J.  J.  Thomson, 
The  Discharge  of  Electricity  Through  Gases,  p.  101).  This  indicates  the 
change  of  the  neutral  atom  to  the  charged  condition.  The  existence 
of  these  two  atomic  states  is  tacitly  assumed  in  current  representa- 
tions of  oxidation,  reduction,  and  ionisation.     If,  then,  atoms  can  gain 
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or  lose  electrons,  it  is  very  probable  that  electronic  exchanges  take 
place  within  the  molecules  of  chemical  substances,  and  this  is 
sufficient  to  account  for  "active"  and  "inactive"  forms  of  the  same 
substance. 

When  combination  of  two  atoms  takes  place,  an  electron  passes 
from  one  atom  to  the  other,  with  the  result  that  the  two  atoms  are 
equally  and  oppositely  charged.  The  attractive  force  thus  produced 
tends  to  make  the  molecule  stable.  This  is  the  normal  condition.  If, 
however,  the  vibrational  energy  of  the  system  becomes  great  enough, 
disturbance  of  the  atomic  equilibrium  may  take  place  and  an  electron 
may  be  forced  back  across  the  interatomic  space,  with  consequent 
"  depolarisation."  The  attractive  force  of  atom  for  atom  is  thus 
diminished  and  the  system  becomes  unstable  and  reactive.  As  the 
temperature  is  increased,  the  vibrational  energy  will  become  greater 
and  the  proportion  of  the  "  active  "  form  will  be  increased.  It  is  also 
clear  that  the  ease  with  which  depolarisation  takes  place  will  depend 
on  the  relative  electrochemical  character  of  the  atoms  concerned. 
Since  strongly  electropositive  and  electronegative  elements  respectively 
lose  and  gain  electrons  readily,  molecules  formed  of  elements  differing 
greatly  in  electrochemical  character  would  be  generally  stable,  and 
unlikely  to  undergo  such  depolarisation  under  ordinary  conditions. 
Also  in  such  cases  the  temperature-coefficient  of  reactivity  would  be 
proportionally  great.  Conversely,  under  given  conditions,  depolarisation 
and  electronic  exchange  would  be  expected  to  occur  most  readily  in 
molecules  where  the  constituent  atoms  are  most  nearly  allied  in  electro- 
chemical nature.  If  we  assume  that  the  change  of  inactive  to  active 
molecules  is  accompanied  by  a  finite  amount  of  heat-absorption 
equal  to  q  calories  per  gram-molecule,  then  equation  (2)  will  expx'ess 
the  variation  of  the  velocity-constant  with  temperature  in  the  case 
of  simple  irreversible  decomposition. 

This  result  depends  on  the  assumption  that  external  energy  can 
affect  the  intra-atomic  energy,  an  assumption  which  appears  to  be 
justified  by  experiment. 

The  equilibrium  between  the  two  forms,  as  described  above,  is 
analogous  to  that  existing  in  the  case  of  tautomerism.  In  the  latter 
case,  difference  of  property  is  produced  by  the  "  wandering "  of  an 
atom,  in  the  former  by  the  movement  of  an  electron. 

These  two  forms  may,  for  convenience,  be  termed  "  electromeric." 
The  unstable  reactive  and  stable  forms  will  be  referred  to  as  the 
"  depolarised  "  and  "  activised  "  forms  respectively. 

The  principles  stated  in  the  foregoing  may  be  summarised  as 
follows  : 

(a)  The  decomposition  of  a  non-ionisable  polyatomic  molecule  into 
smaller  parts  is  preceded  by  the  "  depolarisation  "  of  those  parts. 
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(b)  Stable  combination  is  preceded  by  the  "  r.ctivisation  "  of  the 
interacting  atoms  or  groups  of  atoms. 

It  will  be  noted  that  "  depolarisation  "  of  an  atom  or  radicle  in  the 
sense  employed  above  does  not  necessarily  mean  that  the  whole  of  the 
molecule  or  even  of  the  atom  becomes  electrically  neutral.  Depolari- 
sation need  only  necessarily  occur  between  the  atoms  at  which  decom- 
position takes  place,  and,  moreover,  only  at  those  parts  of  the  atoms 
directly  concerned  in  the  decomposition. 

This  hypothesis  would  account  satisfactorily  for  the  difference 
between  the  two  forms  postulated  by  the  Arrhenius  theory.  It  is 
to  be  noted  that  if  reaction  takes  place  between  several  "  depolarised  " 
molecules,  then  the  temperature-vai'iation  is  expressed  by  : 

dlog^K   _    qi  +  q.2  +  .  .  . 


do  m"- 


(3) 


where  q^li  ■  •  ■  ^^'^  '^^^  "heats  of  depolarisation  "  of  the  various  inter- 
acting molecules. 

According  to  this  view  the  hydrolysis  of  acetamide  by  liydrochloric 
acid  is  represented  as  follows  : 

CHg-CO-NHg  -t-  H-OH  +  H  +  CI  =  CHg-CO.^H  -i-  NH,  4-  01. 

The  symbol  o  serves  to  indicate  the  atoms  between  which  depolai'i- 
sation  has  occurred.  Reaction  here  takes  place  between  the  "depolar- 
ised "  amide  and  water  molecules,  the  action  of  the  acid  being 
regarded  as  catalytic.  If  the  effect  of  alkali  on  the  rate  of  hydrolysis 
of  acetamide  is  also  catalytic,  then  the  value  of  B'  should  be  the  same 
for  both  reactions.  Reference,  however,  to  the  above  results  and  also 
to  those  previously  given  (l.oc.  cit.)  for  the  case  of  hydrolysis  by  acid, 
shows  that  for  all  the  amides  investigated  these  factors  are  much  less 
for  the  reaction  of  hydrolysis  by  alkali.  Evidently,  then,  there  is  some 
essential  difference  between  the  two  reactions.  The  same  featui-e  is 
recorded  by  Arrhenius  (loc.  cit.)  with  reference  to  the  action  of  acid 
and  alkali  on  ethyl  acetate.  The  factor  B'  was  shown  to  be  greater 
for  hydrolysis  by  acid,  and  the  view  was  taken  that  this  is  due  to  the 
formation  of  a  compound  of  the  neutral  salt  with  the  ester,  which  is 
in  equilibrium  with  two  kinds  of  active  ester,  so  that  B'  has  here  a 
modified  meaning.  If  hydrolysis  by  alkali  takes  place  as  a  result  of 
the  direct  action  of  the  hydroxyl  ions  on  the  non-electrolyte  molecule, 
then  another  explanation  is  possible,  since  in  this  case  B'  is  deter- 
mined by  the  heats  of  "  electromeric  "  change  of  the  non-electrolyte 
molecule  and  possibly  of  the  hydroxyl  ion.  Thus,  the  hydrolysis  of 
acetamide  by  alkali  oil  this  view  would  be  represented  as  follows  : 

CHg-CO-NH^V  OH  =  CH^-CO,  +  NII3. 
VOL.    XCL  \  3    S 
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On  the  other  hand,  there  is  evidence  to  show  that  in  some  cases  of 
hydrolysis  by  alkali  the  action  of  the  hydroxyl  ions  is  catalytic.  The 
decomposition  of  sodium  chloroacetate  by  alkali  is  a  case  in  point 
(Senter,  Trans.,  1907,  91,  473). 

Further  work  in  the  direction  indicated  is,  however,  necessary  and, 
with  the  object  of  elucidating  the  function  of  the  acid  and  alkali, 
it  is  intended  to  extend  the  investigation  to  other  reactions  of 
hydrolysis. 

Chemical  Department, 

S.W.  Polytechnic  Institute,  , 

Chelsea,  S.W. 


L XXXI X.  — A rsenic  Di-iodide. 

By  John  Theodore  Hewitt  and  Thomas  Field  Winmill. 

Some  twenty-six  years  ago  E.  Bamberger  and  J.  Philipp  discovered 
that  arsenic  and  iodine,  besides  uniting  to  form  the  ordinary  tri- 
iodide,  can  also  combine  in  the  proportion  of  one  atom  of  arsenic 
to  two  atoms  of  iodine  (/ie/-.,  1881,  14,  2643).  Having  estab- 
lished the  composition  and  studied  the  solubilities  and  some  reac- 
tions, they  assigned  to  this  substance  the  si.mplest  possible  formula 
Aslg,  and  stated  their  intention  of  applying  it  to  the  synthesis  of 
organo-arsenic  compounds.  No  further  work  has  appeared,  and  the 
substance  has  not  apj^arently  been  examined  by  other  chemists. 

The  present  authors  decided  on  a  determination  of  the  molecular 
weight  with  the  intention,  should  the  substance  have  the  double 
formula  AS0I4,  to  use  it,  if  possible,  in  conjunction  with  Grignard 
reagents  in  the  synthesis  of  aromatic  analogues  of  cacodyl.  Th^ 
formula  AS2I4  proved  correct,  but  the  substance  is  valueless  as  a 
synthetic  agent,  arsenic  being  liberated,  and  organic  derivatives 
of  arsine  being  produced. 

FrejJaration  and  Formula. 

The  directions  given  by  Bamberger  and  PhilipjD  to  heat  arsenic? 
with  twice  its  weight  of  iodine  in  sealed  tubes  to  230°  were  usually 
followed,  although  we  have  obtained  more  certain  results  in  preparing 
a  product  free  from  tri-iodide  by  employing  a  temperature  of  260°. 
liecrystallisation  from  carbon  disulphide  was  effected  in  an  atmo- 
sphere of  dry  carbon  dioxide,  and  the  solution  was  driven  from  one 
vessel  to  another  by  a  stream  of  the  same  gas.  These  conditions 
are  essential,  as   the  substance   is  very  se/nsitive  to  moisture  and 
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oxygen,  and  the  specimen  used  for  analysis  was  dried  in  a  current 
of  carbon  dioxide,  the  tubes  in  which  it  was  preserved  being  also 
filled  with  the  gas.  In  carrying  out  the  analysis  the  substance 
was  transferred  from  the  weighing  tube  into  a  dilute  solution  of 
sodium  carbonate,  the  free  arsenic  which  separated  was  filtered  off,  the 
solution  acidified  with  hydrochloric  acid,  and  the  remaining  arsenic 
precipitated  as  sulphide.  Iodine  was  estimated  in  a  separate 
portion,  the  solution  having  been  acidified  with  sulphuric  acid : 

0-8044  gave  00347  As.     As  =  4-3.         ]  ^      ,     ,., 
and  0-2385  AS2S3.     As  =  18-2.)        '      "    ' 

0-5704  gave  0-8099  Agl.     1  =  76-8. 

AS2I4  requii-es  As  =  22-8;  1  =  77-2  per  cent. 

The  molecular  weight  was  determined  by  the  Landsberger  boiling 
point  method  in  carbon  disulphide  (At  =  23-7)  solution: 

0-5256  raised  the  boiling  point  of  13-83  CS.2  by  0-15°.  M.W.  =  601. 

0-5768  „  „  19-07  CS.,  by  0-125°.  M.W.  =  574. 

AS2I4  requires  M.\V.  =  658   (AsIo  =  329"^  and  Asl^  456). 

The  results,  although  not  good,  owing  to  the  sensitiveness  of  the 
substance,  leave  no  doubt  as  to  the  molecular  weight. 

Reactions. 

Bamberger  and  Philipp  already  noted  that  when  the  substance 
was  decomposed  by  water,  the  amount  of  arsenic  liberated  was  less 
than  that   required   by  the   equation 

3As2l4  =  4Asl3  +  2As. 
The  resvilts  obtained  in  our  analysis  of  the  compound  confirm  this 
observation. 

Cold  concentrated  sulphuric  acid  is  apparently  without  action, 
but  some  iodine  is  eliminated  when  the  acid  is  raised  to  near  its 
boiling  point.  Cold  fuming  nitric  acid  has  aj^parently  little  imme- 
diate action,  but,  on  heating,  oxides  of  nitrogen  and  iodine  vapour 
are  given  off,  whilst  eventually  arsenic  and  iodic  acids  are  pro- 
duced. 

Pyridine  decomposes  the  substance  immediately,  arsenic  is  liber- 
ated, and  arsenic  tri-iodidc  passes  into  solution.  The  substance 
dissolves  in  boiling  acetic  anhydride;  the  material  which  separates 
on  cooling  is  mostly  yellow,  but  evidently  not  homogeneous.  It  is 
very  probable  that  the  greater  portion  of  the  product  is  a  derivative 
of  arsenic  tri-iodide,  since  the  solution  of  this  substance  in 
boiling  acetic  anhydride  deposits  beautifvil  orange  crystals  on 
cooling. 

On  adding  one  molecular  proportion  of  finely-powdered  arsenic 
di-iodide  to  an  ethereal  solution  of  four  molecules  of  magnesium 

3  S  2 
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phenyl  bromide,  an  oily  substance,  insoluble  or  sparingly  soluble  in 
ether,  separated ;  as  this  was  qualitai  ively  shown  to  contain  arsenic, 
halogen,  and  magnesium,  it  was  probably  an  additive  product.  On 
decomposition  with  ice  and  dilute  sulphuric  acid,  the  ether  dis- 
solved an  organic  arsenic  compound,  which  was  deposited  at  first 
as  an  oil,  on  evaporating  the  ether.  The  oil  having  solidified,  the 
product  was  crystallised  from  dilute  alcohol,  and  colourless  needles 
melting  at  60°  were  obtained.  The  suspicion  that  the  substance 
was  merely  triphenylarsine  was  confirmed  by  a  mixed  melting  point 
with  a  specimen  prcjoarcd  by  P.  Pfeiifer  and  H.  Pietsch's  method 
(Be/:,  1904,  37,  4621)  from  arsenic  trichloride  and  magnesium 
phenyl  bromide,  the  purity  of  which  had  been  conti'olled  by  analysis  : 

0-2996  gave  0-1193  As^Sg.    As  =  24-3. 

As(0,;H5)3  requires  As  =  24'5  per  cent. 

It  is  evident  that  arsenic  di-iodide  can  be  of  little  use  as  a  syn- 
thetic agent,  the  ease  with  which  it  furnishes  the  tri-iodide  or  its 
derivatives  being  prohibitive. 

East  London  College. 


XC. — SejKiration  of  Cadmium  from  Zinc  as  Sulphide 

in  the  presence  of  Trichloroacetic  Acid. 

By  John  Jacob  Fox. 

The  usual  quantitative  methods  of  separating  cadmivim  from  zinc, 
other  than  electrolytic,  depend  on  the  use  of  mineral  acids  of 
strength  sufficient  to  prevent  the  jorecipitation  of  zinc  sulphide. 
The  most  convenient  acids  for  this  purpose  are  hydrochloric  and 
sulphuric,  but  the  quantity  of  these  acids  present  must  be  limited 
to  a  maximum  of  about  1  gram  of  hydrogen  chloride  or  10  gi'ams 
of  sulphviric  acid  per  100  c.c.  If  these  quantities  are  exceeded, 
some  of  the  cadmium  remains  in  solution  and  cannot  be  precijDitated 
by  hydrogen  sulphide.  Further,  if  the  quantity  of  hydrogen 
chloride  is  less  than  0'9  gram  per  100  c.c,  some  zinc  sulphide  falls 
out  of  solution  together  with  the  cadmium  suliDhide.  To  ensure  com- 
plete separation  when  much  cadmium  is  present  in  a  solution,  three 
precipitations  of  the  cadmium  sulphide  are  necessary,  and  at  the  same 
time  the  amount  of  acid  mvist  be  limited  as  mentioned  above.  For 
this  purpose  sulphuric  acid  is  more  convenient  than  hydrochloric, 
but  there  is  considerable  risk  of  keeping  small  amounts  of  cadmium 
in  solution. 
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To  avoid  the  inconvenience  of  several  dissolutions  and  prccijoita- 
tions  of  the  cadmium  sulphide,  an  organic  acid  of  the  same  order 
of  strength  as  mineral  acids  was  sought  for,  and  finally  trichloro- 
acetic acid  was  selected.  The  strength  of  this  acid  as  deduced 
from  its  degree  of  ionisation  compared  with  hydrochloric  acid,  at 
a  concentration  of  1/32  normal,  is  in  the  ratio  of  about  1  to  r08. 
This  ratio  approaches  equality  at  greater  dilutions,  and  it  may 
be  assumed  that  at  much  greater  concentrations  than  1/32  normal, 
trichloroacetic  acid  is  still  less  dissociated  than  the  corresponding 
equivalent  of  hydrochloric  acid.  The  precipitation  of  zinc  sulphide 
in  presence  of  trichloroacetic  acid  bears  this  out.  For  if  a  solution 
containing  about  TO  gram  of  zinc  and  6"1  grams  of  trichloroacetic  acid 
per  100  c.c.  is  taken,  a  precipitate  of  zinc  suljDhide  is  formed  on 
passing  hydrogen  sulphide,  but  the  equivalent  quantity  of  hydro- 
chloric acid  is  sufficient  under  these  conditions  to  prevent  anything 
more  than  traces  of  zinc  sulphide  from  being  precipitated. 

If,  however,  with  the  same  concentration  of  zinc  a  solution  is 
used  containing  11  grams  of  trichloroacetic  acid  joer  100  c.c,  no 
precipitation  of  zinc  sulphide  results. 

It  is  to  be  noticed  in  this  connexion  that  the  concentration  of 
the  zinc  is  also  a  determining  factor  in  the  precipitation  of  zinc 
sulphide.  With  solutions  containing  01  gram  of  zinc  per  100 
c.c,  as  little  as  4'5  grams  of  trichloroacetic  acid,  or  1  gram  of 
hydrogen  chloride,  are  sufficient  to  prevent  the  formation  of  zinc 
sulphide. 

In  general,  concentrated  solutions  of  trichloroacetic  acid  are  not 
dissociated  to  the  same  extent  as  hydrochloric  acid.  This  is  of 
importance  as  regards  the  jDrecipitation  of  cadmium  sulphide,  for 
strong  solutions  of  trichloroacetic  acid  do  not  appear  to  exercise 
any  effect  in  preventing  the  complete  precipitation  of  cadmium 
sulphide,  even  when  the  concentration  of  the  cadmium  is  small,  as 
the  following  experiments  show : 


Grams  of 

Gram  of  cadmium 

Vohinie 

of 

trichloroacetic 

Gram  of 

obtained  as 

solution  in  c  c. 

acid  present. 

cadmium  use 

;d. 

cadmium  sulphide. 

15 

670 

0-0051 

0  0050 

55 

16-74 

00051 

0-0050 

105 

33-48 

0-0051 

00050 

200 

34-12 

0  1028 

0-1024 

To  test  the  value  of  the  reagent  in  the  sepai-ation  of  zinc  and 
cadmium,  determinations  were  made  on  mixtvires  of  solutions  of 
zinc  sulphate  and  cadmium  chloride.  It  was  found  that  when  the 
proportion  of  zinc  was  large  as  compared  with  cadmium,  and  the 
concentration  comparatively  high,  the  separation  of  the  two  metals 
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was  not  quite  complete,  owing  to  some  zinc  being  carried  down  with 
the  cadmium  sulphide  if  the  amount  of  the  latter  were  more 
than  a  few  milligrams.  On  redissolving  and  reprecipitating,  a  com- 
plete separation  resulted  in  all  the  cases  examined. 


Grams  of 

Gram  of 

Grams  of 

Gram  of 

Vol.  of  solu- 

zinc 

cadmium 

trieliloroacetic 

cadmium 

tion  in  c.c. 

present. 

present. 

acid  present. 

obtained. 

1.         120 

1-240 

0  0512 

13-4 

0-0512 

2.         250 

4-552 

0-0512 

07-0 

00510 

3.         100 

1-138 

0-0512 

12-2 

0-0507 

4.         200 

0-124 

0-2236 

28-6 

0-2245 

.'').         150 

0-0552 

0-0466 

15-0 

0-0466 

Experiments  1,  2,  and  3  needed  two  precipitations,  experiments 
4  and  5  one  only. 

In  the  ordinai'y  examination  of  metals  for  cadmium,  the  addi- 
tion of  trichloroacetic  acid  would  be  objectionable  for  the  separa- 
tion of  the  sulphides  of  Group  II.,  since  it  might  interfere  with 
the  complete  precipitation  of  Group  III.  metals.  To  avoid  this, 
the  first  partial  separation  of  cadmivim  and  zinc  may  be  effected 
by  using  1  gram  of  hydrogen  chloride  per  100  c.c.  of  solution. 
Some  zinc  sulphide  will  be  precipitated  together  with  the  Group 
II.  sulphides.  The  second  separation  can  then  be  effected  by 
adding  to  the  neutral  solution  of  zinc  and  cadmium  an  amount  of 
trichloroacetic  acid  sufficient  to  give  a  solution  containing  at  least 
10  grams  of  this  acid  per  100  c.c.  A  large  excess  of  trichloroacetic 
acid  above  10  per  cent,  may  be  used  without  interfering  with  the 
precipitation  of  cadmium  sulphide  (see  experiments  above).  The 
zinc  may  be  precipitated  in  the  filtrate  from  the  cadmium  sulphide 
by  adding  ammonia  and  ammonium  sulphide,  the  presence  of 
ammonium  trichloroacetate  being  withovit  effect  on  the  precipita- 
tion of  zinc  suliohide. 

Thus,  50  grams  of  crystallised  zinc  sulphate  (ZnS04,7IIoO)  corre- 
sponding to  11-380  grams  of  zinc,  and  0-4128  gram  of  crystallised 
cadmium  chloride  (CdCl2,2H20)  corresponding  to  0"2116  gram  of 
cadmium,  were  dissolved  in  water  and  diluted  to  350  c.c,  there  being 
1  per  cent,  of  hydrogen  chloride  present.  The  sulphide  precipitate 
obtained  was  redissolved  and  neutralised;  17-3  grams  of  tri- 
chloroacetic acid  were  added,  and  the  whole  dihxted  to  100  c.c.  The 
cadmium  obtained  as  cadmium  sulphide  was  0'2119  gi-am,  and  the 
filtrate  from  this  gave  0-1546  gram  of  zinc. 

Similar  results  were  obtained  when  trichloroacetic  acid  was  used 
for  both  precipitations  of  cadmium  sixlphide,  but  when  the  amount 
of  zinc  present  was  small  compared  with  the  cadmium,  one  treat- 
ment was  sufficient  for  practically  complete  separation  of  the  two 
metals. 
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In  some  experiments  it  was  found  that  when  the  concentration 
of  trichloroacetic  acid  was  high  (50  per  cent,  and  more)  the 
cadmium  was  not  immediately  precipitated  on  passing  hydrogen 
sulphide.  The  precipitation  was  readily  started  in  such  cases  by 
the  addition  of  a  few  drops  of  a  dilute  solution  of  ammonia. 

GOVERXMENT    LAB0R.4.T0RY. 


XCI. — Mixed  Semi-ortho-oxalic  Compounds. 

By  G.  Druce  Lander. 

I  HAVE  previously  shown  (Trans.,  1904,  85,  984)  that  the  primary  di- 
amido-semi-ortho-oxalic  compounrls,  such  as  C0.2Me*C(NHPh).2'OMe, 
described  by  Anschiitz  and  Stiepel  [Annalen,  1899,  306,  5),  do  not 
exist,  but  that  those  reactions,  which  might  be  expected  to  produce 
them,  yield  amidino-oxalic  esters,  such  as  COoIMe'C(NPh)'NHPh. 

In  the  present  communication  the  mixed  semi-ortho-compounds 
C02Et-C(0Et),-NHPh  and  C0.2Me-C(0Me),-NHPh  are  described.  In 
constitution  they  bear  the  same  relationship  to  the  semi-iV^phenyl- 
imino-oxalic  esters,  C02ll*C(NPh)'0R,  as  do  Anschiitz  and  Stiepel's 
suppo.sed  diamido-compounds  to  the  amidino-esters.  Contrary  to 
anticipation,  however,  no  genetic  connexion  can  be  shown  to  exist 
between  the  amidodialkyloxy-esters  and  the  imino-ethers. 

The  new  compounds  were  encountered  during  numerous  unsuccessful 
attempts  to  prepare  the  oxalimino-ethers  from  the  coi-responding  imide 
chlorides,  COgR'CClINPh,  thus  completing  the  synthetical  relation- 
ships of  the  imino-ethers  and  amidino-esters  with  the  parent  oxani- 
lates.  The  amide  chloride,  COoEf  CClo'NHPh,  and  the  imide  chloride, 
COoEt-OC!:NPh,  were  described  by  Klinger  {Annalen,  1877,  184, 
280).  My  failure  to  prepare  the  imino-ether  from  the  imide  chloride 
is  chiefly  due  to  the  circumstance  that  I  have  never  been  able  to 
prepare  the  imide  chloride  in  sufficient  quantity  or  purity  for  syn- 
thetical purpo.'=es,  and  having  in  other  ways  (Trans.,  loc.  cit.)  proved 
the  non-existence  of  AnschUtz  and  Stiepel's  compounds,  which  was  the 
primary  object  of  the  work,  further  attempts  along  this  particular 
line  have  now  been  abandoned. 

The  amide  and  imide  chlorides  of  the  substituted  oxamates  possess 
interesting  properties.  For  the  type,  the  amide  chlorides  are 
exceptionally  stable,  first  eliminating  hydrogen  chloride  in  the 
neighbourhood  of  100°,  thus, 

CO^EfCCl./NHPh  -^  CO.,EfCCi:NPh-f  HCl, 
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but  tliis  change  is  immediately  succeeded  by  further  decomposition, 
whereby,  as  Klinger  noticed,  ethyl  cliloride  and  carbon  monoxide  are 
formed.  1  find  that  the  third  main  product  is  phenylcarbimide,  the 
formaLioii  of  wliicli  is  readily  demonstrable  by  its  odour,  and  the  pro- 
duction of  diphenylcarbamide  when  treated  with  aniline  or  water. 
The  b'ehaviour  on  heating  is  thus  elucidated  as  follows  : 


CO;0iEti-C;Cl::NPh  — >  OICINPh  +  CO  +  EtCl. 

The  amide  chloi*ides  of  ethyl  and  of  methyl  oxanilates  may  be 
i^eadily  prep:ired  by  fusing  together  molecular  proportions  of  the 
esters  and  phosphorus  pentachloride,  removing  phosphoryl  chloride 
by  distillation  in  a  partial  vacuum  below  70°,  and  crystallisation  of 
the  residue  from  a  mixture  of  benzene  and  light  petroleum.  The 
amide  chloride  of  inetlu/l  oxanilate,  C'0.,Me'CCl./NHPh,  has  not  been 
previously  prej>ared.  It  forms,  after  one  crystallisation,  faint  brown 
I'ealllets,  or  needles,  melting  at  100 — 103°  and  decomposing  at  about 
ISO''. 

The  amide  chlorides  react  noi'mally  with  sodium  alkyloxides,  thus, 

CO^R-CCIa-NHPh  +  2NaOR  =  C0,B-C(0R)2-NHPh  +  2NaCl, 

leading  to  the    formation    of    the   first  representatives   of   the  mixed 
serai-oi'tho-amido-compounds  in  which  an  NH  group  is  present. 

h'emi-ortlio-anilidotriethyl  oxalate,  COoEt*C(OEt)^*NHPh,  results 
on  adding  the  calculated  amount  of  sodium  dissolved  in  ethyl  alcohol 
to  the  cold  solution  of  the  amide  chloride  of  ethyl  oxanilate  in 
benxene.  The  reaction  is  speedily  complete  in  the  cold,  and  the 
organic  product  isolated  by  extraction  of  the  benzene  solution  with 
warm  water,  desiccation,  evaporation  of  the  solvent,  and  distillation  in 
a  partial  vacuum  or  crystallisation  from  dilute  alcohol.  From  20 
grams  of  amide  chloride  13"5  grams  of  the  semi-ortho-oxalate  were 
thus  obtained  in  leaflets  or  needles  melting  at  69 — 70-5°  and  boiling 
,^t  172—174712  mm.: 

.0-1440  gave  0-3324  CO2  and  0-1070  H,0.     C  =  62-95;  H  =  8-25. 
.0-1358     ,,     0-3132  CO2  and  0-0973  H^O.     C-62-90  ;  H  =  7-96. 
0-1858     „     8-6  CO.  moist  nitrogen  at  10°  and  759  mm.     ]Sr  =  5-52. 
Ci^HgiO^N  requires  0  =  62-92;  H  =  7-86;  N  =  5-24  per  cent. 

Determinations  of  methoxyl  and  of  the  molecular  Aveight  are  given 
for  the  analogous  methyl  compound. 

Semi-orthoanilidotrimethyl  oxalate,  C02Me*C(0Me)./NHPh,  is  formed 
from  the  amide  chloride  of  methyl  oxanilate  by  the  action  of  sodium 
methoxide  in  a  manner  entirely  analogous  to  that  just  described  for 
the  ethyl  compound.  It  forms  colourless  needles  njelting  at  80 — 82" 
and  boiling  at  182'y20  mm,  : 
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0-1455  gave  0-3 120  CO2  and  0-0878  HgO.     C  =  54-48  ;  H  =  G-70. 
0-1858     „      10-1  c.c.  moist  nitrogen  at  10'^  and  749  mm.     N  =  6-40. 
01651     „     0-5131  Agl.     OMe  =  41-00. 
0-2153  in  benzene  gave  A«  =  0-401°.     M.W.=  223. 
CjiH^jO^N    requires    C  =  58-66;    11  =  6-66;    N  =  6-22;    OMe=41-30 
percent.     M.W,  =  225. 

These  data  taken  along  with  the  mode  of  formation  leave  very- 
little  doubt  that  the  compounds  have  the  constitutions  ascribed  to 
them. 

An  attempt  to  obtain  the  compound  C0oEt'C(0Me)2'NHPh  by 
acting  on  CO^Et'CClg'NHPh  with  sodium  methoxide  resulted  in  the 
production  of  a  mixture  of  C0.,Me-C(0Me)2-NIIPh  and 

C0,EfC(0Me)2-NHPh 
(compare  Trans.,  loc.  cit.,  989). 

Transformations  of  the  Seini-orthoanilido-oxalates. 

The  esters  condense  with  aniline  only  on  heating  for  some  time 
at  200°,  when  diphenylamidino-oxanilide,  CO-NHPh-OINPh-NHPh 
(Klinger,  loc.  cit.  ;  Trans.,  1901,  79,  700),  and  not  the  amidino-ester, 
COgR-CINPh-NHPh,  is  formed. 

It  was  not  found  possible  to  transform  the  ortho-esters  by  loss  of 
alcohol  into  the  corresponding  semi-iV-phenylimino-oxalic  esters, 
although  the  change 

C02R-C(0R)./NHPh  ->  C02R-C(0R):NPh  +  R0H 
would  a  jn'ioQ'i  be  deemed  most  likely. 

As  already  indicated,  the  ortho-esters  distil  unaltered  under  low 
pressvires,  and  when  heated  at  the  ordinary  pressure  they  undergo  the 
profound  changes  described  later.  It  seemed  likely  that  warming  with 
acetic  anhydride  might  effect  the  desired  loss  of  alcohol.  It  does,  but 
the  imino-ether,  which  doubtless  fir.st  results,  is  further  decomposed 
by  the  acetic  acid  liberated  in  the  reaction  into  oxanilate  and  acetic 
ester,  for  example  : 
C02Et-C(0Et):NPh  +  C0H4O,  — >  COoEt-CO-NHPh  +  CoHgOg-aH^. 

Neutralisation  during  the  action  by  previously  adding  an  excess  of 
pyridine  did  not  lead  to  the  desired  result. 

When  semi-orthoanilidotriethyl  oxalate  is  heated  in  the  oil-bath 
under  the  ordinary  pressure,  decomposition  commences  at  270°, 
accompanied  by  the  distillation  of  a  colourless  liquid,  and,  towards  the 
end  of  the  action,  of  carbon  monoxide.  The  liquid  consisted  for  the 
most  part  of  phenylcarbimide.  In  a  partial  vacuum  a  farther  oily 
fraction  passed  over  between  140 — ^160°/10  mm.,  in  which  no  single 
product  could  be  detected,  but  which  possibly  contained  ethyl  oxanilate, 
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phenylurethano,  and  very  small  quantities  of  semi-^-phenylirnino- 
oxalifdietliyl  ester.  The  residue  in  the  flask  did  not  distil  at  270 'and 
crystallised  from  alcohol  in  needles  melting  at  101 — 104'^ : 

0-1530  gave  0-3768  CO,  and  0-0815  11,0.     0  =  67-16  ;  H  =  5-92. 

01420     „     0-3482  COo    „    0-0752  H^O.     0  =  66-87 ;  H  =  5-86. 

0-1474  „  10-8  c.c.  moist  nitrogen  at  14°  and  760  mm.  N  =  8-60. 
Oij^H^qO^N^  requires  0  =  67-05  ;  H  =  5-90  ;  N  =  8-23  per  cent. 

The  methyl  analogue  is  formed  from  semi-orthophenylamidotrimethyl 
oxalate  under  precisely  similar  conditions,  and  after  two  crystallisa- 
tions from  chloroform  and  methyl  alcohol  forms  needles  melting  at 
131  —  133°: 

0-1370  gave  0-3278  CO,  and  0-0754  H2O.     0  =  65-25  ;  H  =  5-30. 
0-1464     „     11-4  c.c.  moist  nitrogen  at  13°  and  746  mm.     N  =  901. 
0-2492     „     0-3729  Agl.     OMe  =  19-74. 
Ci^HjcO^N,   requires    0  =  65-38;    H  =  5-12;    N  =  8-97;    OMe=  19-87 

per  cent. 
From  the  analyses  and  methoxyl  estimations,  which  indicate  two 
such  groups,  the  compounds  described  above  are  formulated  as 
PhN:0(OEt)-NPh-00-00;Et  and  PliN:C(0Me)-NPh-00'C0.3Me,  that 
is,  as  the  ethyl  and  methyl  isoethers  of  ethyl  and  methyl  diphenyloxalurates 
respectively. 

Support  is  lent  to  this  formidation  from  the  circumstance  that  on 
hydrolysis  of  the  ethyl  compound  with  boiling  hydrochloric  acid,  and 
of  the  methyl  compound  with  boiling  alcoholic  hydrogen  chloride,  both 
yield  diphenylparabanic  acid,  00(NPh-00).2,  thus  : 

PhN:0(0Et)-NPh-C0-00,Et  — >  PhNH-OO-NPh-CO-COgH 
PhN-00-NPh 
^        CO — CO 
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XCII. — The   Influence   of  Substitution   in   the   Nucleus 

on  the  Rcite  of  Oxidation  of  the  Side- Chain.     III. 

Oxidation  of  the  Nitro-  and  Chloronitro-derivatives 

of  Toluene. 

By  Julius  Berend  Cohen  and  Henry  James  Hodsman. 

In  two  former  communications  by  Cohen  and  Miller  (Trans.,  1904,  85, 
174  and  1622),  the  influence  of  the  halogens  in  determining  the  rate  of 
oxidation  of  the  side-chain  was  studied.      The  present  paper  contains 
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an  account  of  the  oxidation  of  the  nitro-  and  chloi'onitro-toluenes. 
The  same  method  has  been  employed  as  that  previously  described 
{loc.  cit.). 

The  following  table  contains  the  result  of  five  series  of  experiments 
in  which  the  isomeric  compounds  are  arranged  in  the  order  of  the 
quantity  of  acid  formed,  beginning  with  the  least  oxidised  compound. 
For  comparison  the  isomeric  chlorobromotoluenes  are  added  in  the 
last  column.     The  experimental  details  ai'e  given  later. 

Series  I.  Series  II.         Series  III.      Series  lY.         Series  V. 

2  hours  2i  hours  4i  hours  4  hours  5  hours  l^  hours 

at  130— 140°.  at  130- 144°.  atl"23— 133°.  at  121— 133°.  at  119— 122°.  at  139— 147°. 

XO2  :  CI.  NO.3  :  CI.  NO2  :  CI.  NOo  :  CI.  NO.  :  CI.  CI  :  Br. 

2:3  2:3  2:3  —  2:3  3:5 

2:5  2:5  2:5  —  2:5  2:5 

2:6  2:6  2:6  —  2:6  2:6 

3:6  3:5  3:5  —  ^3:5  5:2 

3:5  3:6  3:6  ^3:6  *  —  2:3 

3:2  ^3:2  3:2  3:2  —  3:2 

4:2  4:2  4:3  4:2  —  4:2  and  2  :  4 

4:3  4:3  4:2  4:3  —  4:3 

3:4  3:4  3:4  —  —  3:4 

*  Position  of  4-chloro-2-nitrotoUiene. 

Excluding  the  4-chloro-2-nitrotoluene,  which  occupies  an  exceptional 
position  in  the  series  and  is  considered  later,  the  general  result  may 
be  summarised  as  follows.  The  compounds  with  the  nitro-group 
in  the  ortho-position  are  least  oxidised,  those  with  the  nitro-group  in 
the  para-position  are  most  oxidised,  whilst  the  meta-compounds  stand 
midway  between  the  two.  It  follows  therefore  that  the  rate  of 
oxidation  is  mainly  dependent  on  the  position  of  the  nitro-group. 
This  is  confirmed  by  the  result  of  oxidising  the  three  nitrotoluenes, 
from  which  it  will  be  seen  that  the  same  oi'der  is  maintained. 

*  Series  VI. — Oxidation  of  the  Nitrotoluenes. 
Time,  f  hour.     Temperature,  128—131°. 

M.  p.  of  acid  fWeight  of 

Weight    Calculated  as     ^ — -^ ^  unchanged 

of  acid,     uitrotohiene.     Found.            Correct,  substance.  Total. 

Ortho     0-176             0-144       Very  impure         147°  0-833         0-977 

Mela    0-275             0"225         135—139°      140—141  0-760         0-985 

Para 0-302             0-248         234—236             238  0  769         1017 

*  In  all  series,  the  weight  of  each  isomeride  oxidised  was  1  gram. 

t  The  weight  of  unchanged  substance  was  estimated  merely  as  a  check  on  the 
quantity  of  acid  formed,  but,  owing  to  the  volatility  of  the  chloronitro toluene,  the 
values  obtained  cannot  be  regarded  as  very  accurate. 

On  comparing  the  series  of  chloronitrotoluenes  with  the  dihalogen 
derivatives  it  will  be  seen  that  they  both  agree  as  regards  the  para- 
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sulistituted  compounds  (4:2,  2:4,  4  :  3,  and  .'5  :  4),  all  of  which  are 
more  easily  oxidised  than  the  other  members  of  the  series.  It 
appears  then  that  the  rate  of  oxidation  is  to  a  great  extent  inde- 
pendent of  the  nature  of  the  para-group  present.  In  the  case  of 
the  ortho-  and  meta-substituent.s,  the  meta-halogen  in  the  dihalogen 
derivatives  retards  the  oxidation  the  most,  whereas  in  the  nitro- 
halogon  series  it  is  the  ortho  nitro-group  which  possesses  this  function. 
The  result  is  that  in  the  dihalogen  compounds  the  dimetacompound 
occupies  the  first  place  and  is  followed  by  a  series  of  ortho  compounds, 
whereas  in  the  nitro-halogen  series  the  ortho-nitro-compounds  stand 
first  on  the  list  and  are  followed  by  the  meta-nitro-derivatives. 

The  position  occupied  by  tlie  4-chloro-2-nitrotoluene  fluctuates  in 
a  way  which  we  found  at  first  some  difficulty  in  explaining.  On 
examining  the  table  on  p.  971,  it  will  be  seen  that  the  quantity 
oxidised  appears  to  vary  inversely  with  the  length  of  time  during 
which  the  sub.stance  is  in  contact  with  the  oxidising  agent.  Now, 
if  the  acid  first  formed  is  rapidly  attacked  by  the  oxidising  agent, 
continued  action  may  result  in  its  complete  disintegration,  accom- 
panied by  the  elimination  of  chlorine  as  hydrochloric  acid.  If  this  is 
the  case  both  the  amount  of  acid  formed  and  the  total  quantity  of  the 
products  would  show  a  low  result.  The  following  experiments  were 
undertaken  in  order  to  elucidate  the?e  points.  The  estimation  of  free 
liydrochloric  acid  in  the  oxidised  products  was  effected  as  follows. 

The  organic  portion  was  extracted  with  ether  from  the  contents 
of  the  tube  and  the  aqueous  layer  drawn  off.  The  ethereal  layer  was 
then  washed  with  a  little  distilled  water  which  was  added  to  tlie 
aqueous  portion  already  sepai'ated.  An  excess  of  iVYlO  silver  nitrate 
was  added,  and,  after  filtering  off  Ihe  silver  chloride,  the  excess  was 
estimated  with  JV/IO  ammonium  thiocyanate. 

In  the  following  table  the  effect  of  protracted  oxidation  on  the 
nucleus  of  the  4-chloro-2-nitrotoluene  is  well  marked.      The  amount 

Series  IV. — Oxidation  of  the  Chloronitrotoluenes. 

Time,  4  hours.     Temperature,  121—133°. 

Hydro- 
Weight     Changed     chloric 
Calculated  ofvui-         -|-un-     acid  calcu- 

Weiglit  as  M.  ]>.  of  acid.       changed    changed    lated  as 

of       chloionitro-  /■ ' ^      sub-  sub-    chloronitro- 

NC, :  CI.  acid.       toluene.     Found.       Correct,    stance.      stance,     toluene.    Total. 
2:4     0-689         0-587     125— 138°  140— 143°   0-309         0-896         0-1G5       1-061* 
4  :  2     0-702         0-597     135—142    142—144     0-328         0-925         0  005       0-930 
3:2     0  691         O'SSS     175—180         179  0-326         0-914         0-009       0-923 

3  :  6     0-643         0-547     150-100         165  0-405         0-952         0-003       0-955 

4  :  3     0-704         0-599     135—140    185-186     0-307         0906         0-011       0-917 

*  The  excess  over  1  gram  of  original  substance  must  be  placed  to  the  account  of 
unchanged  .substance  which  cannot  be  accurately  estimated. 
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of  hydrochloric  acid  set  free  is  at  least  fifteen  times  greater  than  that 
derived  from  the  other  compounds  of  the  series  in  which  the  nitro- 
group  is  not  in  the  ortho-position. 

This  effect  on  the  4-chloro-2-nitrotoluene  is  shared  by  all  the 
ortho-nitro-derivatives,  for  although  they  are  less  readily  oxidised 
than  the  4-chloro-2-nitro-compound,  they  all  form  hydrochloric  acid 
and  give  a  low  total  yield  of  products.  The  other  isomerides  not 
containing  an  ortho-nitro-group  yield  only  comparatively  small  quanti- 
ties of  hydrochloric  acid.  The  low  yields  from  the  ortho-nitro-com- 
pounds  are  shown  in  the  following  series  (III). 

Series  III. — Oxidation  of  the  Chlorouitrotoluenes. 
Time,  4|  hours.     Temperature,  123 — 133°. 


Weight 

Calculated 

M.  p. 

of  aeid. 

Weight  of 

of  acid 
formed. 

as  cliloio- 
iiitiotolueiic. 

A 

unchanged 
substance. 

N02 

CI. 

Found. 

Collect. 

Total. 

2 

4 

0-572 

0-487 

125-138° 

140—143° 

0-194 

0-681 

2 

6 

0-513 

0-437 

120—155 

161 

0-318 

0-755 

2 

3 

0-421 

0-358 

170—220 

235 

0-448 

0-806 

2 

5 

0-456 

0-387 

115—130 

137—138 

0-429 

0-816 

3 

2 

0-855 

0-728 

175—180 

179 

0-149 

0-877 

4 

3 

0-859 

0-731 

155—163 

185—186 

0-170 

0-901 

3 

5 

0-774 

0-659 

145—150 

148  —  149 

0-261 

0-920 

4 

2 

0-887 

0-755 

138—143 

142—144 

0-177 

0-932 

3 

6 

0-825 

0-702 

150—158 

165 

0-266 

0-968 

3 

.4 

1-055 

0-898 

165—180 

178—180 

0-076 

0-974 

The  following  table  shows  the  amount  of  hydrochloric  acid  set 
free  by  the  ortho-nitro-compounds  compared  with  the  3  :  5  and  3  :  4 
chlorouitrotoluenes. 


Series  V. — Oxidatioti  of  the  C hloronitrotoluenes. 
Time,  5  hours.     Temperature,  119—122°, 


Hydro- 

AVeight 

Weight 

chloric 

Weight 

Calcu- 

of un- 

of 

acid  calcu- 

of 

acid 
formed. 

lated  as 

dilorouitr 

toluene. 

I\I.  p.  c 

f  acid. 

changed 
sub- 
stance. 

changed 

-fun- 
changed. 

lated  as 

:hloronitro 

toluene. 

0. 

:C1 

Found. 

Correct. 

Total. 

2 

3 

0-185 

0-157 

180—220" 

235° 

0-696 

0-853 

0-046 

0-899 

2 

5 

0-220 

0-187 

115—130 

137—138 

0-747 

0-933 

0-049 

0982 

2 

6 

0-258 

0-219 

130-155 

161 

0-697 

0-916 

0-055 

0-971 

2 

4 

0-440 

0-374 

1-20-135 

140-143 

0-524 

0-898 

0099 

0-997 

3 

5 

0-289 

0-246 

140—146 

148—149 

0-722 

0-968 

0-010 

0978 

3 

4 

0-729 

0-620 

165—175 

178—180 

0-359 

0-979 

0  009 

0-988 

The  amount  of  chlorine  set  free  from  the  nucleus  appears  to  bear 
an  approximately  constant  ratio  to  the  quantity  of  substance  oxidised 
as  seen  from  the  following  table. 
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C(JHEN 

f^ND 

HODSMAN 

OXIDATION 

OF    THE    NITRO 

-    AN 

Weight  of 

HO 

calculated  as 

Weight  of 

NO2  :  01. 

chloronitro  toluene. 

acid  formed. 

Ratio 

\ 
I 

2  :  3 

0-046 

0-185 

0-25 

SerifS    V 

2  :  5 
2  :  6 

0049 
0-055 

0-220 
0-258 

0-22 
0-21 

2  :  4 

0-099 

0-440 

0-22 

Sciics  IV 

2  :  4 

0-ltJ5 

0-689 

0-24 

From  this  it  appeals  probable  that  the  action  on  the  niicleu.s  and 
on  the  .side-chain  are  closely  related,  or,  in  other  words,  that  the 
second  change  depends  on  the  first. 

Experimental. 

Several  of  the  compounds  used  in  the  foregoing  experiments  were 
prepared  by  special  methods.  The  3-chloro-2-nitrotoluene  has  not 
been  previously  described  and  was  first  obtained  by  one  of  us  in 
conjunction  with  Mr.  H.  G.  Bennett,  so  that  all  the  ten  isomeric 
chloronitrotoluenes  are  now  known.  In  the  preparation  of  the 
5-chloro-2-nitrotoluene,  Noelting  and  Stocklin's  method  {Ber.,  1891, 
24,  564)  was  found  unsatisfactory  and  was  accordingly  modified. 

S-C'hloro-2-7(ilrotohie7ie. — 2  :  6-l)iuitrotoluene  was  reduced  to 
2  :  6-nitrotoluidine  in  the  usual  way  and  the  basic  group  acetylated. 
Ten  grams  of  the  nitroacetotoluidide  were  dissolved  in  30  c.c.  of 
hot  glacial  acetic  acid,  and  dry  chlorine  was  at  once  passed  into  the 
solution  which  was  not  allowed  to  cool.  In  this  way  chlorination 
proceeds  without  any  crystallisation  of  the  original  substance. 
When  the  increase  in-^veight  roughly  corresponded  to  the  substitution 
of  one  atom  of  chlorine  the  process  was  stopped.  After  standing 
overnight,  some  of  the  chlorinated  product  usually  separated  out ; 
otherwise  crystallisation  was  hastened  by  cooling  the  solution  in  ice 
and  salt.  These  crystals,  which  were  not  very  pure  (m.  p.  110 — 125°), 
were  filtered  off  and  a  further  quantity  of  chlorinated  product  was 
obtained  as  an  oil  by  the  addition  of  water  to  the  filtrate.  The  oil 
partially  solidified  to  a  viscid  mass  from  which  the  substance  was 
obtained  by  repeated  extraction  with  boiling  water.  The  crude 
product  was  crystallised  from  alcohol  and  finally  from  water  and 
melted  at  150—152°.     On  analysis  : 

0-2607  gave  01610  AgCl.     CI  =  15-28. 

CgHgOgNjCl  requires  Cl=  15*54  per  cent. 

By  heating  the  substance  in  a  sealed  tube  with  five  times  its  weight 
of  concentrated  hydrochloric  acid  the  acetyl  group  was  removed,  and 
the  amino-group  was  then  replaced  by  hydrogen  by  the  usual  method 
of  diazotising  in  alcohol.  The  product  was  purified  by  draining  it  for 
several   hours  on    a  porous  plate,  cooled  in  ice,  and  then  melted    at 
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22 — 23°,  The  yields  were  very  small.  The  constitution  of  the 
chloronitrotoluene  was  determined  as  follows.  The  acetyl  derivative 
of  the  chloronitrotoluidine  was  hydrolysed  and  the  amino-group 
replaced  by  chlorine.  The  product  was  then  nitrated  and  gave  a 
dichlorodinitrotoluene  melting  at  100 — 101°.  Now,  according  to 
Cohen  and  Dakin  (Trans.,  1901,  79,  1129,  1131)  this  melting  point 
corresponds  to  the  2  : 5-dichlorodinitrotoluene  and  not  to  the 
2  :  3-dichloro-compound,  m.p.  7P,  which  is  the  only  other  likely  pi-oduct. 
The  chlorine  therefore  enters  the  ortho-position  to  the  nitro-group,  the 
reactions  taking  place  as  follows  : 

Me  Me  Me    • 

O^Nj/^^NHAc        ^      OoN^NnHAc  O.^n/^NH, 

II  ^        cil     j  ^       Cli      I  ^ 


(160°)  (153°)  (95°) 

Me  Me 


0M{    \C1  0.,N/    \C1 

CI      J        -^        Cl'      ' 


NO2 
(68—70°)  (101°). 

The  melting  points  of  the  diiierent  compounds  are  given  with  the 
respective  formulae. 

In  addition  to  the  above,  a  dinitro-derivative  of  the  chloronitro- 
toluene was  prepared  melting  at  68 — 70°  and  a  benzoyl  derivative  of 
the  chloronitrotoluidine  which  melted  at  212 — 213°. 

In  the  preparation  of  the  chlorine  derivative  of  the  nitroacetotoluidide 
the  process  of  chlorination  should  not  be  prolonged ;  otherwise  a 
second  hydrogen  atom  may  be  replaced  by  chlorine. 

In  one  experiment  5  grams  of  the  2-nitro-6-acetotoluidide  dissolved 
in  10  c.c.  of  hot  glacial  acetic  acid  were  kept  at  100°  for  five  hours 
during  which  time  dry  chlorine  was  passed  into  the  solution.  The 
product  was  separated  by  cooling  in  ice  and  salt,  and  by  adding  a  little 
alcohol.     It  was  recrystallised  from  alcohol  and  melted  at  195 — 197°  : 

0-3282  gave  0-3528  AgCl.     Cl  =  26-67. 

CgllgOgNgClg  requires  Cl  =  26-99  per  cent. 
The  formula  of  ths  dichloro-compound  is  probably 

Me 


Cll      /Cl 


^-Chlo7-o-'2-nitrotoluene. — m-Toluidine    was     acetylattd     with    acetic 
anhydride   and  the   product  freed   from  the   anhydride    by    allowing 
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it  to  stand  in  contact  with  dilute  sodium  carbonate  solution,  for  othei' 
wise  the  subsequent  nitration  does  not  proceed  smoothly. 

To  two  parts  of  m-acetotoluidide  dissolved  in  two  paits  of  glacial 
acetic  acid  and  eight  parts  of  concentrated  sulphuric  acid  cooled  below 
20°,  one  part  of  fuming  nitric  acid  was  gradually  added,  the  temper- 
ature being  kept  at  5 — 10°.  The  nitro-group  enters  the  para-positiori 
and,  to  a  less  extent,  the  ortho-position  to  the  amino-group.  The 
product  was  immediately  poured  into  water,  which  precipitated  the 
nitro-compounds. 

The  acetyl  group  was  removed  by  heating  the  product  on  the  water- 
bath  with  dilute  sulphuric  acid  (1  vol.  HgSO^ :  1  vol.  water)  until 
all  had  passed  into  solution.  After  neutralising  the  acid  with  sodium 
carbonate  the  base  was  distilled  with  steam  to  remove  the  4-nitro- 
?M-toluidine  which  is  more  volatile  than  the  2-nitro-compouiul.  When 
the  melting  point  of  the  distillate  became  constant,  the  residue  was 
filtered,  washed,  and  crystallised  from  alcohol  (m.  p.  135 — 138°). 

The  amino-group  was  replaced  by  chlorine,  giving  5-chloro-2-nitro- 
toluene  which  was  purified  by  distillation  under  reduced  pressure  : 

0-2968  gave  0-2502  AgCl.     01  =  20-85. 

C^HgOgNCl  requires  01  =  20-69  per  cent. 

The  remaining  isomerides  were  obtained  by  well-known  method.^. 
Details  of  the  results  obtained  by  the  oxidation  of  Series  I  and  II  of 
the  chloronitrotoluenes  are  given  in  the  following  tables. 


Series  I. — Oxidatio)i  of  the  Chloronitrotoluenes. 


NO. 


Time 

2  hours. 

Temperature,  130— 

-140°. 

Calculated 

M.  p. 

of  acid. 

Acid 
formed. 

as  chloro- 
liitrotoluene 

r 

Unchanged 
substance. 

^•2 

CI. 

Found. 

Correct. 

Total. 

2 

3 

0-111 

0-095 

180—195° 

235° 

0-873 

0968 

3 

•  2 

0-286 

0-243 

175—180 

179 

0-655 

0-898 

2 

4 

0-314 

0-267 

125—135 

140—143 

0-668 

0-935 

4 

2 

0-288 

0-245 

135—140 

142—144 

0-782 

1-027 

2 

5 

0-132 

0-112 

122—132 

137—138 

0-836 

0-948 

5 

2 

0-211 

0-180 

155—161 

165 

0-812 

0-992 

2 

6 

0-ltiO 

0-136 

140—155 

161 

0-828 

0  964 

3 

4 

0-534 

0-454 

175—180 

185 

0-515 

0  969 

4 

3 

0-296 

0-252 

137—141 

178—180 

0-719 

0-971 

3 

5 

0-213 

0-181 

145—148 

148—149 

0-812 

0-993 
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